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INSPECTION

This wtemational PCT application claims priority to U.S. Provisional
Apphcation No. 62/368,438, fied on luly 29, 2016, the entirety of which is
meorporated by reference herem.

BACKGROUND

Assembly of products that contain multiple items, such as pharmaceutical
packaging, is a complex task. The assembly can proceed m one or more stages
with items being placed into the product at cach stage. Hrrors can be introduced
at cach stage by failing to place a correct item 1n the product, placing too many
of the correct itern m the product, and/or placing an incorrect e in the product.
Products that are ultimately shipped with errors result o lost revenue, increased
customer complaints, and lost ime in addressing the customer complaints, In the
case of a pharmaceutical product package, one unintended result of mproper
packaging is that clinicians or paticnis may be unwilling to use a pharmaceutical
product contamed within an mmproperly assemsbled package.  This can be
particularly true for pharmaccutical products that are adminstered parenterally,
¢.g., subcutancously, intramuscularly, intravenously, intra-ocularly, or by
mwhalation.  Even it an mmproperly assembled package 13 retumed to the
manufacturer by a climician or a patient, a regulatory agency, such as the US.
Food and Drug Administration, will not allow the pharmaceutical product to be
repackaged, resulting in a Notice of Event (NOE) Such NOE's trigger
mvestigations, added expense, and potentially result in an impaired competitive.

It would be desirable, therefore, to develop new techunologies for product
assemibly, that overcomes these and other imitations of the prior art, and
gunhances i by reducing errors and increasing efficiency of package assembly,

SUMMARY

it 15 to be understood that both the following general descripiion and the
following detailed description are exemplary and explanatory only and are not
restrictive. Methods and systems are disclosed for obtaming a first image of a
tray, determining a presence or absence of one or more first patierns in the first
1mage, determining a rotation of cach the one or more first patterns in the first
mmage, and performing an action based on the presence or absence and the

rotation of the one or more first patterns m the first image.
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[0005] Additional advaniages will be set forth in part in the description which
follows or may be leamed by practice. The advantages will be realized and
attained by means of the clements and combinations particularly pointed out m
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{0006] The accompanying drawings, which are ncorporated in and constitute a
part of this specification, dllusirate embodiments and together with the
description, serve o explain the principles of the methods and systems:

Figure 1 i3 an example system;

Figure 2 is an example tmage of an object;

Figure 3A 15 an example 1mmage of an object;

Figure 3B is an example tuage of an object;

Figure 4A is an example image of an object;
Figure 4B is an exarople mage of an objoct;
Figure 5A 1s an example image of an object;
Figure 5B 18 an example image of an object;
Figure 6A is an example image of an object;
Figure 6B is an example tmage of an object;
Figure 7A 19 an example 1mage of an object;
Figure 7B is an examople image of an objoct;
Figure 8A 15 an example tmeage of an object;

Figure 88 1s an examople mmage of an object;

Figure 9 1s an example embodiment of an example system;

Figure 10 is a flowchart illusirating an example method; and

Figure 11 15 an exemplary operating environment,

DETAILED DESCRIPTION

{0007} Before the present methods and systems are disclosed and deseribed, it is
1o be understood that the methods and systems arc not lnuted to specific
methods, specific components, or to particular implementations. It 1s also to be
understood that the fermunology used herein is for the purpose of desceribing
particelar embodiments only and i3 not intended to be binuting.

0008} As used in the specification and the appended clatms, the singular forms

“a,” an” and “the” include plural referents unless the context clearly dictates
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[0009]

(0010}

(0011}

{0012}

otherwise. Ranges may be expressed herein as from “about” one particular
vatue, and/or to “about” ancther particalar value. When such a range is
expressed, another embodiment meludes from the one particular value and/or 1o
the other particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” 1t will be understood that the
particudar value forms another embodiment. B will be further undersiond that
the endpoints of cach of the ranges are significant both in relation (o the other
endpoint, and mdependently of the other endpoint.

“Opuional” or “optionally” meangs that the subsequently described event
or circumstance may or may nof occur, and that the description includes
mstances where said evend or circumstance occurs and mstances where i does
not.

Throughout the description and claims of this specifieation, the word
“comprise” and variations of the word, such as “comprising” and “comprises,”
means “melading but not imited t0,” and is not intended to exclude, for
example, other components, mtegers or steps. “Exemplary” means “an example
of " and is not mtended to convey an indication of a preferred or ideal
embodiment. “Such as” is not used in a restrictive sense, but for explanatory
PUTROSEs.

Disclosed are components that can be used to perform the disclosed
methods and systerns. These and other components are disclosed berein, and i 1s
understood that when combinations, subsets, ieractions, groups, etc. of these
components are disclosed that while specific reference of each vanous individual
and collective combmations and permutation of these may not be explicitly
disclosed, cach is specifically contermplated and described herein, for all
methods and systems. This applies to all aspects of this application including,
but not hinmted to, steps in disclosed methods. Thas, if there are a vanety of
additional steps that can be performed it 15 understood that cach of these
additional steps can be performed with any specific embodiment or combination
of embodiments of the disclosed methods.

The present mcthods and systers may be understood morw readily by
reference to the following detailed description of preferred embodiments and the

examples meluded therein and to the Figures and their previous and following
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{0013}

[0014]

{0015}

description.

As will be appreciated by one skilled in the art, the methods and systems
may take the forro of an entirely hardware crabodiment, an entively software
embodiment, or an embodiment combining software and hardware aspects.
Furthermore, the methods and systems may take the form of a computer program
product on a compuier-readable storage mediom having computer-readabie
program instructions {¢.g., computer software) embodied in the storage medum.
More particularly, the present methods and svsiems may take the form of web-
mmplemented computer software. Any suitable computer-readable storage
medium may be utilized including hard disks, UD-ROMs, optical siorage
devices, o magnetic storage devices.

Embodiments of the methods and svstems are described below with
reference to block diagrams and flowchart lustrations of methods, systems,
apparatuses and computer program products. It will be understood that each
block of the block diagrams and flowchart iltustrations, and combmations of
blocks mn the block disgrams and flowchart illustrations, respectively, can be
nplemented by computer program instructions. These compuier program
mstructions mayv be loaded onto a geveral purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a
machine, sach that the mstructions which execute on the computer or other
programmabie data processing apparatus create a means for inplementing the
functions specified m the flowchart block or blocks.

These compuoter program instructions may also be stored in a computer-
readable memory that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the mstructions
stored 1n the computer-readable memory produce an atticle of manufacture
mclading computer-readable wstructions for implementing the function
specified in the flowchart block or blocks. The computer program instructions
may also be loaded onto a computer or other progranymable data processing
apparatus {0 cause a series of operational steps (o be performed on the computer
or other programmable apparatus to produce a computer-tmplomented process
such that the instructions that execute on the computer or other prograramable

apparatus provide steps for implementing the functions specified in the flowchart
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(0016}

(0017}

(0018}

[0019]

block or biocks.

Accordingly, blocks of the block diagrams and flowchart iustrations
support combinations of means for performing the specified fimetions,
corobinations of steps for perforring the specified functions and program
mstruction means for performing the specified fanctions. It will also be
understood that each block of the block diagrams and flowchart illustrations, and
combinations of blocks 1o the block diagrams and flowchart iHlustrations, can be
mmplemented by special purpose bardware-based computer systems that perform
the specified functions or steps, or combimnations of special purpose hardware
and computer instruciions.

The present disclosure relates fo improvements in computer functionality
related to manufactuning and product assembly.

FiG. | 15 a block diagram illustrating various aspects of an exemplary
system 108 i which the present mcthods and systeras can operate. One skilled
i the art will appreciate that provided herein 1s a functional description and that
the respective functions can be performed by software, hardware, ora
combination of software and hardware.

fn onc aspect, the svsterr 104 can comprise a conveyor belt 101, The
conveyor belt 101 can comprise one or more cleats 182, The ove or more cleats
162 can be made of rubber or similar matenal for attachment to the conveyor
belt 103, The one or more cleats 182 can be raised or otherwise extend above the
surface of the convevor belt 101, The one or more cleats 182 can comprise a
leading cleat and a trasling cleat based on a divection of travel 183, The leading
cieat and the trailing cleat can be relative to an object placed on the belt, such
that the leading cleat is in fromt of the object relative to the direction of travel
183 and the trailing cleat 15 behind the object relative to the duection of travel
§183. Accordingly, a leading cleat for a first object can also be a trailmng cleat for
a second chject that is ahead of the first object and so on. One or more objects
184 can be placed on the conveyor belt 101, In an aspect, the one or more
objects 164 can compnise a product in ong or more states of assembly. For
cxample, the ong or more objects 184 can comprise a fray. The tray can be
configured to hold one or more tiems. The one or more tters can be related to a

medical treatment. For example, the one or more tferas can comprise one or
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100211
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(0024

(0025}

more syringes, auto yjectors, one or more svringe needles, one or more
contaners of a medicament, one or more pamphlets or sets of written
mstructions, combinations thereof, and the like.

In one aspect, the sct of wrilten instructions sets forth iformation about
how to wse and adounister a medicament. In avother aspect, the written
mstructions are a medication label approved by a regulatory agency, such as the
U8, Food and Drug Administration,

In one aspect, the medicament 1s a solid formulation. In another aspect
the medicament is a hquid formudation. In another aspect the medicament is a
gel formulation.

fn ong aspect, the medicament is formulated for oral adminustration. In
ancther aspect the medicament is fornuslated for parenteral adounistration. In
another aspect the medicament is formulated for subcutaneous administration.
In another aspect the medicament s formulated for mtramuscular admuusiration.
In another aspect the medicament 18 formulated for intravenous administration,
In another aspect the medicament s formudated for inhalation admunistration. In
another aspect the medicament is formmdated for intraccular administration.

fn one aspect, the medicament comprises a small molecuie active
mgredient. In another aspect, the medicament comprises a biologic. fn another
aspect, the medicament comprises a peptide or polypeptide active ingredient.

In one aspect, the medicament comprises a vascular endothehal growth
factor (VEGEF) denvative active mgredient. In ancther aspect, the medicament
comprnises afhbercept, which s desenbed m one or more of U5 Patent Nos.
U.S. Patents 7,070,859, 7,303,746, 7,303,747, 7.306,799, 7,374,757, 7,374,758,
7530173 7608261, 7,972,508, 8,029,791, 8.092.803; 8,343,737, 8,647.842,
cach of which 1s incorporated by reference in s entirety.

The conveyor belt 181 can pass over a drive roll which can be driven by
a stepper motor 185, The use of the stepper motor 185 enables precise
pasitioning of the one or more objects 184 relative to a camera 106, a camera
187, and a camera 188, The length of each of the one or more objects 104 can be
represcnted as a preeise mumber of motor steps. The convevor belt 191 can be
precisely advanced or reversed to cause cach of the one or more ohjects 164 to

be moved o a field of view 108, a field of view 110, and a ficld of view 111,
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(0026}

assoctated with the camera 106, the camera 187, and the camera 188,
respectively. A programmable logic controller (PLCY 112 (the PLC 112 can
coraprise a computing device, a PLC, or other controller/processor) can be
configured to cause the stepper motor 105 1o execute any mumber of steps
gither direction to cause the one or more objects 104 1o be moved mio the ficld
of view 109, the {icld of view 11§, and the field of view 111,

In an aspect, the camera 106, the camera 187, and/or the camera 108 can
be configured for scanning, decoding, reading, sensing, tnaging, captunng,
and/or mterpreting visual codes. In some aspects, the camera 186, the camera
167, and/or the camera 108 can be configured o process laser, linear, or area
imaging. For example, it one aspect, the camcra 166, the camera 187, and/or the
camera 108 may mclude an rmager for scanning, reading, and decoding one-
dimensional or two-dimensional barcodes. The camera 186, the camera 197,
and/or the camera 108 can include any imager, barcode scanner, or visual code
scanner capable of extracting information from visual codes consistent with the
disclosed embodiments. In certain aspects, the camera 186, the camera 167,
and/or the camera 108 can be configured to process scanned barcodes, imaggs,
and other data. The camerg 186, the camera 187, and/or the camera 108 can
melude one or more depth cameras for capturing, processing, sensing, observing,
modeling, detecting, and interacting with three-dimensional environments. In
certain aspects, the camera 196, the camera 187, and/or the camera 108 can
recognize and detect depths and colors of objects 1n the ficld of view 189, the
field of view 118, and the field of view 111, respectively. The camera 186, the
camera 187, and/or the camera 108 can also provide other camera and video
recorder functionalities, such as taking pictures, recording videos, streaming
images or other data, storing data in image buffors, ete. These functionalitics
may or may not inchude depth information. In connection with hardware and/or
software processes consistent with the disclosed embodiments, the camera 166,
the camera 187, and/or the camera 188 can determunge sizes, orentafions, and
visual properties of the one or more objects 184, The camera 186, the camera
187, and/or the camera 108 can inchude or embody any camera known to ong of
ordinary skill in the art capable of handling the processes disclosed hercin. The

camera 186, the camera 187, and/or the camera 108 can include appropriate
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[0023]

hardware and software components {¢.g., circuitry, sofiware mstructions, efc.)
for transmitting signals and information to and from a pass/fal controller 113 1o
conduct processes consistent with the disclosed embodiments. The pass/fal
condroller can 113 coraoprise a computing device, a PLC, or other
gontroler/processor. The camera 186, the camera 187, and/or the camera 168
can output an image and/or one or more notifications o a monitor 114, a monitor
115, and a montior 1186, respectively.

Posinoning of the one or more objects 164 1nto the field of view 109, the
field of view 118, and the field of view 111 can oceur at a start-up of the system
168 and can be adjusted during use of the systeny 188, One or more of the
camera 106, the camera 187, and/or the camera 108 can be used to ensure proper
posttioning of the convevor belt 1683, For example, the camera 187 can be
configured to generate an image of the area within the ficld of view 118 The
camera 107 can determine a location of the one or more cleats 192 in the image.
In an aspect, the camera 187 can deternune the location of the leading cleat. The
camera 187 can compare the delermined location of the one or more cleats 162
in the image to areforence location. If the determined location 18 equal to the
reference focation then no adjustmont is necessarv 1o the convevor belt 101 1
the deternined location is not equal to the reference location, the camera 187 can
determine an offset based on the difference between the determined location and
the reference location. The offsct can be determined m a measure of distance, for
example, mullimeters, centimeters, inches, and the hike and/or the offset can be
determined as a number of steps. The camera 187 can transmit a signal to the
PLC 112 to advance or reverse the conveyor belt 181 by the offset by engaging
the stepper motor 105,

In operation, the sysien 180 can be configured to assess a current state of
assembly of the one or more objects 144 and take one or more actions based on
the current state of assembly. As cach of the one or more objects 144 s
advanced by the convevor belt 181, the one or more objects 184 will each be
placed n the ficld of view 109, the figld of view 118, and the ficld of view 111
of the camera 16, the camera 187, and/or the camera 108, respectively. While
FIG. 1 illustrates only three cameras, it 1s specifically contemplated that less

than three or more than three cameras can be used. It 18 further contemplated that
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the convevor belt 101 can be configured to have more than the llustrated three
objects 104 disposed thereon, regardiess of the namber of cameras. As the one or
more objects 104 progress along the conveyor belt 181, one or more ftems can be
assembled into the one or more objects 184 by a human operator or a robot.

When cach of the one or more objects 104 is within a field of view of one
of the cameras, the camera can generate an image of the object 184 within the
field of view associated with that camera. For example, the camera 1086 can

el
I}

generate an 1mage of the arca within the field of view 149, the camera 107 can
generale an image of the arca within the field of view 118, and the camera 168
can generate an image of the area within the field of view 111 Each of the
camera 186, the camera 187, and/or the camera 188 can analyze their respective
mmages. The analysis of an image can comprise deterouning a presence or
absence of one or more patterns. The one or more pattoms can Comprise a foxt
paticm, a numeris patiomn, a svmbol pattem, and combinations thercof. For
example, a text paticrn can comprise any sequence of characters such as,
“FILTER NEEDLE”. A numeric pattern can comprise any sequence of numbers
such as, “694151%7 The symbol pattern can comprise any sequence of symbols
such as, “@LII$" In an aspect, the camera 106, the camera 187, and/or the
camera 108 can utilize optical character recognition {(OCR) to “read” the one or
more pattemns. In another aspect, the camera 186, the camera 187, and/or the
camera 108 can be configured to not utihize GCR, bt rather can be counfigured to
merely recognize the one or more patterns as a specific patlern.

In an aspect, the one or more patterns can be embodied on the one or
more items to be assembied into the one or more objects 144, In an aspect, at
least a portion of the one or MoOTe Hems can COMPrISC One Of Mmore associaied
patterns. Thus, in the event the camera 186, the camera 187, and/or the camera
148 determunes the presence of the one or more pattoms, the presence of the ong
of more patierns indicates a presence of the item associated with a specific
pattern. For example, if the camera 186 determines the presence of “FILTER
NEEDLE” in the image taken of the area within the field of view 102, then a
conclusion can be drawn that an itom associated with the pattern “FILTER
NEEDLE” 18 presend in the object 184 withun the ficld of view 149, The camera

146, the camera 187, and/or the camera 188 can be configured to determing the
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(00321

presence or absence of a plurality of pattcrns within a single mmage. For example,
the camera 106 can determune the presence of “FILTER NEEDLE” and
“FHUTER NEEDLE” 1n the tmage taken of the arca within the ficld of view 109

The presence of both patiems can indicate that an iem associated with two
oecurrences of the pattern “FILTER NEEDLE” 1s present in the object 184
within the field of view 189

Each of the items that can be assembied 10to the one or more objects 104
can be associated with one or more patierns that indicate a presence or absence
of a specific number of the item. For example, an ttem may only be embodied
with one occurrenee of a specific pattern. If the camera 186, the camera 167,
and/or the camera 108 determune that the specific pattorn only occurs onee then
the conclusion can be drawn that only one of the item 1s present. However, if the
camera 106, the camera 187, and/or the camera 108 detormine that the specific
paticm occurs two or rore times then the conclusion can be drawn that more
than one of the iem is present. In another example, an 1iem may be embodied
with two oecurrences of a specific pattern. the camera 166, the camera 167,
and/or the camera 108 determine that the specific pattern only occurs twice then
the conclusion can be drawn that only onc of the tem s present. However, ifthe
camera 186, the camera 107, and/or the camers 188 determine that the specific
pattermn occurs one or three or more times thee the conclusion can be drawn that
more than one of the ftem is present. In a further exanple, an itemm may be
embodied with a range of specific patiems. For example, the itern may be
embodied with one 10 two occurrences of the specific pattern. If the camera 186,
the camera 1§77, and/or the camera 188 determing that the specific pattern occurs
once or twice then the conclusion can be drawn that only one of the temt is
present. However, if the camera 108, the camera 187, and/or the camera 168
determine that the specific pattern oceurs three or more times then the
conclusion can be drawn that more than one of the #tem is present.

Each of the camera 186, the camera 187, and/or the camera 108 can be
configured o analyze an entire image or one or more specific regions of an
mmage. FIG, 2 illustrates an example image 200 of an object 164, The object 104
can comprise a tray 281 configured for storing one or more terns. The one or

more 1ems can be assembled mto the tray 201 such that at least a portion of the
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one or 1oTe Hems 18 present in one or more specific regions. The tray 201 can
comprise one or more regions, for example, a region 282, a region 283, and a
region 284, Fach of the region 202, the region 283, and the region 204 can be
associated with an area where the one or more patterns should be present it the
tem iz present in the tray 281, For example, the region 282 can be associated
with a location of a vial cap of a vial when assembled into the tray 281, the
region 203 can be associated with a location of one or more syringes and/or one
or more needles when assembled mito the tray 201, and the region 284 can be
associated with a location of one or more pamphlets when assembled into the
tray 281, Each of the camera 186, the camera 187, and/or the camera 188 can be
configured to analvze one or more assigned regions of the image 268, For
example, the camera 186 can be assigned to analyze the region 202 and the
region 283, the camera 107 can be assigoed to analyvze the region 203, and the
camera 108 can be assigned to analyze the region 283 and the region 204, Any
combination of assigned regions 1s contemplated. Furthermore, cach of the
camera 186, the camera 107, and/or the camera 188 can be configured to
determine presence or absence of one or more assigned patterns in the assigned
regions. For example, the camera 106 can be assigned to determine presence or
absence of a vial cap n the region 202 and presence or absence of a first pattern
{including a number of socurrences of the first pattern) in the region 203, the
camcra 107 can be assigned to determine presence or absence of a second patiem
{inchiding a number of occurrences of the second pattern) 1o the region 283, and
the camera 188 can be assigned to determine presence or absence of a third
pattern (including a nomber of occurrences of the third pattern} m the region 283
and presence or absence of a fourth patiorn (including a nuber of occirrences
of the fourth pattern)} 1o the region 204, Any combination of assigned patiems
and assigned regions 1s contemplated.

Returning to FI1G, 1, cach of the one or more objects 184 can be
configured o contain a specific number of cach of the one or more ttems. The
presence of the specific number of each tem indicates that the one or more
objects 184 is correctly assembled. The prescnec of anything other than the
specific number of cach item indicates that the one more objects 164 1s

meorrectly assembled. Fach of the camera 146, the camera 187, and/or the
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camera 108 can be configured to make an imndependent assessment of the object
184 within the respective field of view. If a camera determines that the specific
nuntber of Hems the camera is configured to deotect is present, the camera can
1ssue a PASS signal to the pass/fail controller 113, It a camera determines that
the specific number of tems the camerais configured to detect 18 not present, the
camera can tssue a FATL signal to the pass/ail controller 113, Heach of the
camcra 106, the camera 107, and/or the camera 108 i1ssues a PASS signal to the
pass/fail controlier 113, then the pass/fail controller 113 can provide a signal to
the PLC 112 o cause the stepper motor 185 to advance the conveyor belt 1681 o
advance the one or more chijocts 184 o be positioned vader the field of view of
the next camera. The pass/fail controlier 113 can further transmit a notification
to cach of the monitors 114-116 1o display a PASS notification. I one or more of
the camera 106, the camera 187, and/or the camera 188 igsues a FAIL signal o
the pass/fail controller 113, the pass/au controlier 113 will not provide a signal
to the PLC 112 o canse the stepper motor 143 to advance. The pass/fail
controller 113 can further transmut g notification to the momtors 114-116
associated with the camera{s) ssuing the FAIL signal to display a FAIL
notification. An operator {¢.g., a human or a robot) positioned at the monitors
114-116 displaying the FAIL notification can take corrective action to remedy
the FAIL status. For example, if the FAIL signal was issued as a reselt of 2
missing e, the operator can replace the missing itern whereupon the camera
that made the prior FAIL determination can re-generate and re-analyze an image
to determune that the 1Hem 1s now present and 1ssue a PASK signal to the pass/fal
controller $13. In ancther example, if the FAIL signal was issued as a result of
one oF more oxira tiems, the operator can remove the one or more extra iems
whereupon the camera that made the prior FAIL determunation can re-generate
and re-analyze an image to determing that the required mumber of items 18 now
present and 1ssuc a PASS signal to the pass/fail controller 113,

In a further aspect, the analvsis of an 1mage by the camera 146, the
camera 187, and/or the camera 108 can comprise not only determining the
presence of absence of the one or more patterns, but also determining a rotation
of two or more patiems. In an aspect, the two or more patterns can be cutbodied

on the one or more items 1o be assembled nio the one or more objects 184 along
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a specific axis. In an aspect, at least a portion of the one or more ems can
comprise two or more associated pattems along a specific axis. Thus, in the
event the camera 106, the camera 187, and/or the camera 108 determines the
presence of the two or more patterns along the specific axus, the presence of the
two or more patterns along the specific axis indicates a presence of the tem
assoctated with a specific pattern along the specific axis. For example, if the
camera 106 detervunes the presence of "FILTER NEEDLE” and “FILTER
NEEDLE” along the same axis {o.g., 30°, 60°, 90°, 1207, 1807, and the hike) in
the 1mage taken of the area within the field of view 189, then a conclusion can be
drawn that an item associated with the pattern “FILTER NEEDLE” and
“FIUTER NEEDLE” along the same axis is present m the object 104 within the
ficld of view 102, The camera 106, the camera 187, and/or the camera 188 can
be configured to determine the rotation of a plurality of patterns within a single
1mage. For example, the camera 146 can determine the presence of “FILTER
NEEDLE” and “FILTER NEEDLE” along a first axis and the presence of
“SYRINGE NEEDLE” and “SYRINGE NEEDLE” along a second axis in the
image taken of the arca within the field of view 109, The presence of both
patterns along two difforent axes can indicate that an ftem assocated with two
occurrences of the pattern “FILTER NEEDLE” along the first axis 1s prosent in
the object 134 and an itom associated with two occurrences of the pattern
“SYRINGE NEEDLE” along the second axis is also present in the object 164,
By way of farther example, the camera 106 can determine the presence of
“FILTER NEEDLE” and “FILTER NEEDLE" along a first axis and the
presence of “FILTER NEEDLE™ along a second axis in the image taken of the
arca within the ficld of view 198, The prescuce of both patterns along two
different axes can mdicate that two occurrences of an item associated with the
pattern “FILTER NEEDLE” are present in the object 104,

[0035] Fach of the siems that can be assembled into the ong or more objocis 104

7

can be associated with one or more patterns that are embodied along a specific
axis that indicate a presence or absence of a specific mumber of the item. For
examyple, an item may be ernbodied with two occurrences of a specific patiem
along a specific axis. If the camera 106, the camera 187, and/or the camers 108

determing that the specific patiern only occurs twice along the specific axss then
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the conclusion can be drawn that only one of the ttem is present. However, if the
camera 186, the camera 107, and/or the camera 188 determine that the speaific
pattorn occurs along more thao one axis then the conclusion can be drawn that
more than one of the #em 1s present.

{0036} FIG, 3A and FIG, 3B llustrate an example image 380 and 363 of a tray
261 that comprises an tem 381 and an wem 382, The item 361 can be a vial and
the tem 382 can be a filter needle, for example. Whichever of the camera 146,
the camera 187, and/or the camern 198 that generates the image 3060 can
determine that a vial cap is present in the region 282, The presence of a single
vial cap indicates that the ttem 361 is present. The camera 106, the camera 187,
and/or the camera 168 that generates the wnage 308 can deternune that, 1o the
region 283, two occurrences of a pattern are present, “TEXT A” In an aspect,
the two oceurrences of the pattern, "TEXT A”, can indicate that a one or more
than one mstance of the itom 302 is prosent and the camera 1486, the camera 187,
and/or the camera 108 can generate a PASS or a FAIL signal as appropriate. In
another aspect, depending on pattern configaration on the tem 302 {e.g., a single
instance of the tem 382 can have either a single oecurrenee of “TEXT A7 ora
double occurrence of “TEXT A7) the camera 106, the camera 187, and/or the
camera 108 can determune whether “TEXT A” and "TEXT A” appear on the
same axis. H“TEXT A” and “TEXT A” appear on the same axis then the camera
186, the camera 107, and/or the camera 108 can determune that a single instance
of the tem 302 is present and the camera 186, the camera 187, and/or the camers
188 can generate a PASS or a FAIL signal as appropnate. f"TEXT A” and
“TEXT A” appear on different axes then the camera 186, the camera 187, and/or
the camera 108 can determine that a more than one mstance of the ttom 302 1s
present and the camera 106, the camera 187, and/or the camera 108 can generate
a PASS or a FAIL signal as appropriate. In an aspect, the determination of axes
can be used to confirm that any mumber of the item 382 are present and generate
a PASS or a FAIL signal based on the expected nuraber of instances of the ttem
302 versus the determined mumber of instances of the item 302

00374 FiG. 44 illustrates an example image 460 of the tray 281 that comprises
the rtem 381 and two instances of the tem 382, The camera 196, the camera 187,

and/or the camera 108 that generates the wmage 408 can determine that, 1o the
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region 283, three occurrences of a pattern are present, (“TEXT A™Y. In an aspect,
the three occurrences of the pattern, “TEXT A7 can wdicate that one or more
than one mstance of the tem 302 is present and the camera 166, the camera 147,
and/or the camera 108 can generate a PASS or a FAIL signal as approprate. In
ancther aspect, depending on pattern configuration on the Hem 382 {c.g., a single
instance of the item 302 can have a single accuwrrence of “TEXT A™, a double
occurrence of “TEXT A7, or a triple occurrence of “TEXT A”) the camera 106,
the camera 187, and/or the camera 108 can determune whether the three
occurrences of “TEXT A” appear on the same axis. As shown in FIG. 44, two
ocoarrences of “TEXT A” appear on the same axis and one occurrence of
“TEXT A” appears on a difforcot axis. Accordingly, the camera 186, the camera
187, and/or the camera 108 can determime that more than one mstance of the
rem 302 i1s present and the camera 106, the camera 167, and/or the camera 168
can generate a PASS or a FAIRL signal as appropriate. o an aspect, the
determination of axes can be used to continn that any number of the 1tem 302
are present and generate a PASS or a FAIL signal based on the expected number
of instances of the item 382 versus the determined number of 1nstances of the
e 362,

FI(. 48 iHustrates an example image 481 ot the tray 281 that comprises
the item 33, one instance of the item 382, and one instance of an Hem 482, In
one aspect, the camera 186, the camera 147, and/or the camera 108 that
generates the tmage 404 can determine that, 1o the region 203, two occurrences
of a first pattern are present, ("TEXT A”} and one occurrence of a second pattemn
is present, ("TEXT B™). In an aspect, the two ocourrences of the pattern, “TEXT
A" can indicate that one or more than one mstance of the #em 362 is present and
the camera 166, the camera 17, and/or the camera 108 can generate a PASS ora
FAIL signal as appropriate. In another aspect, depending on pattem
configuration on the item 302 {¢.g., a simgle instance of the tom 382 can have a
single occurrence of “THEXT A”, a double occurrence of “TEXT A”, or a triple
occurrence of “TEXT A7} the camera 186, the camera 187, and/or the camera
198 can deternune whether the two occurrences of "TEXT A™ appear on the
same axis. As shown in FIG. 48, the two occurrences of "TEXT A” appear on

the same axas. Accordingly, the camera 108, the camera 147, and/or the camera

is
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108 can determine that more one instance of the tom 302 1s present and the
camera 166, the camera 107, and/or the camera 188 can generate a PASS or a
FAIRL signal as appropriate. However, the one occurrence of the pattern “TEXT
B” can mdicate that an itero has been placed in the tray 201 that should notbe
the tray 281 at this stage in the assembly process. Accordingly, the camera 106,
the camera 167, and/or the camera 188 can generate a FAIL signal based on the
presence of a pattern that 1s not fntended to be prosent.

In another aspect, the camera 186, the camera 187, and/or the camera 168
that generates the image 400 can determine that the pattern “TEXT B” is present
and can ignore the presence of the pattern “TEXT A” {or any other pattem as
requited). In an aspect, the one occurrence of the pattern, “TEXT B” can indicaie
that one mstance of the rem 382 1s present and the camera 106, the camera 187,
and/or the camera 108 can generate a PASS signal.

FiG, 5A llustrates an example image 300 of the tray 281 that comprises
the ttem 301, the item 32, and a single mstance of an item 381, The camera
186, the camera 147, and/or the camera 168 that gencrates the image 580 can be
configured to ignore the vial cap in the region 282 and to ignore the presence of
the pattern “TEXT A” in the region 203, Instead, the camera 186, the camera
187, and/or the camera 108 that generates the 1mage 406 can determine that, in
the region 283, two cecurronces of another pattern are present, {"TEXT B7). In
an aspect, the two occurrences of the patfern, “TEXT B” can indicate that ctther
ong or more than one mstance of the tem 381 is present and the camera 106, the
camera 187, and/or the camera 108 can generate a PASS or a FAIL signal as
appropriate. In another aspect, depending on pattern configuration on the item
301 {c.g, a smgle instance of the wem 561 can have a single occurrence of
“TEXT B7, a double occurrence of “TEXT B”, or a triple occurrence of “TEXT
87} the camera 186, the camera 187, and/or the camera 1068 can determine
whether the two occurrences of “TEXT B” appear on the same axis. As shown in
FiG. 84, the two occurrences of “TEXT B” appear on the same axis,
Accordingly, the camera 106, the camera 107, and/or the camera 188 can
determine that one mstance of the o 581 is present and the camera 86, the
camera 187, and/or the camera 108 can generate a PASS ora FAIL sigoal as

appropriate. In an aspect, the determination of axes can be uvsed to contirm that
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any number of the itern 501 are present and generate a PASS or a FAIL signal
based on the expected mumber of mstances of the tem 381 versus the determined
nuntber of mstances of the tem S81. FIG. 58 ilustrates an example image 303
of the tray 281 that comprses the wem 381, the ttem 302, and a single mstance
of the item SG1. FIG. 5B 15 similar to FIG, SA with the exception that FIG, §B
tustrates that the pattermn “TEXT B” occurs twice along the same axis, however
at a different angle than the axis in FIG. 54,

FiG. 6A illustrates an example mmage 600 of the tray 201 that comprises
the tem 301 and two instances of the item 581, The camera 106, the camera 1847,
and/or the camera 108 that generates the tmage 689 can deterovine that, in the
region 283, four occurrences of a pattorn are present, “TEXT B”. o an aspect,
the four occurrences of the pattemn, “TEXT B” can indicate that one or more thag
one nstance of the item 361 is present and the camera 186, the camera 167,
and/or the camera 108 can generate a PASS or a FAIL signal as appropnate. In
another aspect, depending on pattern configuration on the tem 881 {e g, a single
instance of the item 581 can have a single occurrence of “TEXT B”, adouble
oceurrence of “TEXT B”, atriple occurrence of “TEXT B”, or a quadnuple
occurvence of “TEXT B”) the camera 1086, the camera 147, and/or the camera
148 can deternune the axes upon which the four occurrences of “TEXT B”
appear. As shown in FIG, SA, two sccurrences of “TEXT B appear on a first
axis and the other two occurrences of “TEXT B” appear on a second axis.
Accordingly, as the two sets of “TEXT B” appear on different axes, the camera
106, the camera 187, and/or the camera 108 can determine that more than one
instance of the item 501 15 present and the camera 166, the camera 187, and/or
the camera 108 can gencrate a PASS or a FAIL signal as appropriate. In an
aspect, the determimation of axes can be used to contirm that any number of the
ttem 501 are present and generate a PASS or a FAIL signal based on the
gxpected namber of instances of the item 581 versus the determuned number of
mstances of the ftem 561,

FIG. 68 iHostrates an example image 681 of the tray 281 that comprises
the rtem 361, the tom 362, and two insiances of the e 581 The camera 106,
the camcra 167, and/or the camera 198 that gonerates the image 661 can

determine that, in the region 283, three occurrences of a pattern are present,

Ju—
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“TEXT B”. Inan aspect, the three occurrences of the pattern, “TEXT B can
mdicate that one or more than one instance of the ttem 501 s present and the
camera 186, the camera 107, and/or the camera 198 can generate a PASS ora
FAIL signal as appropriate. In another aspect, depending on patiem
configaration on the item 861 {c.g., a smgle mstance of the item 501 can have a
single ooecurrence of “TEXT B”, a double occarrence of “TEXT B”, atriple
occurrence of “TEXT B, or a guadruple occurrence of “TEXT B”) the camera
186, the camera 107, and/or the camera 148 can determine the axes upon which
the three occurrences of “TEXT B” appear. As shown in FIG. 68, two
occurrences of "TEXT B” appear on a first axis and the one occurrence of
“TEXT B” appears on a second axis. Accordingly, as the two sets of “"TEXTB”
appear on different axes, the camera 106, the camera 187, and/or the camera 108
can determine that more than one instance of the item 581 is present and the
camcra 106, the camera 107, and/or the camera 108 can generaic a PASS or a
FATL signal as appropuate. In an aspect, the detervunation of axes can be used
to confirm that any number of the item 581 are present and generate a PASS ora
FAIL signal based on the expected number of instances of the ttem S# versus
the deternuned nurnber of instances of the wem 501

FIG. TA dlustrates an example wage 700 of the tray 201 that comprises
the ttem 331, the item 302, the tem 541, a single instance of an ftem 78, and a
single tastance of an tem 702, The camera 186, the camera 187, and/or the
camera 108 that generates the image 788 can be configured to ignore the vial cap
i the region 202 and to ignore the presence of the patterns “TEXT A” and
“TEXT B in the region 203, instead, the camera 186, the camera 1847, and/or
the camcra 168 that generates the tmage 788 can determine that, in the roegion
283, two occurrences of another patiern are present, ("TEXT D7), In an aspect,
the two occurrences of the pattern, “TEXT D7 can indicate that either one or
more than one instance of the item 761 15 present and the camera 106, the
camera 107, and/or the camera 108 can gencrate a PASS or a FAIL signal as
appropriate. In another aspect, depending on pattern configuration on the item
781 {c.g., a single mstance of the tem 781 can have a single occurrence of
“TEXT D7, a double occurrence of “TEXT B, or a tniple occurrence of “TEXT

¥} the camera 186, the camera 197, and/or the camera 188 can deternune



WO 2018/022546 PCT/US2017/043595

whether the two occurrences of “TEXT D7 appear on the same axis. As shown m
FIG. 74, the two occurrences of “TEXT B appear on the same axis.
Accordingly, the camera 106, the camera 167, and/or the camcera 108 can
determing that one mstance of the o 781 s present and the camera 106, the
camera 17, and/or the camera 108 can gencrate a PASS or a FAIL signal as
appropriate. In an aspect, the determination of axes can be vsed to confirm that
any rumber of the om 781 are present and gencrate a PASS or a FAIL signal
based on the expected number of instances of the tem 781 versus the deternined
number of imstances of the item 781 In the same tmage 708, the camera 186, the
camera 187, and/or the camera 188 can detormine that, in the region 284, two
occurrences of another patiom are present, (THEXT C7). In an aspect, the two
occurrences of the pattern, “TEXT {7 can indicate that etther one or more than
one nstance of the item 782 is present and the camera 186, the camera 167,
and/or the camera 108 can generate a PASS or a FAIL signal as appropnate. In
another aspect, depending on pattern configuration on the tem 782 (e g., a single
instance of the item 702 can have a single occurrence of “TEXT {7, a double
ocoarrence of “TEXT C7, or a triple occurrence of “TEXT C7) the camera 1686,
the camera 167, and/or the camera 188 can deternune whether the two
occurrences of “TEXT C7 appear on the same axis. As shown in FIG. 7A, the
two socurrences of “TEXT O appear on the same axis. Accordingly, the camera
186, the camera 147, and/or the camera 108 can determine that one instance of
the ttem 702 1s present and the camera 106, the camera 187, and/or the camera
108 can generate a PASS or a FAIL signal as appropniate. In an aspect, the
determination of axes can be used to confinm that any number of the e 782
are present and generate a PASS or a FAIL sigunal based on the expected number
of mstances of the item 782 versus the determimed number of instances of the
tem 702, FIG, 7B dlustrates an example image 783 of the tray 281 that
comprises the item 301, the gem 362, the itom 561, a single mstance of the item
701, and a single instance of the item 782, FIG. 7B is similar to FIG. 7A with
the exception that FIG. 78 illustrates that the pattern “TEXT B” occurs twice
along the same axis, however at a different angle than the axis in FIG, TA and
stouilarly the pattern “THXT C7 occurs twice along the same axis, howeverata

different angle than the axis m FIG. TA.
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FiG. 8A illustrates an example mmage 800 of the tray 201 that comprises
the iem 3061, the ttom 302, the ttem 561, two mstances of the tem 761, and a
single mstance of the tem 702, The camera 106, the camera 187, and/or the
camera 108 that generates the image 808 can determine that, in the region 203,
three occurrences of a pattern are present, “TEXT D7, In an aspect, the three
pocurrenees of the pattern, “TEXT 17 can indicate that one or more than one
mstance of the item 701 15 present and the camera 106, the camera 187, and/or
the camera 108 can generate a PASS or a FAIL signal as appropriate. In ancther
aspect, depending on pattern configuration on the item 781 {c.g., a single
instance of the item 781 can have a single ocourrence of “TEXT B, a double
occurrence of “TEXT B, a triple occwrrence of “TEXT D7, or a guadruple
occurrence of “TEXT D7) the camera 106, the camoera 167, and/or the camera
198 can determine the axes upon which the three ocourrences of “TEXT D7
appear. As shown in FiG, 8A, two occurrences of “THXT D7 appear on a fust
axis and the one occurrence of “TEXT D7 appears on a second axis,
Accordingly, as the two sets of “TEXT D7 appear on diffcrent axes, the camera
106, the camera 187, and/or the camera 168 can determine that more than one
mstance of the tem 761 is present and the camera 186, the camera 167, and/or
the camera 168 can generate a PASS or a FAIL signal as appropriate. In an
aspect, the determination of axes can be used to confirm that any number of the
ttem 781 are present and generate a PASS or a FAIL signal based on the
expected mumber of mstances of the ttem 781 versus the deterouned number of
mstances of the ttem 781 FIG. 8B is similar to FIG, 8A with the exception that
FiG. 8B illustrates that the pattern “TEXT D7 occurs twice along a first axis and
once along a sccond axis, however the first and second axes arc at different
angles than the axes 1o FIG. AL

Returning to FIG. 1, each of the camera 186, the camera 107, and the
camera 108 can independently determiine both the preseunce or the absence of one
o more patterns in an image and detcoming a rotation of cach the one or more
patterns m the image of an object 184, Each of the camera 106, the camera 187,
and the camera 188 can perform an action based on the presence or absence and
the rotation of the one or more patterns n the image. If a camera determines that

a correct mumber of an 1fem 15 present in the image of an object 16844 based on
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presence of pattern and rotation of the pattern, the action can comprise
transmitting a PASS signal to the pass/fal controller $13. If the camera
determines that an incorrect number of an Hew 15 present n the mmage of an
obicct 104 based on presence of patiem and rotation of the pattern, the action can
comprise transmtting a FAIL signal to the pass/fail controller 113, If each of the
camera 186, the camera 107, and/or the camera 168 issucs a PASS signal fo the
pass/fail controlier 113, then the pass/fail controlier 113 can provide a signal to
the PLC 112 to cause the stepper motor 188 to advance the convevor belt 161 1o
advance the one or more objects 184 (o be positioned under the field of view of
the next camera. The pass/fail controller $13 can further transmit a potification
o cach of the monitors 114-116 to display a PASS notification. If one or more of
the camera 166, the camera 107, and/or the camera 108 issues a FAIL signal o
the pass/fail controlier 113, the pass/fail controlier 113 will not provide a signal
to the PLC 112 to cause the stepper motor 105 to advance. The pass/fail
controtier 113 can further transmut 3 notification 1o the monttors 114-116
associated with the camera{s) issuing the FAIL signal to display a FAIL
notification. An operator {¢.g., a human or a robot) positioned at the monitors
114-116 displaying the FAIL notification can take corrective action to romedy
the FATL status.

[0046] In another aspect, one or morg of the camera 106, the camera 167, and
the camera 108 can count a number of the one or more objects 164, For example,
a the one or more objects 184 pass by one of the camera 106, the camera 1847,
and the camera 108, the camera can ingrement a tally of the one or more ohyects
164 mmaged by the camera. In a further aspect, a number of empty locations can
be interspersed between the one or more objects 184, For example, in cortain
scenarios one or more of the camera 106, the camera 147, and the camera 168
may not have an objoct 164 within a respective fichd of view. The conveyor belt
161 can have a pattern (e.g., a “no tray” pattern} embodied thereon in a position
where the object 104 would otherwise be placed. The camera 106, the camera
167, and the camera 188 can identify the pattemn and 1ssue a PASS signal to
contribute to advancement of the conveyor belt 161,

[0047] FIG, 9 ilustrates an example erabodiment of the systent 108 dlustrating

positioning of camera 106, the camera 187, and the camera 188 relative to the
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conveyor belt 181, FIG. 9 further llustrates posttioning of the monttors 114-
116, The stepper motor 108 is illustrated at one end of the conveyor belt 161,
One or more of the PLC 112 and/or the pass/fail controller 113 can be contained
with a housing 981, One or more dispensers 982 can be configured for storing
one or more tems (o be accessed during assembly into the one or more objects
§84. The system 184 can comaprise onc or more emergency stop {(“E-Stop™)
buttons 543, The E-Stop buttons 903 can be cngaged at any pount in time to
temporanly cease operation of the systern 100, for any reason. The E-Stop
buttons 963 can be reset, and the svstem 188 restaried (e.g., by an operator or
technician that has determined that it is safe to do so}. The system 166 can
comprise one or more OptoSwitches 984, The OptoSwitches 904 can be actuated
(tripped™) by placing a finger or thumb 1n the saddle-like structure of the
OptoSwitch 984, This action breaks an optical signal path, causing a switch
condition. The Optodwitches 904 can be used to accept a visual inspection
during “Manuval Trigger” mode, and start/restart the belt moton durimg
“Autonomouns” {or “Auto” mode.

[0048] The system 108 can comprise a key switch mochanism 985, The key
switch mechanism 985 can be used to toggle between an “Autonomous” Mode
and “Manual Trigger” Mode. Under normal operation, regardless of mode, a first
operator station can comprise an operator loading frays onto the conveyor belt
161, In an aspect, these trays can be pre-fitted with a prefilled capped vial In
manual trigger wode, at a second operator station, an operator can load a filter
needle tip into the tray. After this operation, the camera 106 inspects the tray for
the appropriate ttems. At a third operator station, an injection needle tip can be
added to the trav. Then, the camera 147 mspects the tray for appropuate items.
At a fourth operator siation, an operaior loads an ermpty bhister-packed svringe
mio the tray. Afterwards, a fifth operator loads a Physician Insert {(PI} into the
tray. After the Pl s loaded, the camera 108 inspocts the tray for completed
Ioadmg. Once the tray passes thig last station, the fully populated tray exits the
convevor belt 181 for boxang.

{00493 In antomated mode, trays are moved down the conveyor belt 181
automatically. The svstem 188 can maimtain a dwell time {c.g., 1-5 seconds)

before the conveyor belt 181 shifis to the next position. The shift occurs only
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when all three jnspection cameras {¢.g., the camera 106, the camera 167, and the

camera 168} clear the tray (“Pass™) that 1s being mspected by a respective
camgra. An issue at any nspection station can result in a the convevor belt 181
and a “red bight” condition {“Fail”}, at which point an operator can correct the
ssue or pull the tray from the convevor belt 181 {each camera can allow the
conveyor belt 181 to advance when there s no tray in its field of view). The
advancement of the conveyor belt 183 can be dependent on all cameras detecting
a “passing’ tray configuration. A display screen {e.g., the monitors 114-116) at
cach camera station ¢an display the associated camera’s video stream, with
overlaid “Pass”, “Fall”, or “No Job” statuses depending on the inspection resuits.
Camera onling status can be reset from the monitors 114-116 f required during
operation,

In an aspect, illustrated in FIG. 18, a method 1008 is disclosed
comprising obtaining a first image of a tray at 1818, The method 1608 can
comprise determoiung a presenes or absence of one or more Srst patterns i the
first image at 1828 The one or more first patterns can comprise text patierns,
numeric patterns, svmbol patterns, and combinations thereof. The method 1608
can comprise deterrainng a rotation of cach the one or more first patterns in the
first tmage at 1038, The method 1808 can comprise performing an action based
on the presence or absence and the rotation of the one or more first paiterns in
the first image at 1848, In an aspect, cach step of the method 1006 can be
performed by a computimg device, a camera {with processmg functionality), ora
combination thereof, In some aspect, multiple computing devices and/or cameras
can be employed to perform the method 1884, For example, multiple cameras
can be used wherein a first camera can perform steps 1016, 1028, and step 1838
while a second camera performs step 1848, In another aspect, the method 1088
can be repeated at cach of several cameras and/or computing devices as a tray
procecds along an asseuibly line. For example, steps 10106, 1620, 1030, and 1046
can be performed by a first camera for a specific pattern{s), then steps 1010,
1026, 1030, and 1040 can be performed agam by a second camera for another
specific pattern{s). Still further, one or more sub-steps described heretn can be
performed by a designated camera and/or computing device.

Deterouning a presence or absence of one or more first patiems n the
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first image can comprise determining presence of one or two of the one or more
first patterns and wherein determuning a rotation of cach the one or more first
pattoros in the first image can comprise determining that the one or two of the
one or more first patiems are on a first axis. Performmg an action based on the
presence or absence and the rotation of the one or more first patterns in the first
111age can comprise genorating a pass inspection signal and advancing a belt
having the tray disposed thereon. Determining a presence o7 absence of one or
more first patterns in the first image can comprise deferminung presence of three
or more of the one or more first patterns. Performing an action based on the
presence or absence and the rotation of the one or more first patterns in the first
HTIAZS Can comprise generating a fail inspection signal and notdying an operator
that a first item associated with the one or more first patterns should be removed
from the tray. Determining a presence or absence of one or more first pattorns in
the first image can comprise determinung presence of two of the one or more first
patterns and wherein determining a rotation of each the one or more first patterns
i the first image can comprise determimng that the two of the one or more first
patterns are not on a same axis. Performing an action based on the presence or
absence and the rotation of the one or more first patierns in the first tmage can
coroprise generating a fail inspection signal and notifying an operator that a first
rem associated with the one or more first pattems should be removed from the
fray.

The method 1808 can further comprise obtaining a second image of the
tray, determining a presence or absence of one or more second patterns i the
second image, determining a rotation of gach the ong or more second patterns in
the sccond tmage. and performing an action based on the presence or absence
and the rotation of the one or more second patterns in the second image. The ong
or more second patterns can comprise toxt pattemns, numeric pattems, symbol
paticms, and combinations thereof. Determining a presence or absence of one or
more second patterns n the second mmage can comprise detenmining presence of
one or two of the one or more second patterns and wherein determining a
rotation of each the one or more second patterns in the second tmage can
coraprise determining that the one or two of the one or more sceond patiermns are

on a sccond axis. Perfornung an action based on the presence or absence and the
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rotation of the one or more second patierns 1 the second tmage can comprise
generaling a pass inspection signal and advancing a belt having the tray disposed
thercon. Dcternuning a presence or absence of one or more sccond patterns in
the second tmage can comprise deterrining presence of three or more of the one
or more second patterns. Performing an action based on the presence or absence
and the rotation of the one or more second pattems in the second tmage can
comprise generafing a fail inspection signal and notifving an operator that a
second Heom associated with the one or more second patterns should be removed
from the tray. Betermining a presence or absence of one or more second pattems
in the second image can comprise defermining presence of two of the one or
more second pattemns and wheretn deterouning a rotation of cach the one or more
second patierns in the sccond image can comprise determining that the two of
the one or more sccond patierns are not on a same axis. Performing an action
based on the presence or absence and the rotation of the one or more second
patioms m the second image can comprise generating a fail jnspection signal and
notifying an operator that a sccond item associated with the one or more second
patterns should be removed from the tray.

The method 1068 can further comprise determining a location of a cleat
m the fivst image, comparing the determuned location of the cleat in the first
1mage to a reference focation, determining that the determined focation is
different from the reforence location, determining an offset based on the
difference between the detormined location and the reference location, and
transmitting a signal to a belt controller to adjust a distance to advance a belt
having the tray disposed thercon by the offset. The offset can be onc of a
nogative value, a positive value, or a zero value. In an aspect, determining the
offset based on the difference between the determined location and the reference
location, and transmitting the signal to the belt controller to adjust the distance to
advance the belt baviog the trav disposed thercon by the offset can be performed
by one or more cameras. For example, a smgle camera can be designated to
determine the offset. The offsct determination can be made after each movement
of the belt.

The method 1008 can further comprise repeatedly obtaining a fust image

of a tray, determining a presence or absence of one or more first patterns in the
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first image, determining a votation of cach the one or more tirst pattemns in the

first image, and performing an action based on the presence or absence and the
rotation of the one or more fust patierns n the first image for each of a pluraluy
of trays.

The method 1808 can further comprise counting a number of the plurality
of trays, wherein a number of empty tray locations are interspersed between the
plurality of travs. The method 1604 can further comprise counting a mumber of
the empty tray locations. Determinung the presence or absence of one or more
first patterns n the first image can comprise determining a no tray patter.
Performing the action based on the presence or absence and the rotation of the
one or more second patterms in the first image can comprise advancing a belt
having the no tray pattern disposed thereon.

In an exemplary aspect, the methods and systems can be mmplemented on
a computer 1101 as illustrated in FIG, 11 and described below. By way of
example, the camera 186, the camera 187, the camera 188, the PLC 112, and/or
the pass/fail controller 113 {or a component thereof) of FIG, T canbe a
computer 1101 as tllustrated m FIG. 31, Similarly, the methods and systoms
disciosed can utilize one or more compuiers to perform one or more functions 1
one or more locations. FIG. 2 is a block diagram illustrating an exemplary
operating eovironment 1188 for performing the disclosed methods. This
exemplary operating environment 1108 1s only an example of an operating
environment and 18 not imtended to suggest any limitation as 1o the scope of use
or functionality of operating enviromwment architectore. Neither should the
operating cnviromment 1168 be imterpreted as having any dependency or
requiternent relating to any one or combination of components tlustrated n the
exemplary operating environment 11068,

The present methods and systems can be operational with mumerous
other general purpose or special purpose computing svstem environments or
configurations. Hxamples of well known computing sysiems, environments,
and/or configurations that can be suitable for use with the svstoms and methods
compnse, but are not imited 1o, personal computers, server computers, laptop
devices, and mubtiprocessor systoms. Additional examples comprise set top

boxes, programmable consumer electromes, network PCs, programmable Togic
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controliers (PLCs), nunicomputers, mamnframe computers, disiributed computing
envirgnmenis that comprise any of the above systems or devices, and the like.

The processing of the disclosed methods and systems can be performed
by sofiware components. The disclosed systems and methods can be describe
m the general context of computer-executable mstractions, such as program
modules, being execuied by one or more computers or other devices. Generally,
program modules comprise computer code, routings, programs, objects,
components, data structures, and/or the hike that perform particular tasks or
mmplement particalar abstract data types. The disclosed methods can also be
practiced m grid-based and distributed computing environments where tasks arg
performed by remote processing devices that are hmked through a
coromuntcations network. In a distributed computing cnvironment, program
modules can be located 1n focal and/or remote computer storage media including
memory sforage devices.

Further, one skilled i the art will appreciate that the systems and
methods disclosed herein can be implemented via a general-purpose compoting
device  the form of a computer 1181, The computer 1181 can comprise one or
more components, such as one or more processors 113, a svstem memory 1112,
and a bus 1113 that couples various components of the computer 1101 including
the one or more processors 1183 to the system memory §112. In the case of
multiplc processors 1183, the sysien can utilize paraliel computing.

The bus 1113 can comprise one or move of several possible types of bus
struchures, such as 8 memory bus, memory controller, a peripheral bus, an
accelerated graphics port, and a processor or local bus using any of a variety of
bus architecturcs. The bus 1113, and all buses specified in thug description can
also be implerented over a wired or wireless network connection.

The computer 1181 typically comprises a variety of compater readable
media. Exemplary readable media can be any available media that is accessible
by the computer 1181 and comprises, for example and not meant to be limifing,
both volatile and non-volatile media, removable and non-removable media. The
system memory 13112 can comprise computer readabic media in the form of
volatile memory, such as random access memory {RAM), and/or non-volatile

memory, such as read only memory {(ROM}. The svstern memory 1112 typically

o
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can comprise data such as image analysis data Y187 and/or program modules
such as operating svstem 1183 and tmage analysis software 1106 that arg
accessible to and/or arc operated on by the one or more processors 1133,

In another aspect, the computer 1161 can also comprise other
removable/non-removabie, volattie/mon~volatile computer storage media. The
mass storage device 1184 can provide non-volatile storage of computer code,
computer readable instructions, data structures, program modules, and other data
for the corputer 1181, For example, a roass storage device 1104 can be a hard
disk, a removable magnetic disk, a removabie optical disk, magnetic cassettes or
other magnetic storage devices, flash memory cards, CB-ROM, digital versatile
disks {3V D)} or other optical storage, random access memories {(RAM}, read
only memorics {(ROM), clectnically erasable programmable read-only memory
(EEPROM}, and the like.

Optionally, any nurober of program modules can be stored on the mass
storage device 1184, mcluding by way of example, an operating systom 1168
and image analysis software 1106, (ne or more of the operating systern 1183
and image analysis software 1106 {or some combination thereof} can comprise
clements of the prograraming and the image analvsis software 1106, Image
analysis data 1187 can also be stored on the mass storage device 1164, Image
analvsis data 1167 can be stored in any of one or more databases known in the
art. Examples of such databases comprise, DB2®, Microsoft® Access,
Microsoft® SQL Server, Oracle®, mySQL, PostgreSQL, and the tike. The
databases can be centralized or distributed across multiple locations within the
network 1115

in another aspect, the user can enter commands and wformation mto the
coroputer 1181 via an mput device (not shown). Examples of such mput devices
gomprise, but are not limited to, a kevboard, pointing device {e.g., a computer
mouse, remote contral}, a microphone, a joystick, a scanner, touch-enabled
devices such as a touchscreen, tactile input devices such as gloves and other
body coverings, motion sensors, and the ke, These and other input devices can
be connected to the ong or more processors 1183 via a human machine mterface
1182 that 15 coupled to the bus 1113, but can be connected by other interface and

bus structures, such as, but not hmited to, a parallel port, game port, an IEEE
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1394 Port (also known as a Firewire port}, a serial port, network adapter 1108,
and/or a amversal serial bus (USB).

n yet another aspect, a display device 1111 can also be connecied to the
bus 1113 via aninterface, such as a display adapter 1109, It 15 contemplated that
the computer 1181 can have more than one display adapter 1189 and the
computer 1161 can have more than one display device 1111, For exanpie, a
display deviee 1111 can be a monitor, an LUD (Liqud Crystal Display), hight
emittimg diode (LEDY) display, television, smart lens, smart glass, and/ ora
projector. In addition to the display device 1111, other cutput peripheral devices
can comprise components such as speakers {not showa} and a priater (not
shown} which can be comected to the computer 1181 via loput/Cutput Interface
1110, Any step and/or result of the methods can be output m any form 1o an
ouiput device. Such cutput can be any form of visual representation, including,
but not lumited to, toxtual, graphical, animation, audio, tactide, and the like. The
display 1111 and computer 1181 can be part of one device, or separate devices.

In an aspect, the computer 1181 can be coupled to the system 106 via the
Toput/Cutput fnterface 1118, The computer 1381 can be configured to moniior
and store data. The computer 1181 can be configured o store images acquired
bv cameras connecied to the system 108, store data related to pass/ful statistics
generated doring systom-generated mspections, ¢t¢. The computer 1181 can also
be used as a programnung mierface 1o one or more smart devices {¢.g., smart
cameras’ and/or embedded logic controllers that require customized firmware o
operate. The computer 1181 can be used to generate, troubleshoot, upload, and
store iterations of this software or ficmware.

The computer 1191 can operate in a networked environment using
logical connections to one or more remote computing devices 1114ab,e. By
way of example, a remote computing device 1114ab,¢ can be a personal
computer, computmg station (o.g.. workstation), portable computer {¢.g., laptop.
maobile phone, tablet device), smart device {e.g., smartphone, smart watch,
activity tracker, smart apparel, smart accessory), security and/or monitoring
device, a scrver, a rouler, a network computer, a pecr device, edge device or
other common network node, and so on. Logical comnections between the

coraputer 1181 and a remote computing device 11i4abecanbemade vina
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network 1118, such as a local arca network (LAN) and/or a general wide area
network {WAN]}. Such network connections can be throagh a network adapter
1108, A network adapter 1108 can be tmplemented in both wired and wireless
environments. Such networking environments are conventional and
commonplace i dwellings, offices, enterprise-wide computer networks,
ntrancts, and the Internet. In an aspect, the network adapter 11808 can be
configured to provide power 1o one or more connected devices {€.g., a camera).
For example, the network adapter 1108 can adhere to the Power-over-Ethernet
{Pok) standard or the like.

For purposes of illustration, apphication programs and other exccutable
program components such as the operating systom 1185 are iHlustrated herein as
discrete blocks, although it 1s recognized that such programs and compounenis
can reside at various times in different storage componenis of the computing
deviee 1101, and are executed by the one or more processors 11843 of the
computer 1101, An ueplementation of image analysis software 1106 can be
stored on or transmtted across some form of computer readable media. Any of
the disclosed methods can be performed by computer readable mstructions
embodicd on computer readable media. Computer readable media can be any
available media that can be accessed by a computer. By way of examaple and not
meant to be linitiog, computer readable media can comprise “computer storage
media” and “communications media.” “Computer storage media” can comprise
volatile and non-volatile, removable and non-removable media mmplemented m
any methods or technology for storage of information such as computer readable
mstructions, data structures, program modides, or other data. Exemplary
corapirier storage media can comprise RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks (DVD) or other
optical storage, magnetic casseties, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which can be used to store the
desired mformation and which can be accessed by a computer.

The methods and systems can employ artificial intelligence (AD
techmiques such as machine learning and terative learning. Examples of such
techniques include, but are not hinuted to, expert systems, case based reasoning,

Bayesian networks, behavior based Al neural networks, fuzzy systems,
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evolutionary computation {e.g. genetic algonthms), swam ntellhigence {e.g. ant
algorithms}, and hybnd ntelligent systems {e.g. Expert inference rules gonerated
through a neural network or production rules from statistical learning).

{0070} The disclosed methods and systems were implemented, tested, and
results compared with a standard manual-only, operator-driven assembly fine
process. The folowing table tndicates the disclosed methods and systems

outperform the standard mannal-onlv, operator-driven assembly line process:

Assernbly Line with
Standard, Inteprated
Manual-Only Electronic Visual
Process Inspection Difference
Line Rate i 20 5
{units/min)
{Operators on - R )
Line {(people) 25 22 {3.00)
Labor cost per $0.46 $0.23 (56.23)
carton X
Labor Cost @ oy - . .
$10,633 .03 $5,343 44 ($5,289.59
812/ hone $10,633.03 $5,343.44 {$5,289.59)
(Overhead @ - . y
e $106.33 866,72 (§45.61
$3hour $106.3 86 {$45.61)
{Cost per Lot $10.739.36 $3.404 16 ($5,335.28)
Caost per year
(Based on §385,048.98 §192,50286 | (3192,546.12)
83?’{}63 13‘5}3*‘5 DO S LD AL Loyt NS Lo O % - ¥ g <
inn a year}
(0071} While the methods and systems have been descrnibed i connection with

preferred embodiments and spectfic examples, it 18 not imtended that the scope be
hinuted to the particular erobodiments set forth, as the embodiments herein are
miended n all respects to be llustrative rather than restrictive.

{0072} Unless otherwise expressly stated, 118 in no way mtended that any
method set forth herein be construed as requiring that its steps be performed ina
specific order. Accordingly, where a method claim does not actually recite an
order to be followed by its steps or it 18 not otherwise specifically stated in the
claims or descriptions that the steps are to be limited to a specific order, it is no
way intended that an order be inforred, 1 any respect. This holds for any

possible non-express basis for interpretation, including: matiers of logic with
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respect to arrangement of steps or operational flow, plain meaning derved from
grammatical organization or panctuation; the number or type of emnbodiments
deseribed 1 the specification.

it will be apparent to those skilled in the ant that various modifications
and varations can be made without departing from the scope or spirit. Other
embodiments will be apparent to those skilled in the art from constderation of
the specification and practice disclosed herern. It 15 mntended that the
specification and examples be considered as exemplary only, with a true scope

and spirit being mdicated by the following claims.

[V ]
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CLAIMS

1. A system comprising:
a belt;
a plurality of imagers, each configured to:
obtain an image of its respective field of view,
analyze the image to determine a quantity and/or orientation of one or more items
within its respective field of view, and
generate a pass inspection signal or a fail inspection signal, based on the quantity
and/or orientation of the one or more items within its respective field of view;
wherein at least one of the plurality of imagers is further configured to
count a number of a plurality of trays disposed on the belt, wherein a number of
empty tray locations are interspersed between the plurality of trays; and
a processor, coupled to each of the plurality of imagers, configured to,
receive the pass inspection signal or the fail inspection signal, and

advance the belt based on receiving a pass inspection signal from each of the plurality of

imagers.
2. The system of claim 1, wherein the one or more items comprise one or more first
patterns.
3. The system of claim 2, wherein the one or more first patterns comprise text patterns,

numeric patterns, symbol patterns, or combinations thereof.
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4. The system of claim 2, wherein, to determine a quantity and/or orientation of the one or
more items, at least one of the plurality of imagers is further configured to:

determine presence of two of the one or more first patterns within its respective field of
view; and

determine that the two of the one or more first patterns are not aligned on a same axis

within its respective field of view.

5. A system comprising:
a belt;
a plurality of imagers, each configured to:
obtain an image of its respective field of view,
analyze the image to determine a quantity and/or orientation of one or more items
within its respective field of view, and
generate a pass inspection signal or a fail inspection signal, based on the quantity
and/or orientation of the one or more items within its respective field of
view;
wherein at least one of the plurality of imagers is further configured to:
determine a location of a cleat within its respective field of view;
compare the determined location of the cleat within its respective field of view to
a reference location;
determine that the determined location is different from the reference location;
determine an offset based on the difference between the determined location and

the reference location; and

34



transmit a signal to the processor to adjust a distance to move the belt by the
offset; and
a processor, coupled to each of the plurality of imagers, configured to,
receive the pass inspection signal or the fail inspection signal, and
advance the belt based on receiving_a pass inspection signal from each of the

plurality of imagers.

6. The system of claim 1, wherein at least one of the plurality of imagers is further

configured to count a number of the empty tray locations.

7. The system of claim 2, wherein at least one of the plurality of imagers is further
configured to determine that the one or more first patterns in the image comprises a no tray

pattern.

8. The system of claim 1, wherein the controller is configured to advance the belt only after

receiving a pass inspection signal from each of the plurality of imagers.

9. The system of claim 1, wherein each of the plurality of imagers is configured to generate

a pass inspection signal or a fail inspection signal, based on the quantity and/or orientation of the

one or more items determined while the belt is stationary.
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10.  The system of claim 1, wherein the field of view of each of the plurality of imagers, at
any given time, encompasses different portions of the belt than is present in each other field of

view.

11. The system of claim 5, wherein:
the belt includes a plurality of cleats spaced apart from one another;
a length of each cleat is substantially perpendicular to a length of the belt; and

one or more of the fields of view are located between adjacent cleats of the plurality of cleats.

12.  The system of claim 3, wherein at least one of the imagers is configured to:
determine whether multiple instances of the text patterns, numeric patterns,
symbol patterns, or combinations thereof, are aligned along a same axis, and
generate the pass inspection signal or fail inspection signal based on the

determination.

13.  The system of claim 1, wherein the one or more items includes one or more of a syringe,

a syringe needle, or an auto-injector.

14.  The system of claim 1, wherein the processor is configured to withhold sending a signal

that advances the belt based on receiving a fail inspection signal from at least one of the plurality

of imagers.
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