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(57) Abstract: Technologies are generally described for 3D
object recognition through 2D image processing based on
white balancing and object-rotation in machine vision sys-
tems. According to some examples, image recognition of an
object captured with a camera under insufficient lighting
may be achieved through white balancing. Processing cost
reduction may be achieved in the learning process for image
recognition through, automatic generation of rotated 2D Im-
ages of target objects to be detected, such as machine parts,
from a small number of 2D images of a target object and
generation of a 3D image of the target object from the ro-
tated 2D images. Image recognition may thus be ensured
even under insufficient lighting through execution of the im-
age recognition process for multiple images and learning the
successful recognition results. Some examples may be imple-
mented in mechanical parts selection, where 2D images of
the parts may be available beforehand.
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3D OBIECT ROTATION-BASED MECHANICAL PARTS SELECTION THROUGH 2D
IMAGE PROCESSING

CROSS REFERENCE TO RELATED APPLICATIONS

{0001} This application claims the benefit of U, Patent Application Serial No. 14926011
titled 3D OBIECT ROTATION-BASED MECHANICAL PARTS SELECTION THROUGH 2D
IMAGE PROCESSING filed on Ocrober 29, 2315 under Article 8 of Patent Cooperation
Treaty, The disclosures of the patent application are hereby incorporated by reterence for all

PUFPOSES,

BACKGROUND

{0062} Unless otherwise indicated herein, the materials deseribed in this section gre not
prior art fo the claims io this application and are not admitted 1o be prior art by inclusion in thig
seetion,

[0063] Accurate identification and classification of a large namber of components using a
typical 21 camera under insufficient ighting is one of the challenges m image recognition, For
example, objedt identification may involve detection of the edges of an object in an image.
Without sufficient lighting, the edges may be undetectable. Thus, satisfactory tmage recognition
may not be schieved witheot sullicient lighting. Detection of an onentation of the object may
present another challenge. Typically, the otientation of a rotating object in an image may be
unkaewn gt the Gme of image acquisition. The lack of oriendation information may inerease 8
possibility of misidentification of the object. Image recognition of 4 rotating object may be
achieved by recognizing an abject in rotated and unrotated states as being the same abject, That
is, images of the object in rotated sand pnrotated states need both to be learned to achieve correct
recognition of the object in a target image. Conventional approaches of creating a 3D abject fram
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SUMMARY

[0084] The present disclosure gencrally describes technigues for 3D object rotation-based
mechanical parts selection through 21 image provessing based on white balancing and object-
rotation in machine vision systems,

[858] According fo some examples, a method for 3D object recognition through rotation-
based 2D image processing is deseribed. An example method may include obtaining images of
an object, where each image corresponds o a distinet white balance value and a rotation state of
the object; storing the images along with an image identilier for cach image, a parts wlentifier
common 1o one or more imnages, and s weight value for each tmage, where the part identifier
mdicates images that are associated with a single object; and in response to a reguest from an
tnage recognition module, providing one or mote images of the object {o an image recognition
module such that the object is recognized by the image recognition maduls based on g
comparison of the provided one or more images to g caplured image of the object

{3086} According to other examples, a method for 313 object recognition through rotation-
based 21 image processing 1s described. The method may inclade receiving a captured image of
a target object; receiving tmages from an image database, along with an image ideniifier for each
image, a parts identifier commaon © ong or more 1mages, and a weight value for each umage,
where the part identifier indicates images that are associnted with an object, and where cach
image corresponds to a distinet white balance value and 8 rotation state of the object; comparing
the images to the captured image of the target object; and in response to a determination that one

W the images matches the captured image of the target object, recognizing the target object as
the object associated with the one of the images.

{0807] According fo further examples, a system for 3D object rotation-based mechanical
parts selection through 2D image processing is deseribed. The system miay include a detoction
control module configured to obtain images of an object, where each tmage corresponds to a
diztinet white balance value and a rotation state of the object; store the Images along with an
image identifier for cach image, a parts dentifier common {0 one or more images, and a weight
value for each image, where the part identifier indicates inages that are associated with a single
olject; and in response 0 @ request from an image recognition module, provids one or more

images of the object to the image recognition module sach that the object is recognized by the

s
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image recognition module based on a comparison of the provided one or more images o a
captured image of the vbject.

{0008] According to vel other examples, a system for 3D object rotation-based mechanical
paris selection through 2D image processing is deseribed. The system may include a detection
control madule conligured to obtair images of an object, where cach image corresponds to
distinet white balance value and a votation state of the object; store the images along with an
image identifier for each image, a parts identitier common {0 one or more images, and g weight

sadue tor cach mage, where the part identifier indicates tmages that are associated with a single
object; and in response to a regquest from an image recognition module, provide one or move
mmages of the object to the image recognition module sach that the object is recognized by the
image recognition modude based on a comparison of the provided one or more inmages o a
captured image of the object, The system may also fnclude an image capture device confipnred
to capture an image of a target object and an object recognition module configured to receive the
one or more of the images from the detection control module; compare the one or more of the
pnages to the captured image of the target object; and in response to 3 determination that one of
the images matches the captured image of the target object, recognive the target olyject as the
object associaied with the one of the images.

{0009 The foregoing sunumary is iusivative only and is not intended to be in any way
limiting. In addition to the lustrative aspects, embodiments, and features deseribed above,

further aspects, embodiments, and featares will become apparent by reference to the drawings

ard the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other features of this disclosure will become more fully apparent
from the following description and appended clanms, taken in conjunction with the
accompanying drawings, Understanding that these drawings depict only several embodiments in

accordance with the disclosure and are, therefore, not 1o be considered Hmiting of its scope, the

disclosure will be described with additional specificity and detail through use of the

accompanying drawings, in which:

Lad
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FIG. | illustrates example images of objects with different white balance values and at
different angles, where the parts may be used in 3D object rotation-based mechanical parts
selection throagh 2D image processimg:

FIG. 2 illustrates example operations and components of a system for 3D object rotation-
based mechanical parts selection through 21D image processing

FIG. 3 lustrates example modules of a system for 3D ob;eci rotation-based mechanical
parts selection through 21 image processing and an example data structure of @ database used in
the example system:

FIG. 4 illustrates conceptually an example 3D object rotation from 21 boages;

FIG. § llustrates an example update process of the data structure of the database used in
the example system;

FIG. 6 illustrates a general purpose computing device, which may be used to provide 3D
object rotation-based mechanical parts selection through 21D image processing:

FIG. 7 s g How diagram tlusirating an example process o provide 30 object rotation-
based mechanical parts selection through 2D image processing that may be performed by a
computing device such as the computing device in FIG. 6; and

FIG. & illustrates a block dingram of an example computer program product,

all arranged I accordance with at least some embodiments deseribed herein,

DETAILED DESCRIPTION

{0811} In the following detailed description, reference i3 made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols tepically identify similar
components, unless context dictates otherwise. The iHustrative embodiments described nthe
detatled description, drawings, and clatms are not meant to be limiting, Other embodiments may
be used, and other changes may be made, without departing from the spirit or scope of the
subject maiter presented herain, The aspeots of the present disclosure, as generally described
herein, and illustrated in the Figures, can bo arranged, sobstitpled, combined, separated, and
designed in a wide vartety of different configurations, all of which are explicitly contemplated
herein.

{3812} This disclosure is geperally deawn, among other things, to methods, apparatus,

systems, devices, and/or computer program products related o three-dimensional {31} object

4



WO 2017/074567 PCT/US2016/050892

rotation~-based mechanical parts selection through two-dimensional (213 image processing based
on white-halancing and object-rotation m machine vision systems.

[0013] Briefly stated, technologies are generally described for 3D object vecognition
through 21 image processing based on white balancing and object-rotation in machine vision
systenzs, According fo some examples, image recognition of an obieet captured with a camers
under insufficient lighting may be achisved through white balancing. Processing cost reduction
may be schieved in the leaming process for image reecognition through automatic generation of
rotated 213 images of target objects to be detected, such as machine parts, from a small number
of 21 images of a target object and generation of a 3D image of the target object from the retated
2D fmages. huage recognition may thus be ensured even under insoafficient lighting through
execution of the image recognition process for multiple images and leaming the successiul
recognition results, Some examples may be implemented in mechanical parts selection, where
21} images of the parts may be available beforehand.

{0014} FIG, 1 Hlustrates example tmages of objects with different white balance values and
at different angles, where the parts may be used in 31 object rotation-based mechanical parts
selection through 2D image processing, amvanged in accordance with at least some embeodiments
described herein,

[015] Purt selection or picking is a component of manufacturing processes in many
mdustries. For example, for g large variety of manufactured goods, s mumber of parts used in
assembly may range frony a fow to many. Sizes, shapes, and types of parts may also vary
substantialiv. In antomated assembly processes, speed and accuracy are two metrics that may
defermine success of the process. Thus, rapid and accurate selection and placement of paris
becomes the goal for such processes, While parts may be pre-processed (e.g., placed m special
comtatners in predetermined orlentations, such presprocessing may increase the cost of
manufacturing. With the developments in image recogmition, parts may be picked by robotic
assemblers using object recognition. However, less than ideal conditions such as highting,
varying orientation of parts, ete, may result in hugher than desired error rates or a need for use of

gomputationally andfor hinancially expensive systems to improve object recognition sucogss rale.
One of a number of aspects needed o achieve successial object recognition includey accurate

detection of an outline {or edges) of a target object even under less than ideal Hehting conditions.

(¥4
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[0016] As shown ina diagram 100, an image of a three~-dimensional (3D) targel object may
be acquired at different exposure levels or settings to obtain images 102, 104, 106 at different
white balance values, Allernatively, the tmages 102, 104, 106 at different white balance valoes
may be oblained from a single captured image of the target object using image processing {e.g.,
post-processing the captured image to vary the while balance vahues

[8617] As shown in a diagram 110, the image of the 31 target ubject may also be acquired
at ditforent rotation states to obtain tmages 112, 114, 116 with the target object gt different
rotation states {tilts). Alternatively, the tmages 112, 114, 116 at different rotation states may be
obtained front a single captured inmage of the target object using image processing {e.g., post-
processing the captured image to vary the rotation state through tilting around a central
SYIMINCHY axish

{0018} The images 102, 104, 106 at differcnt white balance values andfor the images 112,
114, 116 at different rotation states may be stored in an image database and may be used to train
a machine learning based object recognition system, which may detect objecls andiéor thewr
oricntations based on 8 comparison of a captured image of the target object to the image database
as discussed herein.

{08197 FIG. 2 illustrales example operations and components of a system for 3D object
rotation-based mechanival parts selection through 212 image processing, arranged in accordance
with at lesst some smbodiments desenbed heran.

[6628] As shown in a diagram 200, an image 202 of a target object may be received by a
learning component of an ebject recognition systen. The recetved image 202 may beused o
generate d set of images 204 at different white balance values and another set of images 206 at
different rotation states, The mcrements of white balance valoes and rotation states may be
selected based on computational cost, available resonrces {e.g., memory, data storage, network
bandwidth). A resulting set of images 208 may represent various pernutations of white balance

sabues and rotation states for the target object. In other embodiments. the set of hmages 208 may
be captared individually at same or similar white balance values and rotation states. The set of
unages 208 may be stored in an image database and individually weighted, The set of images
208 andfor the assigned weights may be updated during subsequent object recognition processes

based on successful recognition results, For example, captured images of & successiully
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recognized target object may be added 1o the database, weight values of images in the database
used for the successful recognition of the target object may be increased, and se on,

{0021} Atg second portion of the object recognition process, an image 212 of the tarpet
object may be captured (e.g., af part selection ime) by an image capture device 214 and provided
to an image recognition module 210, The image recogmition module 210 may compare the
captured tmage 212 1o the setof images 208 in the nage database using the respective weight
values and recognize the objeet 216, A rotation state of the object 216 may also be revogmized o
aid in picking and placement of the object 216 1 an assembly process,

{022} FIG, 3 illustrates example modules of a system for 312 object rotation-based
rechanical parts selection through 213 image processing and an example data structure of a
database used in the example systen, arranged in accordance with at least some embodiments
described berein,

{123 As shown in a diagram 300, 1 defection control module 302 may recetve an image

of a target object and manage processing of the image by @ white balance adjustment module 306
andfor a parts rotation module 308 in order to generate a set of images at different whitle balance
values and rotation states, The detection control module 302 may store the images in a detection
Tearning database 310 {also referred to as image database herein) for subhsequent object
recognition bv an image recognition module 304, The detection learning database 310 may
mcinde identifiers for the different images and weight values associated with sueeesshl object
recognition.

[8024] The detection contrel module 302, the white balance adjustorent module 306, the
paris rotation modale 308, and the image recognition modude 304 may be distinet moddes
unplemented as hardware, software, or combinations thereof, The mndules may also be
integrated components el one or more systems, For example, the defection conttol modale 302,
the white balance adjustment module 306, and the parts rotation module 398 may be part of an
image database service that can be accessed by g mumber of assembly control services, and the
image recognition module 304 may be part of an assembly control service along with part
micking and placement modules.

0025} A dats strueture 312 of the detection learning database 310 is alse illustrated in the
diggram 300, Each unage may be assigned image tdentifiers. Images of @ same object at different

white balance values andior rotation state valoes may be assigned an identical pards identifier

7
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(indicating that these images belong to the same object). Bach image may also be weighted. For
example, the initial values may be set 10 3 predetsrmined value (0.0, for example}. The weight of
an image that has been soceesstully detected {and stored w the database) may be updated (1.0,
for example).

{0026} 1 the image recognition process, sequentisl images of the same object having
different white balance values may autom a‘iiaaiiy generated or captured according o
predetenmined configurations. The images may be automatically supplemented so as o maich
the images to a captured image of a target object having a selected white balance value, thos
enabling successful mage recognition even with unsatisfactory lighting, Inages of the targst
object (e.g., an industnial machine part) may also be rotated without corvection based on the
syminetry and metal luster of the part. Bnage recognition may be carried out to deteet the target
object in the automatically penerated fmages having different white balance values and rotated
states. The automatically generated fmages may be weighted, and the resolts of image
recognition may be leamed. The leaming may provide a process that can achiove highly
saecesstul fmage recognition in a few or even a single leamning iteration.

[B027] A example system according to sonme embodiments may rémove noise in caplured
or received image(s) caused by reflection of ights from other objects to redoce misvecognition of
objects, Light reflection makes loe synunetry, thus, a centerline may be detected by linear pixel
manipulation, for example. Next, a center point or centerling of symmetry for the target objent
nay be detected from symmetry characteristics of parts. Using the reflection of lights, an angle
of the objsct may detected relative o other objects, Thus, candidate 3D coordinates of the target
object may be determined frow the images. After the detection of the candidate 3D coordinates,
the object may be determined among the candidates by elimmating inconsistency of hights
reflection, rofation, and the center point or line objecty, using the captured inttage of the target
obiect.

{8028 Feature extraction, similavity calenlation. and timage matching are some
conventional object recognition techaiques that may involve higher consumption of resources
such as computing capacity, memaory, ste. A system according to embodiments may not need
feature extraction because detection of 2D objects is used. Similarity calculation of lmages may

also not be needed, because 2D objects may be detected and assigned 3D coordinates
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automatically. Furthermore, image matching 18 also not needed because 3D coordinates may be
detected using mechanical synimetry.

[0029] FIG. 4 llostrates conceptually an example 3D object rotation from 2D images,
arranged in accordance with at least some embodiments described herein

{0030} As shown ina diagram 400, 1 2D object image 402 may be used to genernie 8
rotated object image 404, An outline extraction may be performed to cut out a part from the 2D
objeet image 402, A central axis of symunetry may be detected based on the symmetrical or
substantially synunetrical featvres of the object, and then the image of the part may be expanded
and contracted around the detected central axis. The image of the object miay be further expanded
and contracted around an axis that 1s perpendicadar to the detected central axis, A metad huster or
reflectivity of the object or portions of the object may also be detected to extract outlines of
portions of the object close o and romoie from the iintage capture device to determune a depth
and a closest portion of the object. The closest portion detected may be combined with the
unages of the object acquared in earlier parts of the process m projection greas corresponding to a
rotational angle resulting in the rotated object tmage 404, The process may be antomatically
performed.

{0031} FIG. 5 illosteates an example update process of the data structure of the database
usexd in the example system, arranged in accordance with at least some embodiments described
herein.

[B432] As shown in g diagram SO0, an tuput target image fo be detected may be
sequentislly matched (512} with images in a detection learning database, The database may
inchude tmage data 504, image identifters 302, parts identifiers 506, and weights 508 for cach
mnage stored in the database. When the target image is found to mateh an image i the database
{S14), mudtiple images having the same parts identifier (516) may be output {318) {o an image
recognition module. The image recognition module may porform image recognition (for
exanyle, face recopnition or object recognition) to detect the tavget image in the images having
the same parts identifiers and output the identifier of the inage detected with a highest accuracy
as the result of the image recognition process, for example. In response, a detection module may
update the weight associated with the matching image in the database. A reguest for a subsegquent
recognition process may be sent together with the weight to the Image recognition module. Thus,

the image recognition module may preferentially process a target image with high accuracy and a

9
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high processing rate. The recognifion process may be carried out in real-time becanse the
sutomatically generated hmages having different white balance values and rotated states may be
matched with the target image for recognition.

[BU33] The learning process may be swmmarized as follows: (1) I a new image 18 10 be
captured with a camera that can vary the exposure level or setting, a prodetennined number of
pictures having different white balance values may be acquired. It the exposure cannot be varied,
one pictare may be acquired and processed 1o generate the predetermined number of pictures
having different white balance values. {2) The images may be rotated to gencrate maltiple
mmages iy different rotation states. (3) The white balance valoes and rotation states of the images
fnay he incrementally varied to generate even more images. (4) The geoerated images may be
stored i accordance with 8 data stricture as discnssed above,

{0034] The recognition process may be summarized as follows: (1) A first image of a target
object 1o be detected may be received (or acquired). {(2) The received (first) image and the
pnages i the database may be matched to retrieve a parts identifier (for images belonging to the
same object). (31 I there 13 no match, the white balance value of the received bmage may be
optinmtized to generate a second image. The second imape and the images in the database may be
matched to refrieve 4 parls identifier, (4) If there is still not match, the second image may be
rotated to generate a third image of the object in the first tmage. The third image and the images
1 the database may be matched to retrieve a parts identifier. (3) If the matching mage in the
database iz weighted, the weight may also be sent to the tmage recognition module and processed
with a priority according to its weight value. (6} Based on aresult of the image recognition
process, the weight may be updated for an image detected with high accoracy.

{0035} Embodiments may be implemented, for example, in recognition of mdustrial parts
i & factory with a camera installed on 4 robot arm. Images may be acquired and detected for
image recogaition in real fime even with a small number of repetitions of a learning process of
rotating parts under insufficient lighting. Embodiments may also be implemented in astomatic
A0 modetling of machine parts. A 31 object may be generated from a photograph and output
from a 3D printer, reducing an amount of time for the production of a prototype.

[0036] FIG. 6 lustrates a general purpose computing device, which may be used to
provide 3D object rotation-based mechanics! parts selection through 2D image provessing,

arranged i accordance with at least some embodiments deserbed herein,

10
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{0037} For example, the computing device 600 may be used to use orientation markers o

determine ohject orientation andfor deformation as described herein. In an example basic

configuration 602, the computing device 600 may inchode one or more processors 604 and a
system memory 606. A memory bus 608 may be used to communicate between the processor
604 and the system memory 606, The basic configuration 602 15 iltustrated in FIG. & by those
components within the nner dashed line.

{0038} Depending on the destred configuration, the processor 604 may be of any type,
including but not imited to a microprocessor (uP), a microcontrolier (p), a digital signal
processor (DSE), ar any combination thereof. The processor 604 may include one more levels of
caching, such as a level cache memory 612, a processor core 614, and registers 518, The
example processor core 614 may include an arithmetic {ogie unit (AL, a floating point unit
{FPU}, o digital signal processing core {DSP Core), ot any combination thereell An example
memory controller 618 may also be vsed with the processor 604, or in some implementations,
the memory controller 018 may be an mternal part of {he processor 604,

[6039] Depending on the desived configuration, the system memory 636 may be of any type
tncluding but not limited to volatile memory {such as RAM}, non-volatile memory (such as
ROM, flash memory, efc.) or any combination thercof. The system memory 606 may include an
operating system 620, a controller 622, and program data 624, The controller 622 may include a
detection control modude 625, g parts rotation module 627, and a white balance adjustment
modole 829 to implement 3D object recoguaition throngh 2D tmage processing based on white
balancing and object-rotation i machine vision systems as described berein, The program data
624 may include, among other data, image data 628 10 be used in recognttion of objects, as
described herein,

{00481 The computing device 600 may have additional features or functionality, and

additional interfaces to facilitate communications betwesn the basic configuration 602 and any
desired devices and interfaces. For example, a bag/interface controller 630 may be used to
facilitate communications between the basic configuration 602 and one or more data storage
devices 632 via a storage interface bus 634, The data storage devices 632 may be one or more
removable storage devices 638, one or more non-removable storage devices 638, ora

combination thercof, Examples of the removable storage and the non-removable storage devices

inchude magnetic dise devices sach as fleoxible dise drives and hard-disc drives (HDD), optical

1
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dise drives such as compact dise {CD) drives or digital versatile dise (DVID) drives, solid state
drives (S81), and tape drives to name a few. Example computer storage media may inclade
volatile and nonvolatile, removable and non-removable media implemented in any method or
technology for storage of information, such as computer readable instructions, data structures,
program modules, or other data.

[8041] The systom memeory 606, the removable storage devices 636 and the non-removable
storage devices 638 are examples of computer storage media, Computer storage media includes,
but 1s not hited to, RAM, ROM, EEPROM, flash memory or other wemory technology, CI-
ROM, digital versatile dises (DVID), solid state drives, or other optical storape, magnetic
cassettes, magnelic tape, magoetic dise storage or other magnetic storage devices, or any other
medium which may be used to store the desired Information and which may be accessed by the
compuiing device 600, Any such computer storage media may be part of the computing device
600,

{0042} The computing device 600 may also include an interface bus 640 for facilitating
communication from various interface devices {eg, one or more osutput devices 642, one or
more peripheral interfaces 644, and one or more commumnication devices 646} to the basic
configaration 602 via the bus/interface controller 630, Some of the example owtput devices 642
meclnde a graphics provessing unit 648 and an sudio provessing unit 630, which may be
configured to communicate to varions extemnal devices such as a display or speakers via one or
more ALY ports 652, One or more example peripherad interfaces 644 may include a serial
interface controller 654 or a parallel interface controller 636, which may be configured to
communicate with external devices such as wput devices (e, kevboard, mouse, pen, voice
mput device, touch input device, ete ) or other peripheral devices {e.g., printer, scanner, elfel) via
one or move VO ports 638, An exanple cormmunication device may include a network controlier
660, which may be arranged to facilitate conmunications with one or more other computing
devices 662 over a network communication link vig one or wove communication ports 664, The
one or more other computing devices 662 may include servars at a datacenter, costomer
equipment, and comparable devices.

{0643} The network communication link may be one example of a communication media
Communication media may be embodied by computer readable nstructions, data structures,

program maodales, or other data in & modolated data signal, such as & carrier wave or other
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transport mechanism, and may include any information delivery media, A "nmwodulated data
signal” may be a signal that has ene or more of its characteristics set or changed in such &
manner as o encode mformation in the signal, By way of example, and not hmitation,
communication media may include wired media such as a wired network or divect-wived
connection, snd wireless media such as acoustie, radio frequency (RE), nucrowave, infraved (IR}
and other wireless media. The term computer readable media as nsed herein may melnde hoth
storage media and communication medis,

{3044} The computing device 600 may be implemented as a part of a generval purpose or
specialized server, mainframe, or sinilar computer that includes any of the above functions. The
computing device 600 may also be implemented as a personal computer including both laptop
computer and non-laptop computer configurations.

{0045 FIG. 7 1s 2 flow diagram tHustrating an example process to provide 310 object
rotation-based mechanical parts selection through 213 mage processing that may be performed
by a computing device such gs the computing device in FIG. &, arranged in accordance with at
least some embodiments deseribed herein.

{6046} Example methods may include one or more operations, functions or aetions as
Hlustrated by one or mrore of blocks 722, 724, andfor 726, and may in some embodiments be
performed by a computing device such as the computing device 800 in FIG. 6. The operations

pee
F)
{

deseribed in the blocks 722-726 may also be stored as computer-executable instroctions i a
computer-readable medivm such ay a computer-readahle maduan 720 of a computing devics
710

{0847] An example process to provide 31 object rotation-based miechanical parts selection
through 21 inape processing may bepin with block 722, “OBTAIN IMAGES OF AN OBIECT,
WHERE EACH IMAGE CORRESPONDS TO A DISTINCT WHITE BALANCE VALUE
AND A ROTATION STATE OF THE OBIECT”, where the detection control modude 302 may
receive a captured image of an object or capture multiple images of the object according to
predetermined white balance and rotalion state configurations. In case of receiving the image,
the detection conirol module 302 may gonerate the images by having them processed for while
balance and rotation state values through the white balance adjustment module 306 and the parts

rotation module 308,
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{0048 Block 722 may be followed by block 724, “STORE THE IMAGES ALONG WITH
AN IMAGE IDENTIFIER FOR EACH IMAGE, A PARTS IDENTIFIER COMMON TO ONE
OR MORE IMAGES, AND A WEIGHT VALUE FOR BEACH IMAGE”, where the detection
control module 302 suay store the images of the object in a database {(e.g., detection learming
database 310} along with image and parls identiiers and a weight value for cach image. The
parts dentifiers may beused to mdicate images that contain the same ohject. The weight values
may be used 1o indicate successid matches 1o a target object.

{8849] Block 724 may be followed by block 726, “*PROVIDE ONE OR MORFE IMAGES
OF THE OBIECT TO AN IMAGE RECOGNITION MODULE SUCH THAT THE OBIECT IS
RECOGNIZED BY THE IMAGE RECOGNTTION MODULE BASED ON A COMPARISON
OF THE PROVIDED ONE OR MORE IMAGES TO A CAPTURED IMAGE OF THE
QBIECTY, where the detection control wedule 302 may provide a subset of the images to an
captured image of 8 target object and recognize the target objedt as the objet in one of the
nages.

[60580] The operations included in process 7080 are for ilhustration purposes. 3D object
rotation-based mechanical parts selection throngh 2D image processing may be implemented by
similar processes with fewer or additional steps, as well ay in different order of operations using
the principles described herein. The operations deseribed heretn may be executed by ong or
more processors operated on one or more computing devices, one or More processor coves,
specialized processing deviess, andéor general purpese processors, ameong other examples

[B0S51] FIG. 8 illostrates a block dingram of an example computer program product,
arranged in accordance with at least some embodiments described herein.

0052} In sonie exanples, ag shown in FIG. R, a computer program product 800 may
include a signal bearing medium 802 that may also include one or more machine readable
instructions R4 that, when executed by, for example, a processor may provide the functionality
described herein. Thus, for example, referring to the provessor 604 in FIG. 6, the detection
control modale 625 gnd ong or more of the other modules may underfake one or more of the
tasks shown in FIG. & in response to the instructions 804 eonveyed to the processor 6§04 by the
mdium 802 to perform actions associated with detecting object erientation and/or deformation

as described herein, Some of those instructions may include, for example, instructions to obtain
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images of an object, where cach image corresponds fo a distinet white balance value and a
rotution state of the obiect; store the images along with an image identifier for each image, a
parls identifier commeon to one or wore images, and a weight value for cach image; andfor
provide one or more images of the object toan image recognition module such that the ohject is
recogiizad by the mmage recognition module based on a comparisen of the provided one ov more
images 10 a captuted image of the obieet, according to some embodiments described herein,

{8083} In some implomentations, the signal bearing media 802 depicted in FIG. ¥ may
encompass computer-readable media 806, such as, but not Himited to, a hard dise dave, 8 solid
state drive, a compact dise (€D}, a digital versatile disc {IIVD), a digital tape, memory, et In
some implementations, the signal beaning media 802 may encomipass recordable media RO, such
as, but not Hmited to, memory, read/write (RAW)Y CDs, RFW DVDs, ete. In some
tmplementations, the signal bearing wedia 802 may encompass communications media 810, such
as, but not Hmited to, a digital andfor an analog communication medinm {e.g., a fiber optic cable,
a wavegtide, a wired communications Hink, 4 wireless communication link, efc.’}. Thus, for
example, the program product B30 may be conveyed to one oy more modales of the processor
604 by an RF signal bearing medium, where the signal bearing media 802 is conveyed by the
wirgless communications media 810 {e.g., a wireless communications medinm conforming with
£ 802,11 standard).

[0034] According to some examples, & method for 3D object recognition through rotation-

the IEE

based 2D image processing is described. An example method may inchude obisining images of
an object, where each image corresponds o a distinet white balance value and o rotation state of
the object; storing the fmages along with an Tmage identifier for each fmage, 8 pats wWdentifier
common {0 one or maore images, and & weight value for each mage, where the part identifier
indicates images that are associated with a single object; and in response to a request from an
image recognition module, providing one or more Images of the object 1o an image recogaition
module such thal the object is recoenized hy the Image recognition modale based on a
comparizon of the provided one or more images to a captured image of the object.

{0035} According to other examples, oblaining the images of the object may wclude ong or
more of capturing the buages at distinet exposare settings and for distinet rotation states of the
obigct; recciving an image of the object: and generating the images of the object from the

received image using white balance values and rotation stafes. Gonerating the images of the

s
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object may include varying a white balance value of the recelved image incrementally for cach
of the images. Generating the images of the object from the received mage using the rotation
states may include detecting a contral svinmetry axis of the object based on ane or more
synunetrical features of the object; and generating the images of the object by the expanding and
contraciing the received image around the central symnptery axis and a secomd axis,

[8056] According to further examples, the method may also include determining a depth
andd @ portion of the object closest to an image capture device by extracting outhines of portions
ot the object based on a reflectivity of the portions: and combining the portion of the object
closest to the image capture device with the images of the object in projection areas
corresponding {o rotational angles. The second axis may be substantially perpendicudar to the
central symmetry axis,

{8857} According to yet other examples, the method may further include assigning weight

alues to the stored bmages. Assigning weight values to the stored tmages may inclode assigning
an mitial weight value to cach stored image; and incrementing @ weight value of an tmage that s
matched to the captured tmage of the object by the image recognition modude. The method may
also include reducing 8 noise caused by reflection from other objects in each of the images of the
object,

[B088] According to other examples, a method for 31 object recognition through rotation-
based 2D image processing 18 described, The method may include receiving a captured image of

a favget obhject; receiving images fron an image database, along with an image identifier for each
image, a parts identifior commaon © one or more images, and a weight value for gach image,
where the parl wWentifier indicates mages that ave associated with an object, and where cach
nage corresponds to s distinet white balance value and a rotation state of the ohject; comparing
the images to the captured image of the target object; and mn response {o 8 determination that one
of the Images matches the capiured image of the target object, recognizing the target object as
the object associated with the one of the imapes.

{B059] According fo some examples, the method may further inelude in response toa
determination that none of the images matches the captured image of the target object, adjusting
one or more of 8 white balance valae and a rotation state of the captured image of the target
objeot; and comparing the images 1o the adjusted captured image of the target ebject. The

method may also include providing foedback associated with the determination to & detection
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control module configured to manage a database that stores the images such that a weight value

of the one of the imaue

@

es is updated at the database or iteratively eliminating inconsistencies due
fo one or more of g lght reflection, a votation, and a center point or line of the target objeet,

{360} According to further examples, a system for 3D object rotation-hased mechanical
parts selection through 2D image processing is described. The systemn may include 8 detection
control module configured to obtain images of an object, where each nage corresponds to a
distinet white balance value and a rotation state of the object; store the images glong with an
image identitier for cach image, a parts dentifier conmumon (o one or more Images, and a weight
value for each image, where the part identifier indicates images that are assoclated with a single
ohject; and in response to a request from an image recognition madule, provide one or more
images of the objeet to the inage recognition module such that the object is recognived by the
tmage recognition modale based on a comparison of the provided one or more tnages to a
captured image of the object

{0061} According to other examples, the delection control module may be conligured to
obtain the images of the object through capture of the mages with an image capture module at
distinet exposure sefiings and for distinet rotation states of the object, or obtain the images of the
object by receiving a 2I) image of the object and generating the images of the object from the
received image using white halance values and rotation states. The system may also include a
white balance adjustment module configured to vary a white balance value of the received image
merementally for cach of the images

[0862] According to yet other examples, the system may also include a parts rotation
module configured to adjust a rotation state of the object in each image by detecting a central
symmetry axis of the object based on one or more symmetrical festures of the object; and
generating the images of the object by the expanding and confracting the received image around
the central symmetry axis and a second axis, The parts rotation module may be further
confipnred to determine a depth and a portion of the object closest to an image capture device by
exiracting outlines of portions of the object based on a reflectivity of the portions; and combine
the portion of the object closest to the image capture device with the images of the object in
projection areas corresponding to rotational angles.

(8063} According to some examples, the second axis may be substantially perpendicular o

the central symmetry axis. The detection control module niay be further conligured to assign
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weight values to the stored images. The detection control tuodule may be configured o assign
weight values to the stored images by assigning an initial weight value 10 each stored image; and
nerementing a weight value of an noage that s maiched to the captured image of the object by
the image recognition medule.

{0064} According to yet other examples, a system for 3D object rotation-based mechanical
parts selection through 213 image processing is described. The system may include a detection
control module configured to oblain images of an object, where each mnage corresponds io a
distinet white balance value and a rotation state of the object; store the tmages along with an
mnage identifier for each image, g parts identifier common 0 one o1 more images, and a weight

value for each image, where the part identifier indicates images that ave associsted with a single
object; and in response 1o a request from an image recognition module, provide ong or more
tmages of the object o the image recognition module such that the object 1s recognized by the
image recognition module based on a comparison of the provided one or more images to &
captured image of the obyect. The system may slso inchude an image capture device configured
to capture an image of a target object and an object recognition module configured to receive the
one ar more of the images from the detection control medule; compare the one ar more of the
images to the captured insage of the target object; and in response to a determination that one of
the images matches the captured image of the target obiect, recognize the target object as the
ohject associated with the one of the images.

[8065] According to further examples, the system may also inelude a whie balance
adjustment module configured o vary a white balance value of the received image incrementally
foreach of the images; and a parts rotation module configured to adjust a rotation state of the
object in cach image by detecting a central symmetry axis of the ohjeet based on one or mere
symmetrical features of the object; and geverating the images of the object by the expanding and
contracting the received bnage around the central symmetry axis and a second axis, The parts
rotation module is further configured to determine a depth and a portion of the object closest {o
an image caplure device by extracting outlines of portions of the object based on a reflectivity of
the portions; and combine the portion of the object closest to the inage caplure device with the
innages of the object in pmjactiml areas corresponding to rotational angles. The system may be

integrated within parts picker system,
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[0066] There s little distinction feft between hardware and software implementations of
sapects of systems; the use of hardware or software is generally (but not always, 1n that in certain
contexis the choice between hardware and software may become significant) a design choice
representing cost vs, effiviency tradeoffs. There are various vehicles by which processes andéor
systems and/or other technologies described herein may be effecied (e.g. hardware, soltware,
andfor firmware), and that the preferred vehicle will vary with the context in which the processes
and/or systems and/or other technobogies are deployed, For example, if an implementer
determines that speed and aceuracy are paramount, the implementer may opt for g mainly
hardware and/or fiomware vehicle; if flexibility is paramount, the implementer may opt fora
mamly software implementation; or, yet again alternatively, the implernenter may opt for some
combination of bardware, software, andior firmware.

{0867} The foregotng detatled deseription has set forth various evabodivaents of the devices
andéor processes via the use of block diagrams, flowcharts, andfor examples. Tnsofar as such
block diggrams, Howcharts, andfor examples contain one or more funclions andfor operations, it
will be wnderstood by those within the art that each Runction and/or operation within such block
diggrams, flowcharts, or examples may be implemented, individually andfor collectively, by a
wide range of hardware, soltware, firmpware, or virtually any combination thereof. In one
embodiment, several portions of the subject matter deseribed heretn may be implemented via
application specific integrated circuits (ASICs), field programmable gate armays (FPGAS), digital
signal processors (ID8Ps), or other integrated formats, However, those skilled m the art will
recognize that some aspeets of the embodiments disclosed herets, in whole or in part, may be
equivalently implenented 1 integrated cireuifs, 85 one or more computer programs executing on
QIS OF MIOTS compuiers (2., 35 O0S OF MOTES Programs exectiing on one or More compuie:
SYSISMS), 348 0N OF MOTe Programs executing o One OF MOS Processors (4., 48 one or more
programs executing on ong of MOTe microprocessory), as firmware, or as virtually any
combination thereotf, and that designing the cirauitey andfor writing the code for the software and
or firmrware would be well within the skill of one of skill in the art in lght of this disclosure.

{0068} The presend disclosure is not 1o be linted in terms of the particular embodiments
described in this application, which are intended as iHustrations of various aspects. Many
modifications and vartations can be made without departing from its spirit and scope, as will be

apparent to those skilled in the art. Functionally equivalent methods and apparatuses within the
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scope of the disclosure, i addition to those enumerated herein, will be apparent to those skilled
in the art from the foregoing deseriptions. Such muodifications and variations are intended to fall
within the scope of the appended claims, The present disclosure is {o be hunitled only by the terms
of the appended clatms, along with the full scope of equivalents to which such claims are

eutitled, 1t 15 also 1o be understood that the terminology used hevein is for the purpose of
describing particutar embodiments only, and is not intended to be hmiting.

[0069] In addition, those skilled in the art will appreciate that the mechanisms of the
subject matter described herein are capable of being distributed as a program produoct in a variety
of forms, and that an iHasteative embodioent of the subject matter described herein applies
regardless of the particular type of signal bearing medium used to actually carry oot the
distribution. Examples of a signal bearing medium include, bt are not limited to, the following:
a vecordable type wmeditan such as a floppy disc, @ hard disc drive, & compact dise (CUD), a digital
versatile disc (DVD), a digital tape, & computer memory, a solid state drive, ete; and a
transmission type medium such as @ digial and/or an analog commumication medium (e.g.,
fiber optic cable, a waveguide, a wired communications Hnk, a wircless communication lnk,
aie. )

{0870 Those skilled in the art will recognize that it is common within the art to desertbe
devices and/or processes i the fashion set forth herein, and thereafier use engingering practices
to integrate such descrbed devices andfor processes into data processing systems. That is, at
least a portion of the devices andfor processes desoribed harein may be integrated into a data
processing system via a reasonable amount of experimentation. Those having skill in the art will
recognize that a data processing system may wchude one or more of a system umit hovsing, a
video display device, a memory such as volatile and non-volatile memory, processors such as
microprocessors and digial signad processors, computational eatities such as operating systerns,
drivers, graphical user interfaces, and applications programs, ¢ne or more interaction devices,
such as @ touch pad or screen, andfor control systems including feedback loops and condrol
motors {e.g., feedback for sensing position and/or velocity of gantry systems; control motors to
move and/or adjust components and/or quantities).

{0071 A date processing system may be implemented utilizing any saitable commereially
svgilable components, such as those found in data computing/comumunication and/or network

computing/communication systems. The herein described subject matter sometimes iustrates
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different components contained within, or connected with, different other components. § is to be
understoed that such depicted architectures are merely exemplary, and that in fact many other
architectures may be tmplemented which schieve the same fmetionality. In a conceptual sense,
any arangement of components to achieve the same functionality is effectively "associated”
such that the desired functionality is achieved. Hence, any two components herein combined to
achieve a particular functionality may be seen as "associated with" each other such that the
dewred functionality is achieved, trrespective of architectures or intermediste compenents,
Likewise, any two components so associated may also be viewed as being "operably connected”,

"operably coupled”, to cach other to achieve the desived functionality, and any two
components capable of being so associated may also be viewed as being "operably couplable™, to
each other to achieve the desired functionality. Specific examples of operably couplable include
but are not limited to physically connectable and/or physically interacting components andior
wirelessly interactuble andifor wirelessly inferacting components andfor logivally interacting
anddor logically interactable components,

[OU72] With respect to the use of substantially any phural anddor singular terms heramn,
those having skill in the art can translate from the plural to the singular andior from the singular
ko the plural as 1s appropriate to the context and/or application. The various singalay/plural
permutations may be expressly set forth herain for sake of clarity.

100731 It will be understood by those within the ant that, in general, terms used herein, and
especially in the appended olaims {e.g., bodies of the appended clains) ave generally intended as
“open” terms {e.g., the term “inclading” should be mnterpreted as “including but not imited t,”
the term “having™ shoold be interpreted as “having at least.”™ the term “includes™ should be
mterpreted as “inclodes but is not limited t0,” ete.). It will be further understood by those within
the art that if a specific number of an introduced ¢laim recitation is Infended, such an infent will
be explicitly recited in the claim, and in the absence of such recitation no such intent is prosent.
For example, as an aid to understanding, the following appended claivas may contain usage of
the introductory phrases "at least one” and "one or more” to mtroduce claim recitations.
However, the use of such phrases should not be construed {0 imply that the introduction of a
claim recitation by the indefinite wticles "a" or "an® limits any particular claim containing such
intraduced claim recitation to embodiments containing only one such recitation, even when the

same claim includes the introductory phrases "ong or more” ot "al feast one” and indelinite
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articles such as "a" or "an” (e, M anddor “an™ should be inferpreted to mean “at least one™ or
“one or taore™): the same holds true for the use of definite articles used 1o mtroduce claim
recitations, In additton, even if » specific number of an introduced claim recitation is explicily
recited, those skilled in the art will recognize that such recitation should be interpreted to mean at
least the recited mumber {e.g., the bare reciiation of "two recitations,” without other modificrs,
means 8t feast two recitations, or two or more recitations).

{8074} Furthermore, in those instances where @ convention analogous o Vat loast ene of A,
B, and €, ete.” 15 used, it general such a construction 1s intended m the sense one having skill in
the art would understand the convention {e.g., ™ a systen: having at least one of A, B, and O
would melude but not be limated to systems that have A alose, B alone, Calone, Aand B
together, A and C together, B and C together, and/or A, B, and C ogether, eto). 1twill be further
understood by those within the art that virtually any digjanctive word and/or phease presenting
two or more alternative terms, whether 1n the description, claims, or drawings, should be
understood {o contemplate the possibilities of mcluding one of the terms, either of the terms, or
both terms, For example, the phrase A or B will be understood to include the possibifities of
“ATar BT or*Aand B

[875] As will be wnderstood by oune skilled in the art, for any and all purposes, sach as in
terms of providing a written deseription, all ranges disclosed berein alse encompass any and all
passible subranges and combinations of subranges thereof. Any listed range can be easily
recosmized as sufficiently describing and enabling the same range being broken down into at
least equal hadves, thirds, quarters, {ifths, tenths, ote. As a non-limiting example, each range
discussed herein can be readily broken down 1isto @ lower third, middle thivd and apper third, ete.

Az will also be understood by one skalled in the art all lansuage such as “up to.” “at least™
v rod g } * g

“greater than,” “less than,” and the like mclude the nwmber rectied and refer to ranges which can

be subsequently broken down into subranges as discussed above. Finally, as will be understood
by one skilled ia the ard, & range includes cach individoal member. Thus, for example, a group
having 1-3 cells refers to groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers
to groups having 1, 2, 3, 4, or 3 ¢ells, and so forth,

[0476] While vartous aspects and embodiments have been disclosed herein, other aspects

and embodiments will be apparent to those skilled in the art, The various aspects and
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embodiments disclosed herein are Tor purposes of tHustration and ave not intended to be limiting,

with the true scope and spirit being indicated by the following claims.
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CLAIMS
WHAT IS CLAIMED IS
1. A method for 31 object recognition through rotation-based 2D image processing, the
wethod conyprising:
obtaining a plurality of images of an object, wherein each image corresponds to a distinet

white balunce value and 8 rotation state of the object;

storing the plurality of images alosg with an image identifier for each image, a parts
identifier conymen to one or mwre mnages, and a weight value for each image, wherein the part
wdentifier indicates images that are assoctated with g single object; and

in response to a reguest from an inrage recognition module, providing one or more
tmages of the object to an fmage recognition moedule such that the object is recognized by the
image recognition module based on a comparison of the provided one or more images to a

captured image of the obyect.

2. The methiod of claim 1, wherein obtaining the plurality of images of the object comprises:
capturing the plarality of finages at distinet exposure settings and for distinet rotation

states of the obiect.

3. The method of elaim 1, wherein obtaining the phivality of tmages of the object comprises:

recelving an image of the object; and
generating the plurality of images of the object from the received bmage using a plurality

of white balance values and & plurality of rotation states.

4, The metheod of claim 3, wherein generating the plurality of images of the object
comprises

varying a white balance value of the received image incrementally for sach of the
plurality of images.
3. The method of claim 3, wherein generating the plurality of images of the olyject from the

received image using the pluralily of rotation states comprises:
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detecting a central symmetry axis of the object based on one or more synunetrical
features of the object; amd
generating the plurality of images of the object by the expanding and coutracting the

received image around the central symmetry axis and 8 second axis.

6. The methed of elaim 3, Huther comprising:
determining a depth and g portion of the object closest to an inage capture device by
extracting outhines of portions of the object based on a reflectivity of the portions; and
combining the portion of the object closest to the image capture device with the plurality
of images of the object in projection areas corresponding to a plurality of rotationa] angles.
7. The method of ¢latm §, wherein the second axis 1§ substantially perpendicular o the

central syounetry axis.

8. The methed of ¢laim 1, further comprising:

assigning weight values to the stoted plurality of images.

9, The method of elaim 8, wherein assigning weight values to the stored plurality of images
COMPpTISes:

assigning an initial weight value to each stored image; and

incrementing a weight value of an image that is matched to the captured image of the

object by the image recognition moedale,

10, The method of claim 1, further comprising:
reducing a noise caused by reflection from uther objects in vach of the plurality of tages

of the object,

1. A meihod for 3D obje ognition through rotation-based 21 #mage processing, the
method comprising:

receiving a captured image of a target abject;

[
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receiving a pluvality of images from an image database, along with an image identifier for
zach image, a parts identifier common to oneor more mages, and a weight value tor cach image,
wherein the part identifier indicates images that are gssociated with an object, and wherein gach
image corresponds to a distinet white balance valae and & rotation state of the object;

comparing the phuality of images to the captured image of the target object; and

in rexponse 1o a determination that one of the plurality of images matches the captured
image of the target object, recognizing the target object as the object associated with the ong of

the plurality of images.

12 The method of ¢l 11, Ruther comprising:

in response to & determination that none of the plurality of images matches the captured
tmage of the target object, adjusting one or more of & white balance valoe and a rotation state of
the captured image of the target object; and

comparing the plurality of images to the adjusted captured image of the target object.

13, The method of elaim 11, forther comprising:
providing teedback assoctated with the determination to a detection control module
configured to manage a database that stores the plurality of images such that a weight value of

the one of the plurality of iuages is updated at the database.

14, The method of claim 11, further comprising:
iteratively elininating 1ncousistencies due to one or wmore of & light refllection, a rotation,

and a center point or Hine of the tarpet object.

15, Asystem for 312 object retation-based mechanical parts selection through 2D image
processing, the system comprising:
a detection control module configured to:
obtain a plurality of images of an object, wherein cach image corresponds o &

distinet white balance valae and a rotation state of the objeet;
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store the plurality of images along with an image identifier for each image, a parls
identificr common 0 one or more inages, and a weight valug for cach mage, wherein
the part identifier indicates ymages that are asseciated with & single ohject; and

in response to a request from an image recognition module, provide one or more
images of the objedt to the Image recogmition modale such that the object is recognized
by the image recognition module based on a comparison of the provided one or more

images to a captured image of the object.

16, The systemy of claim 15, wherein the detection control moedule is configured to obtamn the
phurality of tmages of the object through capture of the plurality of images with an image capture

module at distinet exposure settings and for distinet rotation states of the object,

17, The system of claim 15, wherein the detection control module s configured 1o obtain the
plurality of tmages of the object by receiving a 2D image of the object and gencraling the

phurality of ima

o

ges of the object from the recetved image using a plurality of white balance

values and a plurality of rotation states.

18, The system of claim 17, further comprising:
a white balance adjustment module configured to:
vary a white balance value of the recetved image incrementally for each of the

plurality of images.

19, The system of claim 17, further comprising:
a parts rotation module configured o
adjust u rotation state of the object in each image by:
detecting a central symmetry axis of the oliect based on one or more
symmetrical features of the object; and
generating the plurality of images of the object by the expanding and
contracting the received image arowund the ventral symmetry axis and a second

axis.

2
~3
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20, The system of claim 19, wherein the parts rotation module is further configured to:
determine a depth and a portion of the object closest to an image caplore device
by extracting outlines of portions of the object based on a reflectivity of the portions; and
contbing the portion of the obiect closest to the image capture device with the
phurality of images of the object in projection areas corresponding to & plarality of
rotatinnal angles,
210 The systent of claim 19, wherein the second axis is substantially perpendionfar to the

central symimelry axis.

22, The system of clatm 15, wherein the detection contrel module s further conhigured to:

assign weight values to the stored plurality of images.

23, The gystem of clam 22, wherein the detection control modale is configured to assign
weight values to the stored plurality of images by:

assigning an intlial weight valae to each stored 1mage; and

incrementing & weight value of an image that is matched to the captured image of the

ahject by the image recognition module,

24, A system for 31D object rotation-bazed mechanical parts selection through 21 iimage
processing, the system comprising:
a detection controd module configured to:
obtain a plurality of Images of an object, wherein gach image corresponds o a
distinct white balance value and a rotation state of the objeet;
store the plurality of tmages along with an image identifier for each image, a parts
identifier common o one or muore images, and a weight value for each image, wherein
the part identilier indicates images that are associated with a single object; and
in response to a request from an image recognition module, provide one or more

images of the object to the mmage recognition module such that the object 1s recognized
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by the image recognition module based o a comparison of the provided one or more
images 1o a captured image of the ohject;
gu tmage captire device configured to:

capture an image of a target object; and
the object recognition module configured o

receive the one or more of the phurality of bnages from the detection control
madule;

compare the one or more of the phurality of images to the captured image of the
target object; and

i response to o determination that one of the plurality of images matches the
captured tnage of the target object, recognize the target object as the olyect associated

with the eneof the plomiity oUimages.

25, The system of claim 24, further comprising:
a while balance adjustment modole configored ton
vary a white halance value of the recetved image incrementally for each of the
plorality of images; and
a parts rotation module configared to:
adjust a rotation state of the ohiject in cach image by
detecting a conteal symmetry axis of the object based on one or more
symmetrical features of the object; and
generating the plurality of tmages of the objoect by the expanding and
contracting the received mnage around the contral symmetry axis and a second

axis,

26.  The system of claim 25, wherein the parts rotation module 18 further configured o
determine a depth and a portion of the object closest to an image caplure device
by exiracting cutlines of poriiens of the object based on a reflectivily of the portions; and
combine the portion of the object closest to the image capture device with the
plurglity of images of the object in projection areas corsesponding 0 a plurality of

rotational angles
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27 The systemof claim 27, wherein the systen is integrated within parts picker system.
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