SYSTEMS AND METHODS FOR AUTOMATED
WELDING

BACKGROUND

[0001] The subject matter disclosed herein eslagenerally to an
automated welding system and, more particularlyartcautomated welding system that
takes data of an object, such as one or more imafgds object, to generate control

instructions for welding the object.

[0002] At least some known welding systems arefigured to use a
welding tool, such as an arc welding tool, to wafdobject. In some of these systems,
the object is an airfoil, which is selected foragmfter the airfoil has been in operation
within an aircraft engine for some amount of timBuring operation, the airfoil may
sustain wear, which may adversely affect its penorce. For example, cracks or blade
tip abrasion may occur in the airfoil, which mayeat the cooling circuits of the blade
and/or the aerodynamic performance. A welding toal be used to repair these cracks
and to rebuild the blade tip.

[0003] Many known welding systems, particularfyrfoil welding
systems, are not fully automated. Such systemsprajuce an excess of process scrap
and are frequently inefficient, because welderstnigstrained and re-trained on the

welding equipment.
BRIEF DESCRIPTION

[0004] In one aspect, an automated welding syste provided. The
automated welding system includes a mounting piatfconfigured to receive an object,
a welding tool, an imaging device configured to wape at least one image associated
with the object, and a controller. The controikeconfigured to receive the at least one
acquired image, analyze at least one pixel in theast one acquired image, identify,
based upon the analyzing, an area to be weldethi@nat least one acquired image,

wherein the area to be welded includes a defedtganerate, based upon the identifying,



control instructions for controlling at least onfetlee mounting platform and the welding

tool to weld the area to be welded.

[0005] In some embodiments, the controller isthier configured to
analyze a plurality of pixels in the at least owguared image to identify a predefined
pattern. In addition, in some embodiments, thetrotler is configured to analyze
grayscale data associated with the plurality oklsixXo identify the predefined pattern.
Further, in some embodiments, the controller isfigored to designate the predefined
pattern as an area to be excluded from weldingthEustill, in some embodiments, the
controller is configured to analyze a pluralitypxels in the at least one acquired image
to identify a non-predefined pattern. Moreoversome embodiments, the controller is
configured to analyze grayscale data associatddtiv plurality of pixels to identify the
non-predefined pattern. In addition, in some ennedts, the controller is configured to
designate the non-predefined pattern as the area weelded. In some embodiments, the
automated welding system includes a structure gordd to receive and secure the
object, wherein the structure includes at least @na heating apparatus, an insulating
material, a viewing window, and a temperature sensdn addition, in some
embodiments, the controller is configured to get@eaacontrol instruction for controlling
a heating apparatus operable to control an intéemaperature of the structure, wherein
the control instruction may include an instructtormaintain the internal temperature of

the structure at a predetermined temperature range.

[0006] In another aspect, an article of manufectis provided. The
article of manufacture includes a non-transitogngible, computer readable storage
medium having instructions stored thereon thatesponse to execution by a controller
configured for providing control instructions tolaast one of a mounting platform and a
welding tool, cause the controller to perform ofierss including receiving, by the
controller, at least one acquired image of an dhjeceived on the mounting platform,
analyzing, by the controller, at least one pixeltie at least one acquired image,
identifying, by the controller and based upon thalgring, an area to be welded in the at
least one acquired image, wherein the area to beedeincludes a defect, and

generating, by the controller and based upon tleatiying, control instructions for



controlling at least one of the mounting platforndahe welding tool to weld the area to

be welded.

[0007] In some embodiments, the control instang further cause the
controller to perform operations including analygirby the controller, a plurality of
pixels in the at least one acquired image to iflematipredefined pattern. In addition, in
some embodiments, the control instructions furtbeuse the controller to perform
operations including analyzing, by the controllgrayscale data associated with the
plurality of pixels to identify the predefined patt. Further, in some embodiments, the
control instructions further cause the controller perform operations including
designating, by the controller, the predefined grattas an area to be excluded from
welding. In addition, in some embodiments, thetaninstructions further cause the
controller to perform operations including analyggirby the controller, a plurality of
pixels in the at least one acquired image to ifeatinon-predefined pattern. Further, in
some embodiments, the control instructions furtbeuse the controller to perform
operations including analyzing, by the controllgrayscale data associated with the
plurality of pixels to identify the non-predefinepattern. In addition, in some
embodiments, the control instructions further cathgecontroller to perform operations
including designating, by the controller, the naedgefined pattern as the area to be

welded.

[0008] In yet another aspect, a method for dpayaa welding system is
provided. The method includes receiving, by a mder configured to control the
welding system, at least one acquired image oftgect analyzing, by the controller, at
least one pixel in the at least one acquired imaigatifying, by the controller and based
upon the analyzing, an area to be welded in tHeast one acquired image, wherein the
area to be welded includes a defect, and generdtinthe controller and based upon the
identifying, control instructions for controllingt deast one of a mounting platform

configured to receive the object and a welding toaleld the area to be welded.

[0009] In some embodiments, the method furtheludes analyzing, by

the controller, a plurality of pixels in the at $aone acquired image to identify a



predefined pattern, and designating, by the ctiatrahe predefined pattern as an area to
be excluded from welding. Further, in some embedits, the method includes
analyzing, by the controller, a plurality of pixals the at least one acquired image to
identify a non- predefined pattern, and designatiygthe controller, the non-predefined

pattern as an area to be excluded from welding.
DRAWINGS

[0010] These and other features, aspects, anahtatjes of the present
disclosure will become better understood when titlewing detailed description is read
with reference to the accompanying drawings in Witike characters represent like parts

throughout the drawings, wherein:

[0011] FIG. 1 is a schematic view of an exemplantomated welding

system;

[0012] FIG. 2 is a flowchart illustrating an emplary process for

repairing an object using the automated weldingesyshown in FIG. 1; and

[0013] FIG. 3 is a schematic view of an exemplaeries of object
images compiled to form a panoramic view of theeobusing the automated welding

system shown in FIG. 1.

[0014] Unless otherwise indicated, the drawimpgevided herein are
meant to illustrate features of embodiments ofdiselosure. These features are believed
to be applicable in a wide variety of systems casipg one or more embodiments of the
disclosure. As such, the drawings are not mearntdtude all conventional features
known by those of ordinary skill in the art to bequired for the practice of the

embodiments disclosed herein.
DETAILED DESCRIPTION

[0015] In the following specification and theaiths, reference will be

made to a number of terms, which shall be defiodubt/e the following meanings.



[0016] The singular forms “a”, “an”, and “theridlude plural references

unless the context clearly dictates otherwise.

[0017] *“Optional” or “optionally” means that trseibsequently described
event or circumstance may or may not occur, andtbieadescription includes instances

where the event occurs and instances where itmuates

[0018] Embodiments of the present disclosurateeto an automated
welding system. The system generally includesracttre, such as a welding box, a
welding tool, an imaging device, a controller, anthounting platform. In operation, an
object, such as an airfoil, is secured on the mognplatform and placed within the
structure. The object is rotated and/or translaedhe mounting platform through one
or more inspection positions. At each inspectiosifon, the imaging device acquires
data, such as one or more images for the objedttransmits the acquired data to the

controller.

[0019] The controller receives the acquired d@ay., a plurality of
acquired images), and, in some embodiments, ge&seagpanoramic image of the object
based upon at least some of the acquired imaghs. cantroller analyzes a plurality of
pixels in the acquired images and/or the panoramage to identify a predefined pattern
and/or a non-predefined pattern, such as, for elgnyased upon a comparison of the
pattern formed by the plurality of pixels to a detse or library of predefined patterns. |If
the pattern formed by the plurality of pixels masta predefined pattern, the controller
may determine that the plurality of pixels are assted with an as-built feature, which
should be excluded from welding operations. Iftlom other hand, the pattern formed by
the plurality of pixels does not match a predefipattern, the controller may determine
that the plurality of pixels are associated withara to be welded, such as a defect,

which may, in some cases, include a crack.

[0020] Although the systems, methods, and adicf manufacture are
described herein with reference to an object sulara airfoil, other objects, such as

marine propeller blades, components of terrestghicles, and/or any other object which



may be welded as part of a repair or manufactupirogess, are contemplated by and

within the scope of the present disclosure.

[0021] FIG. 1 is a schematic view of an exemplantomated welding
system 100. Automated welding system 100 incluaestructure 102, a mounting
platform 104, a welding tool 106, an imaging devi€8, and a controller 110.

[0022] Structure 102 is a container, such aslaiwg box, within which
an object 112, such as an airfoil, is placed, aittinvwhich object 112 is welded. As
shown, object 112 may include an area to be wel@&d such as a crack, and object 112
may be placed within structure 102, such that &wdae welded 126 may be welded by

automated welding system 100.

[0023] In the exemplary embodiment, structur@ ktludes an internal
surface 114 that defines a welding compartment 1StBucture 102 may be insulated by
way of one or more insulating materials 101 andfo or more shielding media 109 and
may, in addition, include one or more heating appees 103, such as, but not limited to,
one or more electrical heating apparatuses, onaase gas burners, and the like. As
described below, heating apparatuses 103 may bégomed to raise an internal
temperature of structure 102 (within welding conpent 116) to a desired temperature,
such as a temperature at which object 112 becomnetie] malleable, semi-molten, or
otherwise workable. In addition, heating appardusd3 may be configured to maintain
an internal temperature of structure 102 withireaickd or predefined temperature range,
such as a temperature range within which objectldgd@mes ductile, malleable, semi-
molten, or otherwise workable. Structure 102 map ahclude a viewing window 105
and/or one or more temperature sensors 107, whia be configured to provide
feedback for control of heating apparatuses 1G8uctire 102 may also be filled with an
inert gas such as argon or helium. The gas maseleeted to be compatible with the

material of object 112.

[0024] Mounting platform 104 is a support and uming structure
configured to receive object 112. In the exemptnpbodiment, object 112 is secured or

mounted on mounting platform 104 for welding opierat. Mounting platform 104 may



include one or more clamps or fasteners for mogrdimd securing object 112. Mounting
platform 104 may also include one or more electrdmaical actuators 118 and/or one
or more joints 120, which may facilitate motionmbunting platform 104. For example,
mounting platform 104 may be configured to rotabowt the x, y, and/or z axes.

Mounting platform 104 may also be configured tom$late along the x, y, and/or z axes.

[0025] Welding tool 106 is any tool capable odiking a weld, such as,
for example, a laser welding tool, an arc weldiogl,ta gas welding tool, a gas metal arc
welding tool, and the like. Welding tool 106 maysa include one or more
electromechanical actuators 122 and/or one or rfuongs 124, which may facilitate
motion of welding tool 106. For example, each {di24 of welding tool 106 may be
rotatable about the x, y, and/or z axes. Weldog €06 may also be configured to

translate along the x, y, and/or z axes.

[0026] Imaging device 108 is configured to acguiata associated with
object 112, such as one or more images and/or dtter of object 112. For example,
imaging device 108 is a camera, such as a digit@lGD camera. Imaging device 108 is
mounted within structure 102 and is disposed ngdatd mounting platform 104 at a
position and angle suitable to acquire one or morages of object 112. In other
embodiments, imaging device 108 is positioned detsf structure 102 in a position
from which object 112 is viewable by imaging devi@8. For example, imaging device
108 may, in some embodiments, be positioned outdideructure 102, such that imaging

device 108 looks through viewing window 105.

[0027] Controller 110 coordinates the acquisitad data, such as one or
more images, of object 112. In the exemplary entbedt, controller 110 includes one
or more processors 150 communicatively couplech®a more tangible, non-transitory,
memory devices 152. In some embodiments, contrdli® further coordinates the
motion of mounting platform 104 and/or the motidnw@Iding tool 106. Controller 110
may also coordinate the operation of welding td¥8.1 For example, controller 110 may
control a welding current and/or welding voltagey to welding tool 106. In addition,

controller 110 may control a gas selection, a gasgure, and/or a gas flow to welding



tool 106. Controller 110 may also control an angfavelding tool 106 in relation to

object 112 and/or an angle of travel past obje@ 1Controller 110 may also control a
distance of welding tool 106 to object 112 durihg twelding process. Controller 110
may also control the relative speed of welding tb@b in relation to object 112 during

the welding process.

[0028] Controller 110 acquires data about objet? and identifies at
least one area to be welded 126 (e.g., a defebtas@ crack). After controller 110 has
identified at least one area to be welded 126 |laa#t one acquired image, controller 110
generates one or more control instructions for rotliig one or both of mounting
platform 104 and/or welding tool 106. For exampihe one or more control instructions
may control a position and/or an orientation of mg platform 104 and/or welding
tool 106. The control instructions may be trangeditto mounting platform 104 and/or

welding tool 106 for implementation.

[0029] FIG. 2 is a flowchart illustrating an ewplary process 200 for
repairing object 112 using automated welding syst&t (shown in FIG. 1). FIG. 3is a
schematic view of an exemplary series of acquineagies compiled to form a panoramic
image of object 112. With combined reference ©<11, 2, and 3, initially object 112 is
placed within structure 102 for repair. For examplbject 112 is manually or robotically
mounted on mounting platform 104 within structu@2l1 Further, in some embodiments,
object 112 may be painted or otherwise coloredh ghat object 112 is of a uniform

and/or desired color, such as a matte gray color.

[0030] Inside structure 102, imaging device He§uires data of object
112, such as one or more images of object 112.usksl herein, “acquired data” may
refer to one or more images of object 112 acqumgdnaging device 108 of object 112
and/or any other data associated with object 1aRishacquired by imaging device 108,
such as, for example, one or more infrared imadgebject 112. In addition, “acquired
data” may include one or more images or “acquiredges.” For example, as described
herein, imaging device 108 may scan or photogrdghco 112 to acquire at least one

image of object 112.



[0031] Accordingly, in the exemplary embodimentaging device 108
acquires a plurality of images of object 112. Ewgample, object 112 is rotated and/or
translated on mounting platform 104 through oneore inspection positions. As object
112 is moved, imaging device 108 acquires a phyrali images of object 112 at each
inspection position. The images may be of diffeportions or regions of object 112 and
may be collated or collected into an image dat fiFor example, imaging device 108
may acquire a first image 302 of object 112 atst fiegion 303, a second image 304 of
object 112 at a second region 305, and a third en8$ of object 112 at a third region
307. In some embodiments, object 112 may rematrosary on mounting platform 104
and imaging device 108 may be rotated, translatedtherwise moved about object 112

to acquire first image 302, second image 304, himd image 306.

[0032] Having acquired first image 302, seconthge 304, and third
image 306, each of first image 302, second imagé, 3Md third image 306 are
transmitted by imaging device 108 to controller 140d controller 110 receives each of
first image 302, second image 304, and third im2@@ (step 202). First image 302,
second image 304, and third image 306 may, in @dditboe compiled, collated, or

“stitched together” by controller 110 to form a paamic image 308 of object 112.

[0033] Panoramic image 308 may include a corepieéw of object

112, or panoramic image 308 may include a parimlwof object 112. For example,
imaging device 108 may, in various embodimentsumeqga plurality of images of a
single region, such as any of first region 303,08dcregion 305, or third region 307.
More patrticularly, in some embodiments, imagingide\i08 may acquire a plurality of
images of first region 303, which may correspona t@gion surrounding a blade tip of
object 112. In addition, in some embodiments, imgglevice 108 may not acquire a
plurality of images of object 112. Rather, in soembodiments, imaging device may
only acquire one of first image 302, second ima@, 8r third image 306. In alternative
embodiments, any suitable number of images of aitglde region of object 112 may be
acquired.



[0034] In response to receiving the at least acgpuired image, such as
combined into panoramic image 308 (and/or any o#teguired image or plurality of
acquired images), controller 110 analyzes at leastpixel in the at least one acquired
image (step 204). For example, in the exemplarpagiment, controller 110 may
analyze a plurality of pixels 310 in panoramic ire&@§8 to identify a pattern 312 formed
by plurality of pixels 310. In the example shownRG. 3, pattern 312 is a circular
pattern corresponding to an as-built feature inecbjl12, such as a cooling hole

manufactured in object 112.

[0035] To identify pattern 312, controller 110 ay in some
embodiments, analyze all of the pixels associati¢hl panoramic image 308 (and/or any
other acquired image) to identify a group of pixatsociated with particular grayscale
data, such as a group of pixels (e.g., pixels 3#)ing a particular grayscale value
and/or a group of pixels having a grayscale valithiwa predefined range of grayscale
values, such as, for example, values ranging frofpude black) to 128 (middle gray),
where the range of values from 0-128 may be aswatisith darker image colors, such
as image colors that may be representative of dejmes, holes, shadows, cracks, or
other imperfections or surface features appeanngpject 112. For instance, controller
110 may identify a cluster or group of pixels, sashpixels 310, having a grayscale value
in the predefined range of grayscale values. énetkample shown at FIG. 3, pixels 310
have a grayscale value of zero; however, it willappreciated that the grayscale values
of pixels 310 may range from 0-128 as describe@iher Such a cluster or group of
pixels may be identified or selected by controll@0 for further analysis or evaluation,

such as, for example, for pattern recognition @lysis.

[0036] Specifically, and in the exemplary emboent, controller 110
may implement pattern recognition to determine gadtern 312 formed by pixels 310 is
a predefined pattern. For example, controller &y, in some embodiments, compare
pattern 312 to a library or database of predefipatierns. If pattern 312 matches or
substantially matches any of a plurality of prededi patterns stored in the library or
database, controller 110 may determine that pi@& are associated with a predefined

pattern, and, correspondingly, an as-built areant®©ller 110 may, in addition, flag,

10



mark, identify, or otherwise designate pixels 3%0baing associated with an area to be
excluded from welding 314, because it may not mrdele to attempt to repair an area
on object 112 that includes such an as-built featur

[0037] In like manner, controller 110 may an&a plurality of pixels
316 in panoramic image 308 to identify a patter® 3drmed by pixels 316. In the
exemplary embodiment, pattern 318 is an irreguddiiepn corresponding to a damaged or

worn area on object 112, such as a defect or crack.

[0038] Accordingly, controller 110 is capable dikcerning an as-built
feature from an actual indication of a problem wothject 112. Moreover, as described
herein, controller 110 is able to determine a mesiweld repair to object 112. Further
still, in some embodiments and as described hecemtyoller 110 is able to distinguish a
previous weld repair to object 112 from a currenexisting defect or worn or damaged
area of object 112.

[0039] As described above, controller 110 maynpare pattern 318
formed by pixels 316 to a library or database @defined patterns, where, as described
herein, each of the predefined patterns may caorespo an as-built feature. If pattern
318 does not match, or does not substantially matti of the predefined patterns stored
in the library or database, controller 110 may aeiee that pixels 316 are not associated
with a predefined pattern, and where pixels 316 rareassociated with a predefined
pattern (but rather, are associated with a nongireed pattern), controller 110 may flag,
mark, identify, or otherwise designate pixels 3%thaing associated with area to welded
126 (step 206).

[0040] Having identified one or more predefirgatterns of pixels in the
predefined range of grayscale values and/or onenane non-predefined patterns of
pixels in the predefined range of grayscale valwesitroller 110 may, in addition,
generate one or more control instructions for cdlig at least one of mounting
platform 104 and/or welding tool 106 to weld aredé welded 126.

11



[0041] The control instructions may be transeatto mounting platform
104 and/or welding tool 106 for implementation. r Eazample, the control instructions
may be provided to one or more actuators 118 anoiftis 120. The control instructions
may be any suitable type of control instructionclswas, for example, a computer
numerical control (CNC) instruction, and the likén some embodiments, the control
instructions are control signals that are provittedontrol mounting platform 104 and/or

welding tool 106.

[0042] The control instructions may specify adigg path, which may
be defined with reference to one or more X, y, @nd/coordinates. Mounting platform
104 and/or welding tool 106 may rotate and/or tietes based upon the specified
welding path, such that object 112 is positionddtiree to welding tool 106 in a manner
that facilitates welding by welding tool 106 of areo be welded 126 on object 112.
Thus, controller 110 guides mounting platform 10wl/ar welding tool 106 along the
welding path, such that area to be welded 126 tenaatically welded by welding tool
106 along the welding path.

[0043] In some embodiments, controller 110 mayddition, provide a
control instruction or control signal to structut®2 to raise an internal temperature of
structure 102 to a designated or predetermined deatyre or a designated or
predetermined temperature range. For exampleyaitmt110 may provide a control
signal to one or more heating apparatuses 103dbag#art on signals received from one
or more temperature sensors 107, that cause hegipagatuses 103 to raise the internal
temperature of structure 102 to a temperature athwbbject 112 becomes ductile,
malleable, semi-molten, or otherwise workable. Shine predetermined temperature
may depend upon the material composition of objg@ and may vary as different

objects are provided to automated welding systetnfdOinspection and repair.

[0044] Embodiments of the automated welding esystas described
above, facilitate an automated welding processhithvan object is inspected to identify
areas to be welded and repaired by way of an auéahveelding process. Accordingly, a

controller receives acquired data, such as one are racquired images of an object
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mounted on a mounting platform within a structused may combine the acquired
images into a panoramic image of the object bageuh wach of the acquired images.
Having received the acquired images, the contraltelyzes a plurality of pixels, such as
in the panoramic image, to identify a predefinettqga and/or a non-predefined pattern,
such as, for example, based upon a comparisoregbatiern formed by the plurality of

pixels to a database or library of predefined paste If the pattern formed by the
plurality of pixels matches a predefined pattehe tontroller may determine that the
plurality of pixels are associated with an as-big#ture, which should be excluded from
welding operations. If, on the other hand, thagoatformed by the plurality of pixels

does not match a predefined pattern, the contrati@y determine that the plurality of

pixels are associated with an area to be weldeth asi a crack.

[0045] Exemplary technical effects of the auttedawelding system
described herein include, for example: (a) inspectof an object at a plurality of
inspection positions; (b) identification of as budreas for exclusion from welding
operations; (c) identification of areas to be wdlde.g., cracks) for welding; and (d)
heating of the object to a temperature or temperatange at which the object is

workable.

[0046] Exemplary embodiments of an automateddingl system and
related components are described above in deffile system is not limited to the
specific embodiments described herein, but ratt@mponents of systems and/or steps of
the methods may be utilized independently and seéglgrfrom other components and/or
steps described herein. For example, the confiigmraf components described herein
may also be used in combination with other prosessed is not limited to practice with
the systems and related methods as described hdRather, the exemplary embodiment
can be implemented and utilized in connection witmy applications where automated

welding is desired.

[0047] Approximating language, as used hereimoughout the
specification and claims, may be applied to modifyy quantitative representation that

could permissibly vary without resulting in a chang the basic function to which it is
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related. Accordingly, a value modified by a term terms, such as “about” and
“substantially”, are not to be limited to the pmexivalue specified. In at least some
instances, the approximating language may correspothe precision of an instrument
for measuring the value. Here and throughout thecification and claims, range
limitations may be combined and/or interchangedhganges are identified and include

all the sub-ranges contained therein unless cootdanguage indicates otherwise.

[0048] As used herein, the terms “processor” d&ondmputer” and
related terms, e.g., “processing device” and “catngudevice”, are not limited to just
those integrated circuits referred to in the artaasomputer, but broadly refers to a
microcontroller, a microcomputer, a programmabtgdaontroller (PLC), an application
specific integrated circuit, and other programmatiteuits, and these terms are used
interchangeably herein. In the embodiments desdrierein, memory includes, but is
not limited to, a computer-readable medium, sucl asndom access memory (RAM),
and a computer-readable non-volatile medium, sgcHagh memory. Alternatively, a
floppy disk, a compact disc — read only memory (ROM), a magneto-optical disk
(MOD), and/or a digital versatile disc (DVD) maysal be used. Also, in the
embodiments described herein, additional input chBnmay be, but are not limited to,
computer peripherals associated with a user irderfaich as a mouse and a keyboard.
Alternatively, other computer peripherals may als® used that may include, for
example, but not be limited to, a scanner. Funtioee, in the exemplary embodiment,

additional output channels may include, but nolilbéed to, a user interface monitor.

[0049] Further, as used herein, the terms “safévand “firmware” are
interchangeable, and include any computer progtaned in memory for execution by

personal computers, workstations, clients and serve

[0050] As used herein, the term “non-transitagmputer-readable
media” is intended to be representative of any itdegcomputer-based device
implemented in any method or technology for shemrt and long-term storage of
information, such as, computer-readable instrustialata structures, program modules

and sub-modules, or other data in any device. efbe¥, the methods described herein
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may be encoded as executable instructions embadied tangible, non-transitory,
computer readable storage medium, including, withioutation, a storage device and/or
a memory device. Such instructions, when exechyed processor, cause the processor
to perform at least a portion of the methods dbedriherein. Moreover, as used herein,
the term “non-transitory computer-readable mediafludes all tangible, computer-
readable media, including, without limitation, nwansitory computer storage devices,
including, without limitation, volatile and nonveile media, and removable and non-
removable media such as a firmware, physical andati storage, CD-ROMs, DVDs,
and any other digital source such as a networkherlnternet, as well as yet to be

developed digital means, with the sole exceptianda transitory, propagating signal.

[0051] Although specific features of various @diments of the present
disclosure may be shown in some drawings and nathers, this is for convenience
only. In accordance with the principles of the gemr® disclosure, any feature of a
drawing may be referenced and/or claimed in conlginavith any feature of any other

drawing.

[0052] This written description uses examples disclose the
embodiments of the present disclosure, includirgltést mode, and also to enable any
person skilled in the art to practice the disclestuincluding making and using any
devices or systems and performing any incorporatethods. The patentable scope of
the embodiments described herein is defined bycthems, and may include other
examples that occur to those skilled in the amichSother examples are intended to be
within the scope of the claims if they have struatelements that do not differ from the
literal language of the claims, or if they includgquivalent structural elements with

insubstantial differences from the literal languafi¢he claims.
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WHAT IS CLAIMED IS:
1. An automated welding system comprising:
a mounting platform configured to receive an ohject
a welding tool;

an imaging device configured to acquire at leastiorage associated with

the object; and
a controller configured to:
receive the at least one acquired image;
analyze at least one pixel in the at least oneiesd|image;

identify, based upon the analyzing, an area to ékled in the at

least one acquired image, wherein the area to led/éncludes a defect; and

generate, based upon the identifying, control ucsions for
controlling at least one of said mounting platfoamd said welding tool to weld

the area to be welded.

2. The automated welding system of Claim 1, whesaid controller
is further configured to analyze a plurality of @lix in the at least one acquired image to

identify a predefined pattern.

3. The automated welding system of Claim 2, whesaid controller
is further configured to analyze grayscale dat@@ated with the plurality of pixels to

identify the predefined pattern.

4. The automated welding system of Claim 2, whesaid controller
is further configured to designate the predefinattgon as an area to be excluded from

welding.
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5. The automated welding system of Claim 1, whesaid controller
is further configured to analyze a plurality of @lix in the at least one acquired image to

identify a non-predefined pattern.

6. The automated welding system of Claim 5, whesaid controller
is further configured to analyze grayscale dat@m@ated with the plurality of pixels to

identify the non-predefined pattern.

7. The automated welding system of Claim 5, whesaid controller

is further configured to designate the non-predsfipattern as the area to be welded.

8. The automated welding system of Claim 1, furttemprising a
structure configured to receive and secure thectlfjee structure comprising at least one
of a heating apparatus, an insulating materialjeavimg window, and a temperature

Sensor.

9. The automated welding system of Claim 8, whesaid controller
is further configured to generate a control ingtarcfor controlling a heating apparatus

operable to control an internal temperature of saidcture.

10.  The automated welding system of Claim 9, wimetBe control
instruction for controlling the internal temperauof said structure comprises an
instruction to maintain the internal temperaturesafd structure at a predetermined

temperature range.

11. An article of manufacture including a non-tigoy, tangible,
computer readable storage medium having instrustsbored thereon that, in response to
execution by a controller configured for providiogntrol instructions to at least one of a
mounting platform and a welding tool, cause saidt@dler to perform operations

comprising:

receiving, by said controller, at least one acqluimmage of an object

received on the mounting platform;
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analyzing, by said controller, at least one pixelhe at least one acquired

image;

identifying, by said controller and based upondhalyzing, an area to be
welded in the at least one acquired image, whettenarea to be welded includes a

defect; and

generating, by said controller and based upon deatifying, control
instructions for controlling at least one of saidunting platform and said welding tool

to weld the area to be welded.

12.  The article of Claim 11, wherein the instruntidurther cause said
controller to perform operations comprising analgziby said controller, a plurality of

pixels in the at least one acquired image to ifieatpredefined pattern.

13.  The article of Claim 12, wherein the instruntidurther cause said
controller to perform operations comprising analgziby said controller, grayscale data

associated with the plurality of pixels to identihe predefined pattern.

14.  The article of Claim 12, wherein the instruntidurther cause said
controller to perform operations comprising desigitg by said controller, the

predefined pattern as an area to be excluded frelding.

15.  The article of Claim 11, wherein the instruntidurther cause said
controller to perform operations comprising analgziby said controller, a plurality of

pixels in the at least one acquired image to ifeatnon-predefined pattern.

16.  The article of Claim 15, wherein the instruntidurther cause said
controller to perform operations comprising analgziby said controller, grayscale data

associated with the plurality of pixels to identihe non-predefined pattern.

17.  The article of Claim 15, wherein the instruntidurther cause said
controller to perform operations comprising destgita by said controller, the non-

predefined pattern as the area to be welded.
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18. A method for operating a welding system, saathod comprising:

receiving, by a controller configured to controktlwelding system, at

least one acquired image of an object;

analyzing, by said controller, at least one pixelhe at least one acquired

image;

identifying, by said controller and based upondhalyzing, an area to be
welded in the at least one acquired image, whetteenarea to be welded includes a

defect; and

generating, by said controller and based upon deatifying, control
instructions for controlling at least one of a mtwg platform configured to receive the

object and a welding tool to weld the area to bilack
19. The method of Claim 18, further comprising:

analyzing, by said controller, a plurality of pigein the at least one

acquired image to identify a predefined patterrdt an

designating, by said controller, the predefinedguatas an area to be

excluded from welding.
20. The method of Claim 18, further comprising:

analyzing, by said controller, a plurality of pigein the at least one

acquired image to identify a non- predefined pattand

designating, by said controller, the non-predefipattern as an area to be

excluded from welding.
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