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BACKGROUND

Field

20 This disclosure generally relates to image processing, and

particularly to computationally processing images of a stack of objects.



merchandise may be associated with a value, for instance a monetary value. A business may need to
verify, inventory or account for coins, tokens or chips, each 10 of which may be associated with some
value, for instance of monetary value. Such coins, tokens or chips, may be stacked in one or more
piles or stacks. Verification, inventorying or accounting may include determining whether any objects
are present, determining a total number of distinct objects in a stack, determining a value of each
object that is present and/or determining a 15 cumulative value of the objects. Such is often performed
by hand or by eye, with an individual manually counting the objects, visually assessing a value of
each object, DasyrigtimhrottitalRedsEessing a cumulative value of the objects. Recently, some
machine-vision based systems have.been proposed to.automate the verification, inventorying or
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Such coins, tokens or chips, may be stacked in one or more piles or stacks.

Verification, inventorying or accounting may include determining
whether any objects are present, determining a total number of distinct objects in a
stack, determining a value of each object that is present and/or determining a
15 cumulative value of the objects. Such is often performed by hand or by eye, with
an individual manually counting the objects, visually assessing a value of each
object, if any, and mentally assessing a cumulative value of the objects.
Recently, some machine-vision based systems have been proposed
to automate the verification, inventorying or accounting functions. Many of the
20 proposed machine-vision based systems have not been commercially successful.
The lack of commercial success may be attributable to a variety of factors, for
example high computational requirements requiring expensive processors and/or
long processing times, inaccuracies, etc. New machine-vision based approaches

to verifying, inventorying or accounting for stacks of objects are desirable.

25 BRIEF SUMMARY
A method of computationally processing images of areas which may
contain objects may be summarized as including acquiring a pixelated color image

of an area as a set of pixilated color image data at least temporarily stored in at



of a bottom of a stack of objects in the set of two color contour image data and to find a location of a
top of the stack of objects in the set of two color contour image 10 data, if any objects are in the at
least portion of the area, wherein the stack of objects includes at least one object if any objects are in
the at least portion of the area; computationally determining by the at least one processor a total
number of objects in the stack, if any based at least in part on a knowledge of the location of the
bottom of the stack of objects and the location of the top of the stack of objects; 15 computationally
processing by the at least one processor a portion of the set of pixelated color image data based on
the knowledgéeabtive dopaitas b theduitemuddiben stackpoftafijeciisy ane pheckssitig b phtiedsp of the
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color contour §bREEs includes at least one object if any objects are in the at least portion of the
area; computationally determining by the at least one processor a total number of
objects in the stack, if any based at least in part on a knowledge of the location of
the bottom of the stack of objects and the location of the top of the stack of objects;
15 computationally processing by the at least one processor a portion of the set of
pixelated color image data based on the knowledge of the location of the bottom of
the stack of objects and the location of the top of the stack of objects to
respectively classify each object in the stack of objects into one of a defined set of
color classes; and computationally determining by the at least one processor a
20 cumulative total value of the stack of objects based at least in part on the color
class to which each of the objects in the stack of objects is classified. Acquiring a
pixilated color image of an area may include capturing a color image by at least
one image acquisition device of at least a portion of a gaming table from a position
spaced at a non-zero degree and non-perpendicular angle out of a plane of a
25 playing surface of the gaming table.
Computationally preprocessing by at least one processor the set of
pixelated color image data for at least a portion of the area to produce a set of two
color contour image data may include: comparing a set of pixilated color image

data representing a pixelated reference image of the area to the set of two color



data; and adding back to the set of two color contour image data an element of average background
color of the area. Computationally preprocessing by at least one processor the set of 10 pixelated
color image data for at least a portion of the area to produce a set of two color contour image data
may include: color balancing a set of pixilated color image data representing a pixelated reference
image of the area to have it more closely match the set of two color contour image data, said
reference image having no stack of objects; rotating the set of two color contour image data to 15
compensate for camera distortion for one or more stacks of objects that are near edges of the two
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color contour image data may include: color balancing a set of pixilated color
image data representing a pixelated reference image of the area to have it more
closely match the set of two color contour image data, said reference image having
no stack of objects; rotating the set of two color contour image data to

15 compensate for camera distortion for one or more stacks of objects that are near
edges of the two color contour image data; aligning the set of pixilated color image
data representing the pixelated reference image and the set of two color contour
image data to account for movement of an image acquisition device used to
acquire the pixelated color image; subtracting the set of pixilated color image data

20 representing a pixelated reference image of the area from the set of two color
contour image data; and adding back to the set of two color contour image data
image data representing an element of average background color of the area; and
either before the subtracting or after the subtracting, converting the set of pixilated
color image data representing the pixelated reference image of the area and the

25 set of two color contour image data to gray scale if the converting to gray scale
had been determined likely to improve accuracy of the determining of the total
number of objects in the stack.

Computationally preprocessing by at least one processor the set of

pixelated color image data for at least a portion of the area to produce a set of two



The eliminating extraneous pixels that are not part of groups may comprise: passing a template
shaped as a stack object over the set of two color contour image data; counting a number of contour
pixels within an area defined by the template for each location of the template on the set of two color
contour image 10 data; and eliminating all pixels outside the area defined by the template at each
location if the number of contour pixels within the area defined by the template contains the minimum
threshold number of pixels. The method of method of computationally processing images may further
comprise: before computationally determining by the at least one processor 15 a total number of
objects in the ssamkcalatarmimays alberizeytdiceaténclitee sliatk afirmppdtahases mran favarall
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based oq e cri%%a;lsésr%gce Fr%nriating all pixels outside the area defined by the template at each
location if the number of contour pixels within the area defined by the template
contains the minimum threshold number of pixels.
The method of method of computationally processing images may
further comprise: before computationally determining by the at least one processor
15 atotal number of objects in the stack, determining a horizontal center of the stack
of objects based on an overall concentration of contour pixels in the set of two
color contour image data; and determining an estimated height of individual
objects in the stack of objects based on a mean/average height of an individual
object of the stack rationalized for a distance between an image acquisition device
20 used to acquire the pixelated color image and an expected location of the stack,
said distance adjusted based on the location of the bottom of the stack at the
determined horizontal center of the stack relative to the expected location of the
stack of objects.
The method of method of computationally processing images may
25 further comprise reclassifying an object into a different color class based on a
determination that a color of the object is obscured by a shadow in the pixelated
color image.
The reclassifying an object into a different color class may include:

determining whether pixels of an object previously classified as black surpass a



5 Computationally preprocessing by at least one processor the set of pixelated color image data for at
least a portion of the area to produce a set of two color contour image data may include: converting at
least a portion of the set of the pixelated color image data to a set of gray scale image data; and edge
detection filtering the set of gray scale image data to produce a set of contour 10 image data.
Computationally preprocessing by at least one processor the set of pixelated color image data for at
least a portion of the area to produce a set of two color contour image data may further include:
converting by the at least one processor at least a portion of the set of contour image data to a set of
black and 15timeaité clontegurihag HEB vEloep ufdtionplyl prepbredasyifivigthieasttjeoeimmwaessor the
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Computationally preprocessing by at least one processor the set of
pixelated color image data for at least a portion of the area to produce a set of two
color contour image data may further include: converting by the at least one
processor at least a portion of the set of contour image data to a set of black and
15 white contour image data.
Computationally preprocessing by at least one processor the set of
pixelated color image data for at least a portion of the area to produce a set of two
color contour image data may further include: eliminating extraneous pixels from
the set of two color contour image data. Converting by the at least one processor
20 at least a portion of the set of contour image data to a set of black and white
contour image data may include: converting by the at least one processor a set of
gray scale contour image data to a set of hue, saturation, and brightness (HSB)
contour image data; and converting by the at least one processor the set of HSB
contour image data to the set of black and white contour image data.
25 Computationally preprocessing by at least one processor the set of
pixelated color image data for at least a portion of the area to produce a set of two
color contour image data may further include: logically segmenting the two color
contour image data into a set of target pixel areas, each of the target pixel areas

including a set of n by m pixels.



the set of two color contour image data by: for each target pixel area of the set of 5 target pixel areas,
eliminating all contour pixels in the target pixel area from the set of two color contour image data if a
total number of the contour pixels in the target pixel area is less that a threshold number of pixels per
target pixel area; and for each target pixel area of at least some of the set of target pixel areas,
eliminating all contour pixels in the target quadrant from the set of two color contour image 10 data if
the target pixel area has less than a nearest neighboring threshold number of nearest neighboring
target pixel areas. Computationally processing by the at least one processor the set of two color
contour image data to find @dmmpﬁimnimalbtpﬂtepnmdﬂmppbalembné plrieetsor the set of two color
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Computationally processing by the at least one processor the set of
two color contour image data to find a location of a bottom and a top of a stack of
objects in the set of two color contour image data may include: applying a sample

15 bounding box at successive intervals to groups of target pixel areas of the set of
target pixel areas to find a location of the bottom the stack of objects, each of the
groups of target pixel areas including at least some target pixel areas with contour
pixels of the set of two color contour image data that are below a determined upper
location in the set of two color contour image data; determining a bottom quadrant

20 to be the sample bounding box that includes the group of target pixel areas with
the highest number of target pixel areas having contour pixels; determining
whether a width of the target pixel areas included in the bottom quadrant fits a face
ellipse of an object; determining whether a width of the target pixel areas included
bottom quadrant fits a face ellipse of an object; determining that there is no stack

25 present when the width does not fit the face ellipse; and determining a location of
the bottom of the bottom quadrant when the width fits the face ellipse.

Computationally processing by the at least one processor the set of
two color contour image data to find a location of a bottom and a top of a stack of

objects in the set of two color contour image data may include: determining a



pixel areas found within a left and right boundary of the bottom quadrant. Computationally processing
by the at least one processor the set of 5 two color contour image data to find a location of a bottom
and a top of a stack of objects in the set of two color contour image data may include: successively
applying a sample bounding box to groups of target pixel areas of the set of target pixel areas at
successive intervals from a determined bottom of the stack of objects until a top streak of target pixel
areas contained within the sample 10 bounding box is empty. Computationally processing by the at
least one processor the set of two color contour image data to find a location of a bottom and a top of
a stack of objectgiontbessbbitd wofdhbbotiotouintrget (Hmameysinglui@wrﬂmwmiaiagiagw abounding
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Computationally processing by the at least one processor the set of

two color contour image data to find a location of a bottom and a top of a stack of
objects in the set of two color contour image data may include: determining a top
bounding box based on the values of the sample bounding box with the sample

15 bounding box positioned such that the top streak of target quadrants contained
within the sample bounding box is empty; successively applying the sample
bounding box at successive intervals to find a sample quadrant that fits an elliptical
pattern; determining a list of coordinates of the target quadrants that intersect a top
arc and a bottom arc of an imaginary ellipse the size of the sample bounding box;

20 determining a total number of target quads that overlap the target quadrants of the
imaginary ellipse from the sample bounding box; and determining the sample
bounding box position with the most number of overlaps as the top quadrants.

Computationally processing by the at least one processor the set of

two color contour image data to find a location of a bottom and a top of a stack of

25 objects in the set of two color contour image data may include: determining a total
number of objects in the stack by determining a difference in the bottom of the top
quadrant and a bottom of a bottom quadrant and a mean/average height of an
individual object rationalized for a distance between the image acquisition device
and the stack of objects.



the set of pixelated color image data based on a knowledge of a location of a bottom of the stack of
objects and a location of a top of the stack of objects to respectively classify each object in the stack
of objects into one of a defined set of 5 color classes may include: for each of the objects, classifying a
number of pixels in a color pixel streak to respective hue, saturation, and brightness (HSB) values
that represent the hue, saturation and brightness of the number of pixels, the color pixel streak
composed of a subset of the pixels between a top arc and a bottom arc of an ellipse of the object. 10
Computationally processing by the at least one processor a portion of the set of pixelated color image
data based on the knowledgemptheatiocalip protdssidptipnhefahestackepedjestoangptrtdaasition of
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the set of pixelated color image data based on the knowledge of the location of the
bottom of the stack of objects and the location of the top of the stack of objects to
respectively classify each object in the stack of objects into one of a defined set of
color classes may further include: for each of the objects, classifying the number
15 of pixels in the color pixel streak to respective fundamental colors based on
defined relationships between HSB values and a defined set of fundamental
colors.
Computationally processing by the at least one processor a portion of
the set of pixelated color image data based on the knowledge of the location of the
20 bottom of the stack of objects and the location of the top of the stack of objects to
respectively classify each object in the stack of objects into one of a defined set of
color classes may further include: for each of the objects, determining whether the
classified fundamental colors of the color pixel streak is in a set of color drift colors.
Computationally processing by the at least one processor a portion of
25 the set of pixelated color image data based on the knowledge of the location of the
bottom of the stack of objects and the location of the top of the stack of objects to
respectively classify each object in the stack of objects into one of a defined set of

color classes may further include: for each of the objects, determining whether the



fundamental color and a number of defined secondary fundamental colors. Computationally
processing by the at least one processor a portion of the set of pixelated color image data based on
the knowledge of the location of the 5 bottom of the stack of objects and the location of the top of the
stack of objects to respectively classify each object in the stack of objects into one of a defined set of
color classes may further include: for each of the objects, if the classified fundamental colors of the
color pixel streak are not in the set of color drift colors and the classified fundamental colors of the
color pixel streak are not one of the 10 defined primary fundamental color or the defined secondary
fundamental eidwssfiele temianmgnéafwuienn entabanr piseldsteak raeshasfineahpeivharghared by the

pixels of the ¢ Ior |er Com utati naII p in tIe st on essor a portion of
fho set of prd LS BETEHERE A A P S D R O A LIOR AT 08 bottom of he
;srtlackt of ;bjfects a?d the Ioc@@mp@ﬁa?im?w ?fcbbeﬁfattgkmyf m@mt&a@ﬂetapmwysd?aqmbmm?gﬁbject in

e SstaCK Oor O ecsmoon inea se or cl a r oeac e
objects, deter e} 8 VGO A bR ACE s DRSS AE RIS e R UL (ened set
of fundamenmmrdqw@mbkdﬂeb@mmw @@éﬂompﬂthﬁqoplbf }ﬂnetmasmgfmb;bet@tdeast one
processor a pOI‘tI

the. bottom of SR LATRLAEAR) FRGELP SHaFE BSDFAE DR b S8 Bbavely
classify each @@J@Cbllalsé’&mfgﬁhbrﬁﬁtsudm doeeion detinedisiety, itater classiisanay further
include: summln the deter |ned f ea 25 ob ects A be s mmarized as
including at Ieéﬂ mﬂegceg]%?p?u %%FQTCF%PE% bq?ﬁé@rt%% HGlII Taﬁ@fﬁg éﬂﬂ é?é% of an area
as a set of pisatnted cmgsiﬁ@agarmtmewr@l ableasbpie @bj@etpﬁmlsﬁ@an seBitesiesn having at
least one 8 ro???n%dagg rr?érl)? ? g nr%esrg?é elcgp %glt $ ég?'%ghlggggr%gary fundamental colors,
determining a fundamental color based on a most common color shared by the
pixels of the color pixel streak.
Computationally processing by the at least one processor a portion of
the set of pixelated color image data based on the knowledge of the location of the
15 Dbottom of the stack of objects and the location of the top of the stack of objects to
respectively classify each object in the stack of objects into one of a defined set of
color classes may further include: for each of the objects, determining a value of
the object based on a determined fundamental color and a defined set of
fundamental color to object value relationships.
20 Computationally processing by the at least one processor a portion of
the set of pixelated color image data based on the knowledge of the location of the
bottom of the stack of objects and the location of the top of the stack of objects to
respectively classify each object in the stack of objects into one of a defined set of
color classes may further include: summing the determined values of each of the
25 objects.
A system may be summarized as including at least one image
capturing device configured to acquire a pixelated color image of an area as a set
of pixelated color image data; and at least one object evaluation computing system

having at least one processor and at least one storage medium that at least
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temporarily stores a the set of pixelated color image data, the object evaluation computing system
configured to: preprocess using the at least one processor the set of pixelated color image data for at
least a portion of the area to produce a set of two color contour image data that represents at least the
portion of the pixilated 5 color image; process using the at least one processor the set of two color
contour image data to find a location of a bottom of a stack of objects in the set of two color contour
image data and to find a location of a top of the stack of objects in the set of two color contour image
data, if any objects are in the at least portion of the area, wherein the stack of objects includes at least
one object if aBynpbjecily aterss Hotitlresat EHasik platiacofdhrraga ddedethabjasingvtilaaideast one

I b bj in th K, if based at | ' knowl fth
ocation of & BIRTS He SR DI RO P RSEAOR ) e T or D e s,

process usingstiehpiealsteneqontestre dap@ftoatdetise seiopfipixefatedaetdpagiidata dstsed on
the knowledge of the location of the bottgm of 15 the stack of objects and the loc¢gtion .of the top of the
Y d S RbeAr LA B 810

stack of objectd WOELPLGRERMEIHLHS dat, BBjEPTs$hE 8 REHRB BhGRLURE set of
color classes;calst (latgyaiposigudiagiHeastioast pracpasesssouinglssveftaial coidue@itthe stack of

bjects based at least | t on the col to whi h of.the objects.in th k of objects i
Classifed. 20 FHRSAER OB CE DT Ao o B R HIES DO RES: SOOI
preprocess ugipgtte iahierst arcap s fsardhecstibal diixciatast datostdoragieotidatdyn coggetring a set

f pixilated colqr i dat ti ixelated ref i f th to th tof t
color contour ThLI AH QAo TRALE A RGP s S8R B bEIERS AR MRS imeguiaiies

from 25 the sefrehwoeeior tbenstidkiviogsistasd asoided atstack oholjpRistin drg bgeeaairemmtour
image data based on the comparing. The removing irre ulariﬁi“%s may comprise: subtractin fhe set of
pixilated k@lo?ﬁ\%&@é‘*éﬁi&’?& B P AR NG N3 A5 Rl I CegsOr a tota

number of objects in the stack, if any based at least in part on a knowledge of the
location of the bottom of the stack of objects and the location of the top of the stack
of objects; process using the at least one processor a portion of the set of
pixelated color image data based on the knowledge of the location of the bottom of

15 the stack of objects and the location of the top of the stack of objects to
respectively classify each object in the stack of objects into one of a defined set of
color classes; and determine using the at least one processor a cumulative total
value of the stack of objects based at least in part on the color class to which each
of the objects in the stack of objects is classified.

20 The at least one object evaluation computing system may be further
configured to preprocess using the at least one processor the set of pixelated color
image data by: comparing a set of pixilated color image data representing a
pixelated reference image of the area to the set of two color contour image data,
said reference image having no stack of objects; and removing irregularities from

25 the set of two color contour image data around a stack of objects in the two color
contour image data based on the comparing.

The removing irregularities may comprise: subtracting the set of

pixilated color image data representing a pixelated reference image of the area
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from the set of two color contour image data; and adding back to the set of two color contour image
data an element of average background color of the area. The at least one object evaluation
computing system may be further configured to preprocess using the at least one processor the set of
pixelated color 5 image data by: color balancing a set of pixilated color image data representing a
pixelated reference image of the area to have it more closely match the set of two color contour image
data, said reference image having no stack of objects; rotating the set of two color contour image data
to compensate for camera distortion for one or more stacks of objects that are near edges of the two
color 10 contdronmbgeaetedbhabgrtiing toaieelr dinpigdatethcatat #ddipe tack nepitesentinftthe pixelated

f [ d th t of t [ t i dat t, f tofani
acquisition dese GORIPH LDAYSSHIE BIkEISTBETI S AYRIAHE SARsLRRY FRISLal TS RiRRed color
@mage data representing a Pheteshstedercobpinags Luittbl_& evadpinomg _&ysmh @iﬁ&y@@cﬂwthg:_mtour
Clemont of sy e TILREAg BRI tor SFNE W6 LR SR FLRE thd G e RSP e

element of av&P4
subtracting, cirnagdiogtiheysebfripsiatethgeladnuigixilated wpoe seriieodie peetadedtigjeience
image of the area and the set of two colaﬁ contour in}z e data to g}ra%ﬁTcale if the converting to gray

scale had bedStARAJRIRFRIFRKENGS A IPE\H SR EDIE(FIt AR 8 &HeRIMIET e S Bl HWBer of
objects in the staskcde atiteage eize=0kjgicl re¥etoatiomtagephivIo GYistesthorayt abjessfigured to

ing.the at least th t of lated color i data by: eliminati
extrancous pRRR AR Sl CHPIBIEPRSHE P 385 Riga ASRTIET SR P COLSBETERE at east portion

of the area; aaRHIAGHNGnexiraneasIStakelDilujects Nbapar olarosscthat tidaast egliproximately
form the  shape of a stack object b@éed on a minimum threé;h Ld number of pixels. The eliminating
Bﬁfhr

, 0
extraneolfd pix@UQHAIBAIR YRELE RSP LBIIIHEE GO de A LER GReEG RS stack

object over thgiggbeidwerealate image and the set of two color contour image data to account

for movement of an image acquisition device used to acquire the pixelated color
image; subtracting the set of pixilated color image data representing a pixelated
reference image of the area from the set of two color contour image data; adding

15 back to the set of two color contour image data image data representing an
element of average background color of the area; and either before the subtracting
or after the subtracting, converting the set of pixilated color image data
representing the pixelated reference image of the area and the set of two color
contour image data to gray scale if the converting to gray scale had been

20 determined likely to improve accuracy of the determining of the total number of
objects in the stack.

The at least one object evaluation computing system may be
configured to preprocess using the at least one processor the set of pixelated color
image data by: eliminating extraneous pixels from the set of two color contour

25 image data that are outside the at least portion of the area; and eliminating
extraneous pixels that are not part of groups that at least approximately form the
shape of a stack object based on a minimum threshold number of pixels.

The eliminating extraneous pixels that are not part of groups may

comprise: passing a template shaped as a stack object over the set of two color
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12 contour image data; counting a number of contour pixels within an area defined by the template for
each location of the template on the set of two color contour image data; and eliminating all pixels
outside the area defined by the template at each location if the number of contour pixels within the
area defined by the template 5 contains the minimum threshold number of pixels. The at least one
object evaluation computing system may be further configured to: before computationally determining
using the at least one processor a total number of objects in the stack, determine a horizontal center
of the stack of objects based on an overall concentration of contour pixels in the set of two color 10
contour image:datau lamiagetdanain@oantmgimatﬂdtimighboﬁiodi\m}(ab (Wiiemsaim dhea slefirieaf pjects
based on a m avera e he ht oi an indivi #] t of th hstac gonal ed for a distance

R BB s

petween an i E‘é’cﬁ -eHE0CALen o 18 BRASEH" IOV iRl SRA'GHTdWed

location of thejatachnsmmmangeam@ueted)bwthe tiredadefiiosdddthiedoietitopatd theatack at the 15
determined h rlzontal ter of the sﬁack relative ?‘I-Fath e lfﬁacted Ioﬁf tlon gg‘the itack of objects. The
&

at least one o 8?:?% ?&Hr@gﬁ{pﬁ |?1?f'£%fé)rﬁ( RGN u‘?g {o ?3 ﬁn object into

a differentcolopiciaiss ltxa@mimmandm@rghmlatmnﬂbat afgsii@i®f the object is obscured by a shadow in
the pixelated 20 color image. The at Ieast one object evaluation computing system 3 configured
i i e e e

to reclassify an object by: d &l ﬂ@ WHER reﬁBFe\@ yf ﬂrb‘f)?é%?%'f@/ [R&Y, Ack

surpass a thregheiguregatsingfirSEdrmpluasaidine deteeisinamg usiclgsaifyantede ohieptdotssodifferent
color class if the threshogzl Io‘§5 surpassed. The at least one ohject evaI ation com utlng%em may

be further cofif Lﬁ‘bﬂ%] 1@ EJQRJ@%?%Q%B[@WG&% BF&?EH% Feeéfé%rsﬁ at least
one object evahjatignbeeapalingnsysiean smicbetfaribebtoofiuiesitelsonves sstleasia peigion of the

set of th% 8lxec!g}%gucrqllr%lqr2%ga?ad€gnd determine an estimated height of individual objects in the
stack of objects based on a mean/average height of an individual object of the
stack rationalized for a distance between an image acquisition device used to
acquire the pixelated color image and an expected location of the stack, said
distance adjusted based on the location of the bottom of the stack at the
15 determined horizontal center of the stack relative to the expected location of the
stack of objects.

The at least one object evaluation computing system may be further
configured to reclassify an object into a different color class based on a
determination that a color of the object is obscured by a shadow in the pixelated

20 color image.

The at least one object evaluation computing system may be
configured to reclassify an object by: determining whether pixels of an object
previously classified as black surpass a threshold regarding (HSB) values of the
pixels; and reclassifying the object into a different color class if the threshold is

25 surpassed. The at least one object evaluation computing system may be further
configured to re-determine a value of the object based on the reclassification.

The at least one object evaluation computing system may be further

configured to convert at least a portion of the set of the pixelated color image data
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13 to a set of gray scale image data and perform edge detection filtering of the set of gray scale
image data to produce a set of contour image data. The at least one object evaluation computing
system may be further configured to logically segment the two color contour image data into a set of 5
target pixel areas, each of the target pixel areas including a set of n by m pixels. The at least one
object evaluation computing system may be further configured to eliminate extraneous pixels from the
set of two color contour image data by: for each target pixel area of the set of target pixel areas,
eliminating all contour pixels in the target pixel area from the set of two color contour image data 10 if
a total numbetodd et obgtayrspixelinagdgleadtitgengige Harea asldesdaizatiatfisioddon timelsst aff pixels per
target pixel area; and for. each target pixel area of gt least some of the set of target pixel areas,
ey 365 g

eliminating allgégﬁt%%ﬁ %i%?sg% r@r&d('.fﬁgo? PHHRYMAYR8%8tor contour image data if the
target pixel area has less thag &t leayeshaoigietodng| tiateshothpuihe s pteearaal medbhbeng 15

t t pixel .Th least bject luati ti t be furth fi d to:
aprly & sampleo BRI B0 SPLL CEHISRE NS PG UNE Y TAGE ATREN UPeAS Brihe set o targe
pixel areas totfingba pistined, thachastaettae gstasikefzpbirciscieaniyef He graupsmfgnkgst pixel

includi t least 20 t t pixel ith cont ixels of th tof t I t
image data.that are below GG FAT GEPRF REAIFHTEEP U R EDR B IHAGE' cata;

determini ahb@crs;tﬁ@maddoaﬁﬂrtﬂdwet@m@m@?l@stmmfim@dnqhérmibchuﬂilaso(;@eo@muprowawet pixecll )
areas with the highest phumber of target pixel areas having . contour pixels; deteymine whether a widt
o1 e targot FiA8 Bon ol BRI O, SISt TSt T8 RS G568 o T G ctermine

whether a widibrabtheiatget Exciateapivel udes frottomen Bdianidito fashillipse ajeaabject;
determine tha,% there js no stac %r?%sent when the width does nat fi} the fac?e elli se;aand determine a

location &Pthe! BbIRiAh HTHRELBLEIR GRNRRYFEMyiRe target pixel area is less that

threshold number of pixels per target pixel area; and for each target pixel area of at
least some of the set of target pixel areas, eliminating all contour pixels in the
target quadrant from the set of two color contour image data if the target pixel area
has less than a nearest neighboring threshold number of nearest neighboring

15 target pixel areas.

The at least one object evaluation computing system may be further
configured to: apply a sample bounding box at successive intervals to groups of
target pixel areas of the set of target pixel areas to find a location of the bottom the
stack of objects, each of the groups of target pixel areas including at least some

20 target pixel areas with contour pixels of the set of two color contour image data
that are below a determined upper location in the set of two color contour image
data; determine a bottom quadrant to be the sample bounding box that includes
the group of target pixel areas with the highest number of target pixel areas having
contour pixels; determine whether a width of the target pixel areas included in the

25 bottom quadrant fits a face ellipse of an object; determine whether a width of the
target pixel areas included bottom quadrant fits a face ellipse of an object;
determine that there is no stack present when the width does not fit the face
ellipse; and determine a location of the bottom of the bottom quadrant when the

width fits the face ellipse.

14



width fits the face ellipse. 14 The at least one object evaluation computing system may be further
configured to: successively apply a sample bounding box to groups of target pixel areas of the set of
target pixel areas at successive intervals from a determined bottom of the stack of objects until a top
streak of target pixel areas contained 5 within the sample bounding box is empty. The at least one
object evaluation computing system may be further configured to: determine a top bounding box
based on the values of the sample bounding box with the sample bounding box positioned such that
the top streak of target quadrants contained within the sample bounding box is empty; successively
10 apply the sample boundling labieaksboeasisizet iotatuvatiotodordasagejetgmanranbdifattfier an
elliptical pattern:; Feter ine a list of coordlnat s of the ta L%eg%[] adr nts that |nter ct atLo1 arc and a

bottom arc of SIHHEAAR) eﬁHﬁSS%ﬂ'&eéﬁspd% {2 58 BAEBOR dEERRIRE t% % hber of
target quads thatagvsiriap te dfar@g‘eqpacbmmea@faheunmmawleﬂbp@s‘ﬁmmthedewnmlmémndmg box;

and 15 deter the sample boun Qsition w tht ost numb r of overl the top

quadrants. TROLPIBR RS G500 SR LR Lot PR B8 85 G AR S B CELRBRbd to:

determinesa teiahimmédeanfpdbjesimiirigestackebyptigtermining a difference in the bottom of the top

guadrant and a bottom of a bhottom quadrant and 20 3 mean/average height of an individual object
AL b

rationalized for a distance eof}ﬁacé%l HBHOReRLRPLGY %&%%k”a%@% e at least
one object evabmtgmewmpldmgr&Ma@mtmbdammn@bbmbaﬁgdr@dme ollasiyoioheactimyighe objects

that represenPASTHDA PS4 LT FAE B ASHABES SFthSRRDEP S BRAIEt e BAKERD Chreakc
composed of mgylhispiafrtrapbeitbeiveshia tap ssenpns obativng Bos &f empeliiRsecddbiogpject.
10 apply the sample bounding box at successive intervals to find a sample quadrant
that fits an elliptical pattern; determine a list of coordinates of the target quadrants
that intersect a top arc and a bottom arc of an imaginary ellipse the size of the
sample bounding box; determine a total number of target quads that overlap the
target quadrants of the imaginary ellipse from the sample bounding box; and
15 determine the sample bounding box position with the most number of overlaps as
the top quadrants.

The at least one object evaluation computing system may be further
configured to: determine a total number of objects in the stack by determining a
difference in the bottom of the top quadrant and a bottom of a bottom quadrant and

20 a mean/average height of an individual object rationalized for a distance between
the image acquisition device and the stack of objects.

The at least one object evaluation computing system may be further
configured to: classify for each of the objects a number of pixels in a color pixel
streak to respective hue, saturation, and brightness (HSB) values that represent

25 the hue, saturation and brightness of the number of pixels, the color pixel streak
composed of a subset of the pixels between a top arc and a bottom arc of an
ellipse of the object.

The at least one object evaluation computing system may be further

configured to: classify for each of the objects the number of pixels in the color
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The at least one object evaluation computing system may be further configured to: classify for each of
the objects the number of pixels in the color 15 pixel streak to respective fundamental colors based on
defined relationships between HSB values and a defined set of fundamental colors. The at least one
object evaluation computing system may be further configured to: determine for each of the objects
whether the classified 5 fundamental colors of the color pixel streak are in a set of color drift colors.
The at least one object evaluation computing system may be further configured to: determine for each
of the objects a value of the object based on a determined fundamental color and a defined set of
fundamental gl Kroblett reapertiefiomddnpentb) ERIESHEXETOR IS A FafibisiBis/ERAL VIEWS

OF THE DRAWINGS | drawings, identical reference numbers identify similar elements or acts.
The sizes an ?AY&%% Q§ ti\()E?‘lged% g‘ledrﬁed%i'ﬂ?#] %Pfﬁi‘ﬁ@é%@t"?ﬁ«?&%ssarny drawn to scale. For
example, the shapes of varibigsat leastréaandjcvnghes @atorot cirgwiting sgaiemaime o éuahidese

elements are arbitrarily enlarged 15 and positioned to improve drawing legibility. Further, the particular
Chapes of the- SUIRA 05 SRR Ao AP AN RAH S R R NGO 8farding the. actual
shape of the parideinneddawots, cindeheolehsigel stlehk setedied dor slassi@fdriftogiition in the
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Figure 2 is a sehwigatée dngotechiae etV tadiobjeemsrLtiag esysteavibiectishsgd®nnre
illustrated embodiment. Figure 3A is a representation of a digita] image of a number of, 25 demarcated
ot ol on AR e G AT e AL Sa LA L A 0E T SRIEChaion of
image sectiorvafubegkgitrishigge

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
In the drawings, identical reference numbers identify similar elements
or acts. The sizes and relative positions of elements in the drawings are not
necessarily drawn to scale. For example, the shapes of various elements and
angles are not drawn to scale, and some of these elements are arbitrarily enlarged
15 and positioned to improve drawing legibility. Further, the particular shapes of the
elements as drawn, are not intended to convey any information regarding the
actual shape of the particular elements, and have been solely selected for ease of
recognition in the drawings.
Figure 1 is a schematic diagram of an environment including an
20 object evaluation system and a surface on which a number of objects are stacked,
according to one illustrated embodiment.
Figure 2 is a schematic diagram of an object evaluation computing
system, according to one illustrated embodiment.
Figure 3A is a representation of a digital image of a number of
25 demarcated areas and object stacks, according to one illustrated embodiment.
Figure 3B is a representation of an image section of the digital image

of Figure 3A, according to one illustrated embodiment.
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of Figure 3A, according to one illustrated embodiment. 16 Figures 4A and 4B are a representation of
contour data of an imaged object stack in a demarcated area corresponding to an image section,
according to one illustrated embodiment. Figure 5 is a flow diagram of a method of evaluating objects
in an 5 image, according to one illustrated embodiment. Figure 6 is a flow diagram of a method of
acquiring an image, according to one illustrated embodiment, which may be employed in the method
of Figure 5. Figure 7A is a flow diagram of a method of preprocessing a color 10 image, according to
one illustrated embodiment, which may be employed in performing the image preprocessing of the
method of Figure 5. FigureHiBusea dAvaniagBrancod aspreibectai @reprometssingaacofan imagedcluding
[ to one illustrat

optionally performing refetence image suptraction pre-progessing, accordin d
emboriiment, SR S8 & ASBAER R bERGh ST b SARSCBELI of ¢hE et o
Figure 5. Figusae/ Mlusteafeanedidgrimenita method of preprocessing a color image including details of
optionally performing reference i e subtraction pre- processing, according to one illustrated
embodiment, which may b?@%ﬁ%@ﬁ#%ﬁféﬂﬁﬁ@%g %§§8%8éﬁﬁ’c?faééﬂ%;%flﬂ‘fisdﬁbﬁﬁbd of Figure
7B. 20 Figureimiage catiovrdliagraroref ilusethed empkiirnerssing a color image including further
optional details of performing reference jmagg subtraction pre-processing, according to one illustrated
embociment which may bo BHISE B AL HLHAARY2hE MEIE A UaCLRG b fetod of Figure
7B. Figure 8 igct8mindiegtam tlistraribetdodientifyjnehasninaysoe emplogealiseaterpagri eccording
to one illustrated embodiment, which may be employed in the method of Figure 7A. Figure 9A is a
flow diagram ¥ fiethod of processing contours

Figure 7A is a flow diagram of a method of preprocessing a color

10 image, according to one illustrated embodiment, which may be employed in
performing the image preprocessing of the method of Figure 5.

Figure 7B is a flow diagram of a method of preprocessing a color
image including optionally performing reference image subtraction pre-processing,
according to one illustrated embodiment, which may be employed in performing

15 the image preprocessing of the method of Figure 5.

Figure 7C is a flow diagram of a method of preprocessing a color
image including details of optionally performing reference image subtraction pre-
processing, according to one illustrated embodiment, which may be employed in
performing the image preprocessing of the method of Figure 7B.

20 Figure 7D is a flow diagram of a method of preprocessing a color
image including further optional details of performing reference image subtraction
pre-processing, according to one illustrated embodiment, which may be employed
in performing the image preprocessing of the method of Figure 7B.

Figure 8 is a flow diagram of a method of identifying contours in a

25 gray scale image, according to one illustrated embodiment, which may be
employed in the method of Figure 7A.

Figure 9A is a flow diagram of a method of processing contours
according to one illustrated embodiment, which may be employed in performing
noise elimination of the method of Figure 7A.
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according to one illustrated embodiment, which may be employed in performing noise elimination of
the method of Figure 7A. 17 Figure 9B is a flow diagram of a method of processing contours
according to another alternative illustrated embodiment, which may be employed in performing noise
elimination of the method of Figure 7A. Figure 1 OA is a flow diagram of a method of locating a bottom
of an 5 object stack, locating a top of the object stack, and determining a number of objects in the
object stack according to one illustrated embodiment, which may be employed in performing image
processing of the method of Figure 5. Figure 1 OB is a flow diagram of a method of determining a
horizontal center of an objet) e dB IeGatlmy dibgtmmaﬁfahnemllmbbsrﬂobekm@wmmpsof the 10

object stack, and determining a nu in the o tst ccording to one illustrated
embodimen, RET I bR B TR S SR ROt s HETHAh ST GG E o
Figure 11 is aﬁ&wmwmnlgé elmﬁﬂa@dmbfcmatmgtadwtibﬁignfrer?mbject stack accordlng to one
illustrated embodiment, W r{ § [ﬂﬂ%gm 15t meﬂbod of F| e 10A. F{g 2 is a flow
diagram of a method of de ﬁHﬁ’? § ot ‘29631 Ht%IcI iﬂ%?o 8|I| MEPited
embodimént, vbjeh ﬁt@@kb&:emp@met@pr@ﬁlﬂeemb}bccbﬁékgam aété?lgmmga isuanftew sfiagram of a
method of locating a to rggo ject 20 stac ordln @) %‘?i ?Just embodhl % é‘%:h ch may be
employed in (RRSHEHLE 1 PIGEFE &‘Cﬁ%} Eug%f\ W 'ReHoy U ALEH RRing a
ngberﬂof %Wmfnmpgghc@md f mﬁgdnpr@ebgmymlm@dg%mbq meﬁtym@SFlgure 1 OAOOdFlgure
is a flow diagram of a method q eterm%acumu tive Pr%ﬂ{e bjects in anagw e

image according to one illuSINE ' OR D di 'SHRA aﬁ/'ﬁg BYSrh @imulative
total determingéioreobitad object stack, locating a bottom of the object stack, locating a top of the

10 object stack, and determining a number of objects in the object stack according to
one illustrated embodiment, which may be employed in performing image
processing of the method of Figure 5.

Figure 11 is a flow diagram of a method of locating a bottom of an
object stack according to one illustrated embodiment, which may be employed in

15 the method of Figure 10A.

Figure 12 is a flow diagram of a method of determining a bottom of a
bottom quadrant according to one illustrated embodiment, which may be employed
in the method of Figure 11.

Figure 13 is a flow diagram of a method of locating a top of an object

20 stack according to one illustrated embodiment, which may be employed in the
method of Figure 10A.

Figure 14 is a flow diagram of a method of determining a number of
objects in an object stack, which may be employed in the method of Figure 10A00.

Figure 15 is a flow diagram of a method of determining a cumulative

25 value for objects in an acquired image according to one illustrated embodiment,
which may be employed in performing the cumulative total determination of the

method of Figure 5.
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method of Figure 5. 18 Figure 16A is a flow diagram of a method of color classifying objects to
determine a value according to one illustrated embodiment, which may be employed in performing the
color classification of the method of Figure 15. Figure 16B is a flow diagram of a method of color
classifying objects 5 to determine a value according to one illustrated embodiment, including
reclassifying particular objects obscured by shadow, which may be employed in performing the color
classification of the method of Figure 15. DETAILED DESCRIPTION In the following description,
certain specific details are set forth in 10 order to provide a thorough understanding of various
disclosed embodiments. Heigeneeit cénis skilted dﬁe@mmelﬂ\@mahodibfeohgmmsﬁif&tr@mmmbments may

be practiced |th ut one or more of th e eC|f|c tails, o her etho components,

atoriats, otcld PR TR A LS LRGeSt SRS (TRA e HERTAG LPBerme,

networks, anobrrrmgyse@bmutpstfominagerrmweenlabewcaooﬁ@mecnmnbd dfeFagumal\BJld unnecessarily

obscuring descriptions of t 3 iments. Unless the onte% caq res otherwise, thrqughout the
RS rsOn R Ao

specification and claims w lgHrﬁ) thd ¥ '%%rrﬂ'ﬂlr% a |88E°f P88 yérﬂﬂ:ﬂ

"comprise5" agoddatempirisiag)/shiie abb@rdmgsmmlnlast@memdudimaensel,ucaagsuch as "including,
but not limited to," R erencethr?ﬁﬁq‘&a %nss eC|f t|o to "one aodl nt" or "an embodiment"

means thata'i?éilﬁ‘éﬁ |5 REARFEC gtn? Winuh %ﬁé?ﬂfﬁi’ﬁ

embodiment igérfoidied iihacisiasichisgifoatodiaient fivisodh Aigearsfices of the phrases "in one
embodiment” or "in an embodiment" in 25 various places throughout this specification are not

necessarily all referring to the same embodiment. Furthermore, the particular features, structures, or
characteristic® FpxIbE DADEBCRIRTHDM Suitable manner in one or more

In the following description, certain specific details are set forth in
10 order to provide a thorough understanding of various disclosed embodiments.
However, one skilled in the relevant art will recognize that embodiments may be
practiced without one or more of these specific details, or with other methods,
components, materials, etc. In other instances, well-known structures associated
with computing systems, networks, and image acquisition have not been shown or
15 described in detail to avoid unnecessarily obscuring descriptions of the
embodiments.

Unless the context requires otherwise, throughout the specification
and claims which follow, the word “comprise” and variations thereof, such as,
“comprises” and “comprising” are to be construed in an open, inclusive sense,

20 such as “including, but not limited to.”

Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described
in connection with the embodiment is included in at least one embodiment. Thus,
the appearances of the phrases “in one embodiment” or “in an embodiment” in

25 various places throughout this specification are not necessarily all referring to the
same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more

embodiments.
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embodiments. 19 As used in this specification and the appended claims, the singular forms "a," "an,"
and "the" include plural referents unless the content clearly dictates otherwise. It should also be noted
that the term "or" is generally employed in its sense including "and/or" unless the content clearly
dictates otherwise. 5 The headings and Abstract of the Disclosure provided herein are for
convenience only and do not interpret the scope or meaning of the embodiments. Figure 1 shows an
environment 100, according to one illustrated embodiment, in which stacks of objects may be
evaluated by an object evaluation system. 10 In particular, stacks of objects 102 (e.g., 102a-102d) are
arranged on a surface 104A$ansexhim plesaspadificatizfradiadh lhd @ppehdesiidiated Qhansygniciude

demarcated areas 108a-108q (callectively 108) in which stacks of ohjects may be placed from time to
e T atadUTS Gyl 3 B8Iud B LTS RS EEns hiRs e e et A S e on
top of the othethsnsisas inshouidossclbestatedithatalibeconissie isdgaetaky, gapopter#) § the objects
align, orin an irre ularls ack‘whg/re ,pbé]?ctgﬁgimete S ﬁun Iianz%. In this illustrated example, the
Stacks of objeRtISOIPURIR  F090Ta S0 0 51 QRS ARAY I EtReR R RS Reated areas 108a,
108c, 1088, and 108f. EaclTie¢ theaogstarihidbstrassofitie disies ardbes vdsthHbesirsarOfgisually
represented by the object's cploration. In some embodiments, the coloratipn of an object may be

; R A i IR AR B

monochromati® MUlEot688 Y CH}%; RIS RIS grﬁﬁf&%etﬂr\fgﬁéﬂyg ﬁgg & B&?fgﬁns (e.g.,
on a face of the object, on aywetsidaqesiaeiabinaaijec), kvverdng Rnobedinsnigethe objects

Concitions. FOVBRAFIDE HE ARG Ao L ANER B Ay S8 B S P0G g el
lighting, light gfraaating or reflecting from various sources within the

10 In particular, stacks of objects 102 (e.g., 102a-102d) are arranged on
a surface 104, for example a surface of a table 106. The surface 104 may include
demarcated areas 108a-108g (collectively 108) in which stacks of objects may be
placed from time to time. The stacks of objects 102 may include one or more
objects that are generally arranged one on top of the other, such as in a uniform

15 stack where the outside edges (i.e., perimeters) of the objects align, or in an
irregular stack where object perimeters are unaligned. In this illustrated example,
the stacks of objects 102a, 102b, 102c, and 102d are respectively located in
demarcated areas 108a, 108c, 108d, and 108f.

Each of the objects has an associated value and/or worth that is

20 visually represented by the object’s coloration. In some embodiments, the
coloration of an object may be monochromatic, multicolored, and/or may include
markings of various shapes and/or patterns (e.g., on a face of the object, on an
outside perimeter of the object). In various embodiments, the objects may include
tokens, chips, coins, etc.

25 The environment 100 may be subject to fluctuating lighting
conditions. For example, the lighting in the environment may vary due to a time of
day, artificial lighting, light emanating or reflecting from various sources within the
environment (e.g., televisions, illuminated advertisements, devices, etc.), shadows

cast by objects and/or people in the environment 100, etc. The lighting conditions
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environment (e.g., televisions, illuminated advertisements, devices, etc.), shadows cast by objects
and/or people in the environment 100, etc. The lighting conditions 20 may vary in luminance (e.g.,
brightness, darkness) and/or color. Due to such lighting variations, an object's coloration may be
subject to "color drift,” in which a color of an object may appear different under different lighting
conditions. For example, a blue colored object may appear black under darker light conditions, 5 light
blue under brighter light conditions, or purple under a reddish light; a white object may appear
yellowish under some lighting conditions. The environment 100 also includes an object evaluation
system 110, wiaiglvanglindesmaraimoage. gsduigtiimesis\daekh2siramhdfoobptomt eDalkeiddisactomputer

system 114. The image acquisition device 112 may be any of a variety of image, 10. acquisition
Cvics, sue EE G A D CHRE R g S SHRLPEL g o GO mage
sensors, and/oslanyfadihesidiget wigeyppe do dideawnt ngdsradiffrangligpitingneagdiiénsluBurg devices
incorporating or paired wjth a frame grabber or the like). The object evaluation. computer system 114
oy b o coURESFLRLVE SPBLGT CIeR MEANARPREL M ATe LRBR ARG AL e ST 15
combinatign thgiheofieoofigerdstitthizeigimcappitpnate poutsiesuntiebie eedeietuagianasuvieiieas shown

and described E] Figures 3A-3B, 4A-4B, and 5-16. Alt‘)@ﬁh the i a(?e acquisition device 112 is
shown in Figu‘? € %iﬁ&%‘?ﬁo{cﬂlf’w&?mé jreﬁ?ré\?a 108 88H1%'1 é]rssystem 114, it will be

appreciated that in other eTeogivientsnéne 10 @&s8cAclistitedifect trdnayibe spstununictively
coupled 20 to the object evaluation computer system 114 jn various other ways, such as via, the
otonk 116 VG Al RS RS LR 3 AR AL ChiPL BT aia o BalSondicular
angle out of aggktaemof the SHEacado4Adquisiomelericantaeraly ibeageyasfal learitq poragef the
surface 104 that includes one or more 25 of w  demarcated areas 108. For,exaré]ﬁle, in some

embodin&hts2B¥ FHAIIHGRRITHAMBYIS YR GHBRIGRe (PAIHANES HeH A ShPaBEShe surface

104 of video cameras, CMOS image sensors, and/or any other type of device for

acquiring or capturing color images (including devices incorporating or paired with
a frame grabber or the like). The object evaluation computer system 114 may be a
computing system or device that includes hardware, software, firmware, or some

15 combination thereof configured to perform appropriate portions of object
evaluation, such as shown and described in Figures 3A-3B, 4A-4B, and 5-16.
Although the image acquisition device 112 is shown in Figure 1 as being attached
to the object evaluation computer system 114, it will be appreciated that in other
embodiments, the image acquisition device 112 may be communicatively coupled

20 to the object evaluation computer system 114 in various other ways, such as via
the network 116.

The image capture device 112 is positioned at a non-zero degree
and non-perpendicular angle out of a plane of the surface 104 to acquire or
capture an image of at least a portion of the surface 104 that includes one or more

25 of the demarcated areas 108. For example, in some embodiments, the image
acquisition device 112 is positioned at an elevated height above the surface 104 of
the table 106 and oriented to acquire or capture images of demarcated areas 108,
such that stacks of one or more objects present within the demarcated areas

appear in the image with at least a portion of a top surface of the stack and a side
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the table 106 and oriented to acquire or capture images of demarcated areas 108, such that stacks of
one or more objects present within the demarcated areas appear in the image with at least a portion
of a top surface of the stack and a side 21 surface of the stack are both visible in the image, such as
shown and described with respect to Figures 3A-3B. In some embodiments, the image acquisition
device 112 may be positioned below the surface 104 and oriented to acquire or capture images of one
or more demarcated areas 108 from below the surface 104, 5 such as where the surface 104 is
transparent or translucent to at least some wavelengths of light. In one embodiment, the image
acquisition destictadd 2fisheositiok ede dothorisibtedricheconageoscapasasivwsiagitdesageead the

d d 108 104 of the table 106, P d. h
mae 10 acqllGHERHEAAAD TR AR Il MG AR AL KR AU 12 1 varous

ways, such agispieeifyirgyraayiios demninnemg@lmmheram {oatizad cﬁhgnmh ndotpge point (focus),
an aperture setting, etc. In varl us embodiments, the | sjtion 12 m ffixed to
the table 106 CARUDES (MZHES ALES: b IE A AIRIEC o Sat e o8N R AR ARELEGFe bwry that
is affixed ® p@mﬂdmemhhwaﬁmrmbzytﬁ@.sm@lawmmerﬁmb@ﬂmenamm camera may

be remotely Iocatef?from tcf eh Ie 106, such as being attached to a structure other than the table 106,
a ceiling, heldf@6t 'B?/QS ng "placed underneath the table 106, etc. Furthermore, the object

evaluation computer systenm bhé eapbsirnahyced imagmmmigmmlﬁd@vié’@ stwcgtﬁ@sihahémay be
affixed to or pl '&éd on the table 106. In other embodlm nts, the?ﬁﬂﬁ valuation com er system

114 may be ufidR PN |B°ﬁS@UHPrﬂ5§%R§UF8Mb?eM%8a¥BGQF‘o ieiethas
embodimentspibecphjestipyludtion 1Ty uter iayien0d. 14 asitddhia dnangeoaentisiivie dewge 112 may

D o e T ST R TRl S S SnS S RS SRS gy e oblect
evaluatior? coRfIHi y guring geacq
various ways, such as specifying and/or determining a camera zoom (optical,
digital), an image point (focus), an aperture setting, etc.
In various embodiments, the image acquisition device 112 may be
affixed to the table 106, and/or incorporated into a device, article, or structure

15 (none of which are shown) that is affixed to placed on, or otherwise carried by the
table 106. In some embodiments, the camera may be remotely located from the
table 106, such as being attached to a structure other than the table 106, a ceiling,
held/worn by a human, placed underneath the table 106, etc. Furthermore, the
object evaluation computer system 114 may be included in a device, article, or

20 structure that may be affixed to or placed on the table 106. In other embodiments,
the object evaluation computer system 114 may be under the table 106, or may be
remotely located from the table 106. In some embodiments, the object evaluation
computer system 114 and the image acquisition device 112 may be integrated into
a single system, device, or casing.

25 As described in more detail herein, the object evaluation computer
system 114 of the object evaluation system 110 may execute instructions stored
on a computer readable medium (not shown in Figure 1) so as to automatically
determine a value associated with a stack of one or more objects 102 present in a

demarcated area 108. In particular, the object evaluation system 110 may execute
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system 114 of the object evaluation system 110 may execute instructions stored on a computer
readable medium (not shown in Figure 1) so as to automatically determine a value associated with a
stack of one or more objects 102 present in a demarcated area 108. In particular, the object
evaluation system 110 may execute 22 instructions to cause the image acquisition device 112 to
acquire a pixelated color image including one or more of the demarcated areas 108, and process one
or more sections of the acquired image respectively corresponding to the one or more demarcated
areas 108, so as to evaluate objects that are stacked in the one 5 or more demarcated areas 108, if
any. Such praoessiciipn ao taage thedticayef dbguisitelatsl el dridiagacooire sppixdiatetb@idemarcated

area may include preprocessing the image section as a gray scale, image to identify contour data,
Drocessig ERIUT LGS T FIRE S ea AU 61 SIBE BHirs bURoHn S PIOSAE 0P Siects 102
located withinmoresgestiesdf iy crigul ree kR, idspaityiveg yactirespioadivg sethef eadoopixels
associated with each of the o(l:g)]ects in trB stack from the pixelated (t:OkEr ima?%%a ed %%the located
top and bottoMSFLAE BAGRISGLASHTING e dSBrRINR ARIE G LALATE e SR ORE stack
based on & colanolesséinaticutad threded0sstivarsetSatbgasqezsing andaaierguriegtiancsftdative
value of the stack of gjﬁ%%?ts., As gpart of the color classi icationﬁ}gcg 15 o%ect, evalyation computer

system 114 nfSRE AEP G BRRORAP LG CRTMALC IR S MY ¥ &Enine an appropriate

color classificptigsrdeessimpipetimageidsiaodiag duphiedngdighuge eoibnafysdorifvaiensiepnment 100.
Thus, in at least one embodiment, the obﬂgﬂc evaluation computej system 114 maé ex?cute

instructions tHCERIS DB AR ADRTBURS 3 YEHPT L HIORAMMECIETHhE Alue

associated wigheglackdlojeehieds dbariesetinaies paetiob ihentemannted anas; HBwithe a

environment 100 under various lighting conditions. The object evaluatjon computer system 114 may
be commShicIRRRRS NG RELA GoIDE AR SRR AL A R2E DT e PRI B Ae S RC IR ono or

more other capptirgasyatesis: anes Bavinesinpbsbeasd foprexpbemnsemBastack,

determining a corresponding value for each of the objects in the stack based on a
color classification of the respective sets of color pixels, and determining a
cumulative value of the stack of objects. As part of the color classification, the

15 object evaluation computer system 114 may account for color drift that may occur
in the image, so as to determine an appropriate color classification for an object
notwithstanding fluctuating lighting conditions in the environment 100. Thus, in at
least one embodiment, the object evaluation computer system 114 may execute
instructions that cause the object evaluation computer system 114 to determine

20 the value associated with stacks of objects 102 present in any one of the
demarcated areas 108 of the environment 100 under various lighting conditions.

The object evaluation computer system 114 may be communicatively

coupled to a communications network 116, such as to communicate with one or
more other computing systems and/or devices (not shown). For example, in some

25 embodiments, the object evaluation computer system may provide information
related to determined stack values to one or more computing systems, such as a
centralized server computer, to facilitate monitoring of the environment 100. In
other embodiments, the object evaluation computer system 114 and the image

acquisition device 112 may be communicatively coupled via the network 116. The
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25 embodiments, the object evaluation computer system may provide information related to
determined stack values to one or more computing systems, such as a centralized server computer,
to facilitate monitoring of the environment 100. In other embodiments, the object evaluation computer
system 114 and the image acquisition device 112 may be communicatively coupled via the network
116. The 23 network 116 may take a variety of forms. For instance, the networks 116 may include
wired, wireless, optical, or a combination of wired, wireless and/or optical communications links. In
addition, the network 108 may include public networks, private networks, unsecured networks,
secured netwastworkconahimayitaicet heraddtp afrfdrmay Eorplataame oie oieta@iksdrignuaications

protocols, for.ex%%]sgle TCP/IP ProtocoI.U P protoc Isri II{EEE 02.1 gvr.ot?col, as \/NeII aﬁ %H'ler
telecommunicBABIYE SH It MiREIERR BV By BELTIRTRYRE IS VRIgRS S8 Rl ion
system 110 iscohawnnicdtionglliskatdd aduiioinget mdtivigike A8 mathetleddopadbientswaukile object
10 evaluation systems 110 may be provi edt suf%h that eag Sé/sterg determigesfg valﬂqe of ﬁtacks of
objects 102 cBANREIHE RS sUTHerLFTHREBOHSrS S ESIES S0 208 5 =T
corresporgling:itol geayaseaiRy areasreoueseodomnivioatnprototuts, tivlesdnple M@RI)PFurther,
multiple image acquisition_devices 11 y.al e provided, such as for acquiring or capturing
images of 15 959?889,?0%@ Béqupé:r%ﬁtefgrggéﬁﬁfi%g B&W&éluﬁﬁé@%‘éf B acquiring or capturing
images of denmscaiaehartestionsasiaien putbrdiiavertitapesiovidtea single object evaluation computer
system 114 processing images acquired or .captured via multiple imaﬁ?eﬂili k’{__isiti n devices. The

described systems and tec Ry S aﬂPﬁ%ﬁ\éﬂF 'S bS¥GHEXs! FbY ‘?ﬁbﬁ%,tm’?some
embodimentsj|ihgreestdbesbayatamsaiarigutechnisoermayibsiiaediéomumapitosingstarious types of

ransactigns involving, coins, 10key A0/ RLONIRSINL L 930h o0 YT mBodiment of the
value of stacks of objects 102 corresponding to a different one or more of the
demarcated areas 108 and/or corresponding to demarcated areas corresponding
to one or more other tables (not shown). Further, multiple image acquisition
devices 112 may also be provided, such as for acquiring or capturing images of
15 various of the demarcated areas 108 of the surface 104, or for acquiring or
capturing images of demarcated areas associated with different tables, with a
single object evaluation computer system 114 processing images acquired or
captured via multiple image acquisition devices.
The described systems and techniques may be used in a variety of
20 contexts. For example, in some embodiments, the described systems and
techniques may be used for monitoring various types of transactions involving
coins, tokens, and/or chips.
In at least one exemplary embodiment of the environment 100, the
objects that are stacked are gambling chips that are wagered by players of
25 wagering games, such as games including, but not limited to, poker, blackjack,
baccarat, roulette, wheel of fortune, etc. For example, such an environment may
include a casino, a gaming parlor, and/or any other location in which wagering
games are played. Each gambling chip represents a particular monetary

denomination that may be wagered by a player, with each chip having a distinct

24



objects that are stacked are gambling chips that are wagered by players of 25 wagering games, such
as games including, but not limited to, poker, blackjack, baccarat, roulette, wheel of fortune, etc. For
example, such an environment may include a casino, a gaming parlor, and/or any other location in
which wagering games are played. Each gambling chip represents a particular monetary
denomination that may be wagered by a player, with each chip having a distinct 24 coloration
indicative of a respective monetary amount. For example, the following color and denomination
relationships may be typical in some embodiments: white representing $1, red representing $5, green
representing $3mrbtavkireiiceteatoic &EpechuepieorsgeegeantiogrdsFarancyglonthiepotisantigg $1000.
In various 5 emtrodim nts, the c loratiqn of a chig m@a%/ be a sinﬂle color, multiple colfr_sg@qd/or color
2P |

patterns appe%? RE} tﬂghémﬂh 'YL %%ogﬁ%% 8ftﬁﬁ’é°8 U 3Pme R ,'Eﬂ%” t i objects

a
1|02 are betf sh@pkejergi.mgiﬁﬁtjé&dfrepeteeemm@@%rgmm l;@ﬁ;m)eiﬂﬁegeﬂtlﬂe,lﬂﬁqx @m;esrein@@ble with
playing surrac , an e demarcate eas re pettin CIr uying a wagering game,
el S0 A e e TR e o O R S el
chips in agespeatbveiipetitsgtrarctsiarhtion grmiciggahtey Dbea singkesslbchindtitrckodis, aheding circle

constitutes a bet stack for the re%).ective %Iay r. Further, the number and denomination of the chips in
the bet stack FRTERENRSRPRGRTNE Ao &8?9'&5 amount that the player wagers at a given time. In

such an embodiment, the dhjeatk\aiuatibodirsianoi tHe ayile nisedi Toc apdls ekl gireisesssone or
more images of the surface of the gaming, table to evaluate bet stacks and determine monetary

ounts ot D08 G T s SR RGNS QLD SR, LB TP I tr wther
provider 20 oijheingassisgvdapjmgenitfacbeitingapatitedshanamonesadrySeesiching for the

rposes of fr detection (e.g., detecting patterns consistent with card counting, etc.), to perform
ggnperal t}Qckif?'ngJC / L&%&%ﬁggél{@ Igagn#oe, the pIayersI pIaceV\r”espect?ve bgts IQ? se}egtlng g

number of chips to wager and placing the selected chips in a respective betting
circle of the gaming table. The number of chips stacked in a betting circle
constitutes a bet stack for the respective player. Further, the number and
denomination of the chips in the bet stack represents a cumulative monetary

15 amount that the player wagers at a given time.

In such an embodiment, the object evaluation system 110 may be
used to capture and process one or more images of the surface of the gaming
table to evaluate bet stacks and determine monetary amounts that one or more
players are wagering. Such a system may be useful for a casino or other provider

20 of the wagering game to monitor betting patterns of one or more players, such as
for the purposes of fraud detection (e.g., detecting patterns consistent with card
counting, etc.), to perform general tracking and/or accounting, etc.

The detailed structure and operation of the object evaluation system
are discussed in more detail below.

25 Figure 2 and the following discussion provide a brief, general
description of an exemplary object evaluation computing system 200 in which the
various illustrated embodiments can be implemented. The object evaluation
computing system 200 may, for example, implement the various functions and

operations discussed immediately above in reference to Figure 1.
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The detailed structure and operation of the object evaluation system are discussed in more detail
below. 25 Figure 2 and the following discussion provide a brief, general description of an exemplary
object evaluation computing system 200 in which the various illustrated embodiments can be
implemented. The object evaluation computing system 200 may, for example, implement the various
functions and operations discussed immediately above in reference to Figure 1. 25 Although not
required, some portion of the embodiments will be described in the general context of
computer-executable instructions or logic, such as program application modules, objects, or macros
being executed by a compﬂlﬁrol]'gmaetsbidjetﬂéd tbemelemﬂxbraﬁwﬂeampb@dmmmmheaélustrated 5

bodi bo d h
configuraton< R AL N B R R AR EBSHLAALE AP S bl

multlpr?ces(scgcsspemgm;m mﬁ&g@emoﬁ@esedb}ecwogfrmmbIbe:o?menéettebvwlcs personal
computers S etw! aintr e com ers
embodments@éﬂzﬁjeeioig zgéﬁc% W?EE% BU[I 6@) gﬂ{?ﬁ% gﬁ@ﬁﬁgr&%ﬁi (‘-iir modules are
performedsbyembowrpemea@na:niewmlseMémboali‘mhnt@dethlwgk’aatlcemmuﬂmae«mempt\n@rk. Ina
distributed computing en}nronment les, may be | ate inb Iocal emote
omony stor a0 Ea8 SRS L RH R AR (1 She i BB T Ve Be or 25 more
object evaluattenm@mmmees 0Py mndiphasisated dydtiguee @cﬁﬁﬁo@é&@@t%é@mn computer(s)
204 may take the form %QT conventiona PC, server, or other com utl %‘/ ;gm execu

ek Ty

instructions. THEYBE GRRSHBSRpEEL Y63 B‘éfﬁ&@é'&?}%‘&‘é JEWstertPmemory

208 and a Syfrtﬁﬁbbuipaﬂ&sthﬁhmwﬂﬁﬁompu%ﬁyséﬁm themrendnis émbistingshs sysiem memory
208 to the 20 processin nlt% fJhe object evalyation co Y%lter 204 will at tlgu?s be referred toin
the singdi8r h F%Fﬁ'cﬁﬁt IgeTiiiateietarle HBQﬁHWF%‘H?ﬁBE?d Erelgsks or modules are

performed by remote processing devices, which are linked through a
communications network. In a distributed computing environment, program
modules may be located in both local and remote memory storage devices.
The object evaluation computing system 200 may include one or

15 more object evaluation computers 204 (only one illustrated in Figure 2). The
object evaluation computer(s) 204 may take the form of a conventional PC, server,
or other computing system executing instructions. The object evaluation computer
204 includes a processing unit 206, a system memory 208 and a system bus 210
that couples various system components including the system memory 208 to the

20 processing unit 206. The object evaluation computer 204 will at times be referred
to in the singular herein, but this is not intended to limit the embodiments to a
single system, since in certain embodiments, there will be more than one system
or other networked computing device involved. Non-limiting examples of
commercially available systems include, but are not limited to, an 80x86 or

25 Pentium series microprocessor from Intel Corporation, U.S.A., a PowerPC
microprocessor from IBM, a Sparc microprocessor from Sun Microsystems, Inc., a
PA-RISC series microprocessor from Hewlett-Packard Company, or a 68xxx series

microprocessor from Motorola Corporation.
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single system, since in certain embodiments, there will be more than one system or other networked
computing device involved. Non-limiting examples of commercially available systems include, but are
not limited to, an 80x86 or 25 Pentium series microprocessor from Intel Corporation, U.S.A., a
PowerPC microprocessor from IBM, a Sparc microprocessor from Sun Microsystems, Inc., a
PA-RISC series microprocessor from Hewlett-Packard Company, or a 68xxx series microprocessor
from Motorola Corporation. 26 The processing unit 206 may be any logic processing unit, such as one
or more central processing units (CPUs), microprocessors, digital signal processors (DSPs),
application-specific integratﬁmbqhmiesémglmﬁ) Eﬁlﬂdnapd@eéunmla@ie gecbemmgsdﬁt?@éaj atc. Unless

described otherwise, the 5 co& ructlon and Oﬁﬁrag&%[g&? the.various blocks ého&aep in Flgure 2 are of
conventional 8&ih QS $EAHR' BIRFBRINILAER A HoP Bl HUEGRIRGERS IO PHR ein, as they
V\f{l” bte unders;bwcbh_fyc:m@&kﬁz)egppltbanmiaﬁmﬁﬂinTEj@rswil@mduus MSIC@) amdlr?y alng knoivg buds
structures or architectur ? includin eripheral bus an

2 local bus, TREOGARRAE A S08YRU AN aB DN HESH SR RN 22 5 hdom access
memory (RAHSALBDaRE mm@ué‘mnmﬂtaxasteﬁbdémra&é Bhévsml‘mﬁgarefaranaoart of the ROM 212,
contains bas% 55%;3?@5% Qﬁ g%{‘eé érmérrg W#? O% t\%l{ig% nt wﬁ%é‘u@g lﬂf cérevaluatlon
computer 20 t for 15 data,
instructions aﬂétaowereﬁha@Megzt\mvaduaImemﬁwtfyrt%é@lﬁ@l lmlmqa@ acdhevdrilisk drive 218 for
reading from and writing tOﬁﬂhard disk 220 ind an o aI disk drive 222 and a magnetic disk drive

224 for reading from and ﬁ&¥8t?£%%8| o?ﬁl?:gl &s%é‘ﬁﬂw %@HH‘H%W?SS 258, respectively.
The optical diaieaaéctarebenacﬁaar&‘@@mew&? buBilwithenaagng te clish 2 & paipestamag)etic floppy

ek O e 4 ool BUS T Syt Theimory 308 INludas raaron momory CHOMS
212 and random access memory (“RAM”) 214. A basic input/output system
(“BIOS”) 216, which can form part of the ROM 212, contains basic routines that
help transfer information between elements within the object evaluation computer
204, such as during start-up. Some embodiments may employ separate buses for
15 data, instructions and power.
The object evaluation computer 204 also includes a hard disk drive
218 for reading from and writing to a hard disk 220, and an optical disk drive 222
and a magnetic disk drive 224 for reading from and writing to removable optical
disks 226 and magnetic disks 228, respectively. The optical disk 226 can be a CD
20 ora DVD, while the magnetic disk 228 can be a magnetic floppy disk or diskette.
The hard disk drive 218, optical disk drive 222 and magnetic disk drive 224
communicate with the processing unit 206 via the system bus 210. The hard disk
drive 218, optical disk drive 222 and magnetic disk drive 224 may include interfaces
or controllers (not shown) coupled between such drives and the system bus 210, as
25 is known by those skilled in the relevant art. The drives 218, 222, 224, and their
associated computer-readable media 220, 226, 228, provide nonvolatile storage of
computer-readable instructions, data structures, program modules and other data for
the object evaluation computer 204. Those skilled in the relevant art will appreciate

that other types of computer-readable media may be employed to store data
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communicate with the processing unit 206 via the system bus 210. The hard disk drive 218, optical
disk drive 222 and magnetic disk drive 224 may include interfaces or controllers (not shown) coupled
between such drives and the system bus 210, as 25 is known by those skilled in the relevant art. The
drives 218, 222, 224, and their associated computer-readable media 220, 226, 228, provide
nonvolatile storage of computer-readable instructions, data structures, program modules and other
data for the object evaluation computer 204. Those skilled in the relevant art will appreciate that other
types of computer-readable media may be employed to store data 27 accessible by a computer, such
as magnetic cassaititsieflnch coenpatyrcauds, aBenagubiticartisdgites Riabtsnfe@bly, srdw} cards, etc.

Program modyles can be stored i S memaqry 208, such as an operating system 230, one or
more applicat%%”ﬂ)% r %'gg%’o%&lﬁ%rﬁé%ss@%a %‘?{5%1310234, drivers 236 and program data 238.
The application programs Z32gray, fosdiaspie, echide thiagiee 39gtdsitiortogig 262asuktage
preprocessing logic 232D, locate object logic 232¢, and.color classificati éo%i 232d. The logic

4 i Bt

232a-232d maY, {BPEHMpIES e84 YrBYF ABPE GO LBE PRI ssed in
more detesl beJowiothetds1284, aiyeisitRB6lagit RFdgeamaytin@sge logic or instructions to acquire one or

more digital color images of a surface having one or,_more stacks of objects therean, such as a
Suriace 104 of the table 1M EBPIRWENREHTAGES ZTEion SR ESILRE G RH olor images
may be storecediesisbieingior28iha | nreygte prepernessirgdayiansthe i ceatpulgediddgiadzare, medium
for processing as described helow. The,i e acquisition logic 232a may also identjfy or otherwise
olate 2 soCtB LSRG LU BB P had DENGD Gt graraG (037 RGP e B cated area
that may contgioradstacknefghiasis cxechtadla iemastater] area 108. As discussed in more detalil

below, the image preprocessing logic 232b may |ncl g)e logic or jnstructions, to generate 20 two-color
contour d§ta from a sectio 8f‘q%§ r‘é‘d’%‘?r@a%?@ﬂ %i@ﬁa’f%fa?age ach|S|t|gnTog|c 232a

may include logic or instructions to acquire one or more digital color images of a
surface having one or more stacks of objects thereon, such as a surface 104 of the
table 106 (Fig. 1), via the image acquisition device 262. Such digital color images
may be stored at least temporarily in system memory 208 or another computer

15 readable medium for processing as described below. The image acquisition logic
232a may also identify or otherwise isolate a section of an acquired or captured
image that corresponds to a particular demarcated area that may contain a stack
of objects, such as a demarcated area 108. As discussed in more detail below,
the image preprocessing logic 232b may include logic or instructions to generate

20 two-color contour data from a section of the acquired or captured digital color
image, such that the two-color contour data may be further processed to evaluate
a stack of one or more objects that may be present in the acquired or captured
image. Such preprocessing may include subdividing the two-color contour data
into a set of target pixel areas associated with the image section. As discussed in

25 more detail below, the locate object logic 232c may include logic or instructions to
process a set of target pixel areas associated with the image section to identify
various features of a stack of objects, such as to identify a top and a bottom of the
stack, and a number of objects present in the stack. Additionally, as discussed in

more detail below, the color classifier logic 232d may include logic or instructions
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image, such that the two-color contour data may be further processed to evaluate a stack of one or
more objects that may be present in the acquired or captured image. Such preprocessing may include
subdividing the two-color contour data into a set of target pixel areas associated with the image
section. As discussed in 25 more detail below, the locate object logic 232¢c may include logic or
instructions to process a set of target pixel areas associated with the image section to identify various
features of a stack of objects, such as to identify a top and a bottom of the stack, and a number of
objects present in the stack. Additionally, as discussed in more detail below, the color classifier logic
232d may inctodddntifg arsisistiuationpixz8stasdeotiifed withafauiaf phetsnessoniatedjisbtedach of the

' in the stack, autgmatically determine a.color classificati h of the, objects,
o detorminC SRR AT e Vo 1 IR S SRR 15 b b KB SPEA Bbfbet The
relationship bebteen dnbigntitatioralassdichostasidoasatlerbineayols brssifioatians of
Kk /confi lati ip b I da iated values, Furthe re, the color
cinasication FRE RS Lor HB CRLER VB RIS AR RO FIAESURAIB AR BB as to
allow objegts imaged hasee arquireshaigivalicoledmagioitshp dppiepintely ¢ astifiestevateth an
environment with flucgﬁggfﬁjé%htin% conditions in Whtich jolor drift magéoccur.t S]uch Z:ipglication 10
programs 232/ 4§ exed 55095510055 SIUGRIAR JAQ'S M6 CORBENSAS 1" KAt Sarious flow
charr]ts discnggdttlv@manaiﬁerlsgmetﬁeréagﬁ/wmﬂ@&h m@b@énd@dewwém@q@@émf ] Ehées 23|4,
such as including logic for. calibrating and/or otherwise, trajning various aspects of an object evaluation
Systom 200, GRIHEE A AR ABR Gt AP TRICIE TS oGNS A AR RS withn
images, the expectedtammgflighiecsomaigedsviihimidaroarseded aegocnlor/saktie apmicanship, etc.

The other _programs/madules 234 may include various gther logic for performing various other
operatiodd b PR Hha Gy HIE oot tbs S ARG Rl ATEARRES Set ou

in the various flow charts discussed below.
The system memory 208 may also include other programs/modules
234, such as including logic for calibrating and/or otherwise training various
aspects of an object evaluation system 200, such as logic that may be used to
15 configure the location of demarcated areas within images, the expected size of
objects imaged within demarcated areas, color/value relationship, etc. The other
programs/modules 234 may include various other logic for performing various
other operations and/or tasks.
The system memory 208 may also include communications
20 programs 240 that permit the object evaluation computer 204 to access and
exchange data with other systems or components, such as with the image
acquisition device 262 and/or optionally with one or more other computer systems
and devices (not shown).
While shown in Figure 2 as being stored in the system memory 208,
25 the operating system 230, application programs 232, other programs/modules 234,
drivers 236, program data 238 and communications 240 can be stored on the hard
disk 220 of the hard disk drive 218, the optical disk 226 of the optical disk drive 222
and/or the magnetic disk 228 of the magnetic disk drive 224.
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20 programs 240 that permit the object evaluation computer 204 to access and exchange data with
other systems or components, such as with the image acquisition device 262 and/or optionally with
one or more other computer systems and devices (not shown). While shown in Figure 2 as being
stored in the system memory 208, 25 the operating system 230, application programs 232, other
programs/modules 234, drivers 236, program data 238 and communications 240 can be stored on the
hard disk 220 of the hard disk drive 218, the optical disk 226 of the optical disk drive 222 and/or the
magnetic disk 228 of the magnetic disk drive 224. 29 A user can enter commands and information into
the object evaluation computese?@drilmoeglconputidayiand somagiartntohtsesgact ekaldmimnd 242, a

pointing device such as, use 244, a push button (not shown), and/or foot-contr ot shown).
bt it dSS TN R T EHESR SR P A e BT RBRRE oot
scanning deviseinéty dévse sncheiber impuigiedisesarsh dortoadgiast thdhenpracaisifngotodrad through
an interface 246 such as a uyniversal  serial bus ("USB") interface that couples to the system bus 210,
Fthough omel AT GNP SRR GA I BIAE S ONCE A T BB P Boseriml por
may be used.tdblepritanidl bivatbeickisalayitpumeds, @uplEddsethadypateniripis dvAHS waea video
interface 250, such as a video adapter. The | acquisition device may be a video camera,
tigtan <l caf e POl GRS S0 T B Eos g GE e AT evice may
include a frame@ipbbe (‘USBNEntetace thacepiplagiotbasirentonyertiogalgnligh otherwise
obtaining digital color images for processing by the 15 object evalyation computer 204. In this
thengeaelgttns i b

illustrated emBBHIAEEE, HETARGPUR nU9RREE BB A BHUVTISS KERHIREE/MNEE IRRtE rface

246, althoughnitayaseaiszabadinagitts, 206 thageadiipisiiicivleyirecdtplstby Becogviesieddo the
object evaluation comptétﬁ?r 204 usingzoé(r)ler means, such as via the network 214, via one or more

intermedL'er @é\ﬂc}/é% <’(an gﬂgﬁm’ag 250, such as a video adapter.

The image acquisition device 262 may be a video camera, digital still
camera, or other imaging device. In some embodiments, the image acquisition
device may include a frame grabber or other device for capturing, buffering,
converting, and/or otherwise obtaining digital color images for processing by the

15 object evaluation computer 204. In this illustrated embodiment, the image
acquisition device 262 is shown as being connected to interface 246, although in
other embodiments, the image acquisition device 262 may be connected to the
object evaluation computer 204 using other means, such as via the network 214, via
one or more intermediary devices (not shown), etc.

20 Furthermore, although not illustrated here, the object evaluation
computer 204 may include a triggering device and/or other mechanism for manually
triggering the object evaluation computer 204 to acquire or capture an image via the
image acquisition device 262, such as a push button, a foot control, etc. In some
embodiments, the triggering device and/or other mechanism may be attached to or

25 otherwise coupled to the image acquisition device 262. Further, image acquisition
may be automatically triggered by the object evaluation computer 204, such as
based on a timer and/or an occurrence of another event, and/or may be remotely

triggered via the network 214.
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20 Furthermore, although not illustrated here, the object evaluation computer 204 may include a
triggering device and/or other mechanism for manually triggering the object evaluation computer 204
to acquire or capture an image via the image acquisition device 262, such as a push button, a foot
control, etc. In some embodiments, the triggering device and/or other mechanism may be attached to
or 25 otherwise coupled to the image acquisition device 262. Further, image acquisition may be
automatically triggered by the object evaluation computer 204, such as based on a timer and/or an
occurrence of another event, and/or may be remotely triggered via the network 214. 30 In some
embodiments, the object evals@tiercoamopirter?Aopelites evatratonivanmpeid 1204 biguegek) using

one or more aof the logical connecti to_optionally communicate with one or more remote computers,
cervers and/o RHSH THETLEE U Ul 9o LSO SHEINE Rl e GO SRTEA SR r more &
networks suchpitotine petromudichtd hetedogioaintorrstiots complaciiiaseranys knaven otieshod of
permitting computers to communicate, such as through oneﬂigsf§ Eore LAN? and/or WANs. Such

networking e PORmTen Bl WM R A Wiy %ﬁ@ %ﬁﬁggﬁli&@%%ﬂrﬁ'ﬂ& networks,

intranets, Bxtrageisriansuitte abtrenestvorkeXam plitdsesiogie s mbathatns nizg eyjeithevatyation

computer 204 10 may commupnicate, with one or more additional image acquisjtion devices (not

ooy i S TR APE SR QL NG ARV AISHo GO o SR I PR E S

surfaces and/aTopbjeaNsagis doMpAdES SSnehbdyding rE b reNid HatMscars puda kaddn nrsamsdfurther

environments, thge\)@g?ct evaluation computer 204 ma%\/é{%o municate with one more other computing
ICE,

systems or 154 SR 7 A B RTINS RALRHEHS ré%%?u?é‘gﬁﬂ?&’&}éqd e images,
and/or to provisterinéerFatiex aegsedinssenruaiasbinagats, sHelobRonévanalivn egapling to

determined value of objects, etc. In some embodiments, the network interface 256, which is

communichtivERiFREETEREIE RN B OT Ao nde iBP R 4SmHisHiRg devices (not

shown) via the network 214, such as for the purposes of acquiring or capturing
images of other surfaces and/or object stacks for processing by the object
evaluation computer 204. In some further environments, the object evaluation
computer 204 may communicate with one more other computing systems or
15 device, such as to receive indications to acquire or capture and/or evaluate
images, and/or to provide information regarding evaluated images, such as
information regarding the determined value of objects, etc.
In some embodiments, the network interface 256, which is
communicatively linked to the system bus 210, may be used for establishing
20 communications over the network 214. Further, the database interface 252, which
is communicatively linked to the system bus 210, may be used for establishing
communications with a database stored on one or more computer-readable media
260. For example, such a database 260 may include a repository for storing
information regarding object evaluation, color tables, object color-value relationship
25 information, etc. In some embodiments, the database interface 252 may
communicate with the database 260 via the network 214.
In an environment 100 (Figure 1), program modules, application
programs, or data, or portions thereof, can be stored in another server computing

system (not shown). Those skilled in the relevant art will recognize that the
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20 communications over the network 214. Further, the database interface 252, which is
communicatively linked to the system bus 210, may be used for establishing communications with a
database stored on one or more computer-readable media 260. For example, such a database 260
may include a repository for storing information regarding object evaluation, color tables, object
color-value relationship 25 information, etc. In some embodiments, the database interface 252 may
communicate with the database 260 via the network 214. In an environment 100 (Figure 1), program
modules, application programs, or data, or portions thereof, can be stored in another server
computing systenokebsinestiynd kasevskillEihur @ aedeyalytstineibxecqieszef thatthef 31 network

connections shiwrl.ith(igure 2 are. or}% SO {Lexamgles ot[ ways cﬁ ﬁtablishin% communi%ations
between comBatare ARy SHEMUHAREER S FNS BECOLRY iR IR PP E AP HCLs A% RB odiments,
program modukss], dapplicitigwirslegsynsincsaiatac obpditrerssheregiacam evele heapisiiestiosnother
computer 5 systems or other devices (not s 0wn§ For convepience, the pr%cessi%(gpit 206, system

memory 208,%%%\%“?1)%? LRI Qgrf é,%beé(%]i HRr&q LS UBRIHA Rfely coupled to

each othep visyseeaysmmtbhes dd@cHeiedtyshmaviding connectivity between the above-described
components. In alternative embodiments of the 10 object evalﬁ%‘t'on comé)uter 204, t

above-described compone g r%%@)’ S r&‘?\ﬁfﬂﬁ?éﬁ?/'%ﬁﬂ r‘?’asém Péﬁ?%%%gaﬁan illustrated
in Figure 2. Foetaxakpie: 256 afdraterfidée 248)\asgeseribesteasananeotsrmaydagvdigctly coupled to

other components, or may be coupled to each other, via intermediary components (nqt shown). In
some embodiﬁ?&qggs“)?s?érﬁhb %rl\fj%st%?rﬁﬁfﬁtc?'é}%“fé@ ﬁ}ﬁ{f'p%/ngym '(‘ﬁn@&ﬁmga(t'dﬂ&ctly to each
other using sujtatleceoimeesbions-ddscriney ebihporiahedimentspeahenédaoeioverizeopiiects that
comprise a stack are iIILfstrated and described as having asc:%!g\géical sharPe with a circular periphery

or periphEtal QA SYA'HPHAREMRPURL tiife i ROURIGE compornents may be

communicatively coupled in a different manner than illustrated in Figure 2. For
example, one or more of the above-described components may be directly coupled
to other components, or may be coupled to each other, via intermediary
components (not shown). In some embodiments, system bus 210 is omitted and
15 the components are coupled directly to each other using suitable connections.
In many of the embodiments presented below, the objects that
comprise a stack are illustrated and described as having a cylindrical shape with a
circular periphery or peripheral edge, and in particular, the objects are chips.
Furthermore, the demarcated areas in which the objects are stacked are illustrated
20 and described as having a circular shape. It will be appreciated that in other
embodiments, the objects and/or the demarcated areas may have different
corresponding shapes.
Figure 3A is a representation of a pixelated image 300. Figure 3B
shows an image section 304c of the pixelated image 300. Figures 3A-3B provide
25 context for description of embodiments of an object evaluation routine described
with respect to Figures 5-16. Although Figures 3A-3B are not illustrated in color, it
will be appreciated that the pixelated image 300 is representative of a digital color

image that comprises of pixel data having color components (e.g., red, green,
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Furthermore, the demarcated areas in which the objects are stacked are illustrated 20 and described
as having a circular shape. It will be appreciated that in other embodiments, the objects and/or the
demarcated areas may have different corresponding shapes. Figure 3A is a representation of a
pixelated image 300. Figure 3B shows an image section 304c of the pixelated image 300. Figures
3A-3B provide 25 context for description of embodiments of an object evaluation routine described
with respect to Figures 5-16. Although Figures 3A-3B are not illustrated in color, it will be appreciated
that the pixelated image 300 is representative of a digital color image that comprises of pixel data

having color deog)pnéhts{eaus m‘dhgrebpc&dpipeé.rhv'ghmﬁr@ingag‘dlﬁi@@Ihj@msgm@mmrt@e i_mage
300 having corcr?fs;o din%t.colgﬁ% formation tt[1a is rEE%reserlug? in hﬁﬁlxekggta of image 300. Figure
3Ais arepres PP '&Q '&E%%??l%%& 400'6RE" SRR TS ding demarcated areas
108 and object stacks 102,Fages@Ads@ epresdhistiatedf enpbadineentoldrdntaggG00itay be
acquired or captyred he image acquisition device Fig. 1), such as for processing by the object
evaluation comiLi Wb HR GBI e (6 BOaRIATS SR 6P GHeBI e T SReRtopatead i the

2 oapeciive Germarcalod aIch 106, 10 Wil atack 1078 havind T ghiecls, tack 102k having o
a respective demarcated.area \ | ac aving five objects, stac aving two
Ohjects, stack THSE SR BPPHGRALS dnl otcR A AU R DLk (RORIER other stack
sizes are possialeatithadticinateg sfdieongh 4hisiglusitated:suaedinecott Slvw/ staekenf demarcated

e imag B85 R BREHSL UL 1 G ol U B GE DR CHEVRES PR T 8

position and asfentasiekhet epittel 1he isreatbatacksoh ebipeistileHbamectapdsaréaced®)d a portion
o et e AR 2 Iomng v Shal Staek Y SEP RE g tero e aek 1026
having three objects, and stack 102d having one object, although other stack sizes
are possible and anticipated. Although this illustrated embodiment shows seven
demarcated areas 108, other embodiments may include more or less demarcated
areas.
15 As is shown in Figure 3A, the image 300 has been acquired or
captured by an image acquisition device 112 from such a position and orientation
that each of the imaged stacks of objects 102 has a top surface and a portion of a
perimeter of the stack showing. For example, with respect to the stack of objects
102c, a top surface 310 and the side perimeter 312 of the stack 102c are visible in
20 theimage. In at least one embodiment, where the objects are cylindrical (e.g.,
chips), the top surface of the stack appears in the image as an ellipse, such as
illustrated here. In addition, in this illustrated embodiment, the demarcated areas
108 are circular, and thus also appear as ellipses in the images.
Various image sections 304a-3049 (collectively 304) of the image
25 300 are shown in Figure 3A. Each of the image sections 304 corresponds to a
particular demarcated area 108, and in particular, defines a section of the image
300 (e.g., a group of pixels) that is to be processed for object evaluation in the
corresponding demarcated area. For example, the image area 304a defines a

section of the image 300 that is to be processed for evaluating a stack of one or
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102c, a top surface 310 and the side perimeter 312 of the stack 102c are visible in 20 the image. In at
least one embodiment, where the objects are cylindrical (e.g., chips), the top surface of the stack
appears in the image as an ellipse, such as illustrated here. In addition, in this illustrated embodiment,
the demarcated areas 108 are circular, and thus also appear as ellipses in the images. Various image
sections 304a-304g (collectively 304) of the image 25 300 are shown in Figure 3A. Each of the image
sections 304 corresponds to a particular demarcated area 108, and in particular, defines a section of
the image 300 (e.g., a group of pixels) that is to be processed for object evaluation in the
correspondingnideeeibiedtrpaesant(f axpnpldctide magecdeacs4asiefimsage seclioms@alb-image

300 that is to rocessed fqr evaluating a stack of one or 33 m jects present (if any) in the
demaratod A4 BERDSRNEY SOTTAROS 5o AR eY oL i AT aFa
108b-108g. Essttiohth80magiucectonsy d4fitcdicesgaBacthaf tubsmnagal§0sthitwhpabstandially
encompasses a_respective demarcated ayea 108 and a stack of one or more b%ecéi 102 that may 5
be present in TREPRNE-IOR ARG AR AT AN oA S R T NREDe | LeiahT 984 may be
defined b a ugepbsdng ia thangepeotiligdeiiancatodessaln ivastus embodiments, tthe image 300 may
be comprised of varioys. amounts of digital image data (e.qg., pixel data), As one example, the image
200 may corRRS g B Ao R et B A e S P LS Sonoc o6
pixels, although other imagie sizesuvaynbedisesh(s, ghe MmegapOC M3ybegapielsdd oregapixel, etc.).
As is typical in digital image processing, the upper-left corner. of the image 300 is.illustrated as
orteaomaing PO AL R AR Bat e BHELABRIO APS5JS AT Tolox B ATHARR o Oib morizontal
axis and increggjngptesspesisitie dight afdbepikestiratest digitiahnsagsainainsl e iipged bfbeing the

vertical axis and increasing towards the bottom of the illustrated digital image 300. Further, each of
the imag?eose&%@(é%ﬁ% r 49§ QIher image sizes may be%sed (e.g., 2 megaplxe?, 8

megapixel, 10 megapixel, etc.). As is typical in digital image processing, the
upper-left corner of the image 300 is illustrated as corresponding to the origin of
the image (pixel position X=0, Y=0), with the X-axis being the horizontal axis and
increasing towards the right of the illustrated digital image 300, and the Y-axis

15 Dbeing the vertical axis and increasing towards the bottom of the illustrated digital
image 300.

Further, each of the image sections 304 may correspond to a
particular subset of the image pixels of the image 300, and may be defined based
on pixel coordinates corresponding to the particular subsets. For example, in this

20 illustrated embodiment, each of the image sections may be defined as having an
origin pixel (e.g., the upper-left corner) corresponding to pixel coordinates of the
image 300, and a specified height and width.

Of course, it will be appreciated that other embodiments are possible.
For example, the image 300 may have more or less image data, and/or other

25 coordinate systems may be used. Furthermore, the sizes and shapes of the image
sections 304 may vary in different embodiments, and even from one image section
to another image section. In addition, in some embodiments, prior to processing
an image section 304 for evaluation by the object evaluation system, the image

section 304 may be cropped from the image 300 and interpolated into an image
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particular subset of the image pixels of the image 300, and may be defined based on pixel
coordinates corresponding to the particular subsets. For example, in this 20 illustrated embodiment,
each of the image sections may be defined as having an origin pixel (e.g., the upper-left corner)
corresponding to pixel coordinates of the image 300, and a specified height and width. Of course, it
will be appreciated that other embodiments are possible. For example, the image 300 may have more
or less image data, and/or other 25 coordinate systems may be used. Furthermore, the sizes and
shapes of the image sections 304 may vary in different embodiments, and even from one image
section to anbﬁ\angrmgers@miansitmacddqura largemeuathbodimixets) psiatiaptacdigsiaty an image
section 304 for evalual@n by the ob %\Q?uatlon system, the image section 304 may be cropped
from the |mag% 68" ¥hd'th ?a?g to image 34 having larger dimensions (e.g., a larger number

of pixels), such as by dlgltaﬂthKGCB‘angdhs imnagessectiatiodOd. thiginags siulos 304psfsdptation of
the image section 3 300 A The er left corner. of the image sectign 304c
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tion 304 th t stack tinth td 08 t d
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a chip 366 belngt;at the bottom of the ack 1 ﬁ%surfac 2 (also e&ée red to hereln as a

"face,” an ob}%r ﬁﬂ:tén %‘Peﬁ%ﬁﬁﬁa )%‘F?h opa H%ma%f 86?%
perimeter of tbeetﬂinatéaﬁésm@ta/@kyraemeﬂ @rwasmetm ofishedsoiiosd eximise, fﬁdhﬂbj@ﬁﬂbOdlment,
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and a chip 366 being at the bottom of the stack 102b. A top surface 362 (also
referred to herein as a “face,” an “object face,” or a “chip face”) of the top chip 364
is visible, as well as a portion of a perimeter of the top chip 364 and a portion of a
perimeter of the bottom chip 366. In this embodiment, when the stack 102b is

15 positioned within the demarcated area 108c, the bottom object 366 of the stack
102b will appear in the image section 304c as being substantially within the
demarcated area 108c.

A bounding box 370 is illustrated in Figure 3B. The bounding box
370 is representative of the size of an object face as it may appear in the image

20 section 304c. In particular, the bounding box 370 is a rectangle that closely
encompasses the elliptical object face as it may appear in image section 304c,
with the height and width of the rectangle respectively defined by the vertical
height (in pixels) and the horizontal width (in pixels) of the elliptical object face. As
described in more detail elsewhere, the bounding box may be used by the object

25 evaluation system as part of locating objects and/or identify various features of
objects and/or object stacks.

In some embodiments, the bounding box 370 may be defined based
on an image of a representative object (e.g., a chip) as it appears when placed

within the demarcated area 108c, such that the object is completely encompassed
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demarcated area 108c. A bounding box 370 is illustrated in Figure 3B. The bounding box 370 is
representative of the size of an object face as it may appear in the image 20 section 304c. In
particular, the bounding box 370 is a rectangle that closely encompasses the elliptical object face as it
may appear in image section 304c, with the height and width of the rectangle respectively defined by
the vertical height (in pixels) and the horizontal width (in pixels) of the elliptical object face. As
described in more detail elsewhere, the bounding box may be used by the object 25 evaluation system
as part of locating objects and/or identify various features of objects and/or object stacks. In some
embodimentswitiérbthendéngaroxt&d Qeay 0O8cdefisrdnbaged. Gorexanage,doh soepresentative object

(e.g., a chip) as it appears when placed within the demarcated area 108c, such that the object is
complotely o DR e B AR R S a e O A I R RRRE o home
embodimentswiiietbawsdingldces raagresprtitfincsbibotingthicalibratioraaeessida 108ichtiseuser
places a representative object within the demarcated area 108c, the object is imaged, and the
Dounding bor B BELLT TR bRat F 1R REL0H RS 5 e TR0 RATHERAN Coiihhanual).
Indication5337 Arahgw seagheight obécinglenobjechéeugallihe height of the bottom object 366) as it
appears in the image section 304c. T%? height of the object as it appears in the image section may be
Predefmed, such as based BTGP LSHLTY AEIRRN ST SHLATSA PR LG Caeon Wt HaRE Dbject
positioned wititie Btitve dblvs HEIR P earSiicihas duyegectidiibsatien/ Tanimggnoeess). In some
embodiments, hhe h%g‘;ht of the o?ﬁeﬁ may be a determined meaa/ ve%réa\ge hEi h[&éof 0 hects as they
appear within GRS ARAGPREEIO M HIBTEFFISGHNRE S BERE AR B0 R AEREPE Rivihg aligned
object stacks,singi8 bbjesediaippdhes ihenternaigiesctiescnhed hesebjecepdsidippkealethin cases
where object sﬁacks are skec\ived or otherwise irreo%ularly o "
10 the demarcated area (e.g., such as duringa calibration/training process). In some
embodiments, the height of the object may be a determined mean/average height
of objects as they appear within in the image section.
Although Figures 3A-3B and 4A-4B are depicted as having aligned
object stacks, it will be appreciated that the techniques described herein are
15 applicable in cases where object stacks are skewed or otherwise irregularly
stacked.
Figures 4A and 4B show a representation of a set of target pixel
areas 402 associated with an image section of the pixelated image 300, according
to one illustrated embodiment. Figures 4A and 4B provide context for description
20 of embodiments of an object evaluation routine described with respect to Figures
5-16.
In particular, in Figure 4A, the set of target pixel areas 402 logically
subdivides at least a portion of the associated image section into a grid of target
pixel areas, with each target pixel area corresponding to a particular n by m pixel
25 area of the image section -- target pixel areas are variously referred to as “target
quadrants” or “target quads” in some embodiments described herein. In this
sense, the term quadrant or quad is not intended to be limiting to an area divided
into four sections or sub-areas, but rather is intended to be broad referring to any

division of an area without regard to the total number of sections or sub-areas. In
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stacked. Figures 4A and 4B show a representation of a set of target pixel areas 402 associated with
an image section of the pixelated image 300, according to one illustrated embodiment. Figures 4A
and 4B provide context for description 20 of embodiments of an object evaluation routine described
with respect to Figures 5-16. In particular, in Figure 4A, the set of target pixel areas 402 logically
subdivides at least a portion of the associated image section into a grid of target pixel areas, with
each target pixel area corresponding to a particular n by m pixel 25 area of the image section -- target
pixel areas are variously referred to as "target quadrants” or "target quads" in some embodiments
described hersim dénethisodiemsetstthdasizepidteantoyrmuacyest poicahtess edaly dee donfigg dblan area

divided into f ' - b her is i ded to.be broad referri divisi f
an area with oo VLGSR oL U O CAURERe L CLE ARG SIS UBE crmbodiments, he Sie

of the n by m target pixel ate@neagrbisoctinmigir diBesesut aagehpbad arethesiigihindcendidons in the
imaging environment. Jn one embodiment, the set of target pixel areas s the entire portion of the
image SoctiorPHUEM Ay BE LBAGRISTSHGIs Bel oA YoS Ry SLSGER 1 R BRI BIEG b g,
identifyingba tope&odanotbjacts teeystatktbpisiiieneg witbiortbettemaer catestaskppositierassociated

[ tion. F le, i typical embodi t, the set of t t pixel : f th
eftmost visiold BEHER PR GRS AP ARARA RSP RERIE hol ¥ PRI Sidrcated area

(e.g., column §repeiaspdirdeig the iitmosirgertmephtbasiemaaiadrareahd biintbsolisisiet 22

ds to the rightmost porti the d ted ,and f iti bove th
Gomarcateo O3 BD WS CBASHBIT & SPPet AL R GATR AL Etle present

in the demarcated @reg, Eothe rhotorneshostiEedRnE tsraideepietion ortge deadegedureis
OO G GoTuT 425 U Sapangs 1 the HRMOe! parion of e domatonied 2ram) an
from some position above the demarcated area that may correspond to a highest
considered elevation of a stack of objects present in the demarcated area to the
bottommost visible portion of the demarcated area (e.g., row 424 corresponds to
the highest considered elevation, and row 426 corresponds to the bottommost
15  visible portion of the demarcated area).

In at least one embodiment, the target pixel areas of the set of target
pixel areas 402 may be 10x10 pixel areas. For example, in such an embodiment,
the target pixel area 402a corresponds to a pixel area that includes pixel
coordinates (Xo, Yo) to (X049, Yo+9) of the associated image section, while a target

20 pixel area 402b corresponds to a pixel area that includes pixel coordinates (xo+10,
Yo) to (Xo+19, yo+9), and a target pixel area 402c corresponds to a pixel area
covering pixel coordinates (xo, Yo+10) to (Xo+9, Yo+19), and so on. In this illustrated
embodiment, each target pixel area has up to eight neighboring target pixel areas
(e.g., above, below, right, left, upper-left, upper-right, lower-left, lower-right). For

25 example, the eight target pixel areas 416 surrounding the target pixel area 402d
are neighboring target pixel areas of target pixel are 402d.

As is described in more detail herein, the object evaluation system
preprocesses pixels of an image section to determine which pixels of the image

section correspond to contours (e.g., edges). For example, each pixel of the
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15 visible portion of the demarcated area). In at least one embodiment, the target pixel areas of the set
of target pixel areas 402 may be 10x10 pixel areas. For example, in such an embodiment, the target
pixel area 402a corresponds to a pixel area that includes pixel coordinates (xo, yo) to (xo+9, yo+9) of
the associated image section, while a target 20 pixel area 402b corresponds to a pixel area that
includes pixel coordinates (xo+10, yo) to (xo+1 9, yo+9), and a target pixel area 402c corresponds to
a pixel area covering pixel coordinates (xo, yO+1 0) to (xo+9, yo+19), and so on. In this illustrated
embodiment, each target pixel area has up to eight neighboring target pixel areas (e.g., above, below,

right, left, uppiendgt, agatier myky, bevweaded olayveithi st pidiarrRbgbkammdepitteseighy. tar§eBpkallareas
416 surrounding the target pixel area 402d, are. neighboring target pixel areas pf target pixel are 402d.
As i describ NIRRT T e e B AT OR AR OB el of an image
section to detevaingtingitte pixeimsf Hetweayeasecswt tasmesighibdingpiolss Each, wrigeshtFor
example, each pixel of the 37 image section may be read aJong with its eight neighboring pixels (e.g.,
543 pel KeA D BEES A E RIS BRaEm Ui A0 EPRSARS T ESaHEAPIg! BUER g e
contrast betwerensaridusrgétipexetigbertR pheelsofraspavideltthiie iRlstaifidicgias’'a contour pixel is
associated with an appropriate target pixel area.qf 5 the set of, target pixel areas 402 that corresponds
o the et PP R SH A S AL D SR B e ST AL HBig w
the target pixgirgeepiditerdae eorioleniseld ar@isebdirieeduatoidee stbahtasgeopiseyarnsiasi402 in
such a manner, theZ? ject evaluation system may then lljtilize the set of tar?geé ixe| areas 402 as part
r

|
of locating & SLERSA AN SHSTH Ao BBRAE It ok aL SRR I Sy st e ay Toe Pz, (5 85 object

in the stack, spiclaigiréng dhe 40p asphhoitdmneiithg steeicobobiesis: oservejetmbadinents, the
object evaluation system may use the location, of the top and bottom to determine a total _number of
Chips in 10 SAORUNTE TGRS 367 SSEATHANG DR O D APRLLRAg S12ck, Such s locating

the top and bottom of the stack of objects. In some embodiments, the object
evaluation system may use the location of the top and bottom to determine a total
number of chips in the stack and to locate, for each of the one or more objects in
the stack, an area of the image section that corresponds to at least a portion of a

15 perimeter of the object, such as the perimeter area 412 corresponding to the top
object and the perimeter area 414 corresponding to the bottom object.

In this illustrated embodiment of Figure 4A, the set of target pixel
areas 402 is associated with the image section 304c (Fig. 3A-3B) which includes
the object stack 102b (with objects 364 and 366) and the demarcated area 108c.

20 In particular, the preprocessing of the image section 304c may detect contours
associated with the objects 364 and 366 (Fig. 3B), such as the edge 404
corresponding to a face ellipse of the top object 364, the edge 405 corresponding
to a portion of a bottom ellipse of the top object and/or a portion of a top ellipse of
the bottom object, the edge 406 corresponding to a portion of a bottom ellipse of

25 the bottom object 366, and edges 407 corresponding to the sides of the objects,
and associated with the demarcated area 108c (Fig. 3A-3B), such as the edge
407. In some embodiments, the top of the stack of objects 102b imaged in the
image section 304c corresponds to the edge 404 and the bottom of the stack of

objects corresponds to edge 406.
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the stack, an area of the image section that corresponds to at least a portion of a 15 perimeter of the
object, such as the perimeter area 412 corresponding to the top object and the perimeter area 414
corresponding to the bottom object. In this illustrated embodiment of Figure 4A, the set of target pixel
areas 402 is associated with the image section 304c (Fig. 3A-3B) which includes the object stack
102b (with objects 364 and 366) and the demarcated area 108c. 20 In particular, the preprocessing of
the image section 304c may detect contours associated with the objects 364 and 366 (Fig. 3B), such
as the edge 404 corresponding to a face ellipse of the top object 364, the edge 405 corresponding to
a portion of a bottom ellips& afhsixelpobd tiechagaeatmriBiaotizatdp détpsmiokdite bottom object, the
edge 406 corresponding to a portion of a botto E|£ se of 25 the bottom o jecti:GG and edges 407
ket @ e i

corresponding %5 T8 DS ESSINPL A S (FRRIND 1@ FRLpeL Riyel Asa Bl g
3A-3B), such set ibietadee pil aressod@2efonthaenipddestopiishratriack ofapbirctsdddednaged in

the image section 304c corresponds to the edge 404 and the bpttom of the stack of pbject
corresponds t %W%?%%@%W?ﬁ?@lcgﬂﬁ%%@&gg&l ?ﬁﬁﬁf@?rﬁgqgﬁéigﬁﬁ%dg8s espond to
ah contour &s aa?;%oemmtarggiqurﬁaémedmgwmrgﬁhmmbaw@dilb;tmwdéet teageepuetaes 402. tIjorf

the purposes of [llustration, It may be assumed that contours a etected corresponding to each o
the biges 40 MBHEALTIRN, BBl G TEBRATILR oF ATBLION 0t L < BEIBELF B B adges
404-408 includryeppirelrdrixe|srurexspopidingdas gerpixeioiiée 40mei Honidete tarrtsHsxéget pixel

the edge 406 THAERISUB DS AGEL D MESTHEADL DB S LIS SRR PR TAbluce any
detected contggpgixels are considered "empty." For example, target pixel area 402b does not include
any. edgglata, nor does e oo A0S Bse b SaT indiic Sy detetied Contour pixels are

considered “empty.” For example, target pixel area 402b does not include any

edge data, nor does the group of target pixel areas 410, and are thus considered

empty target pixel areas. In some embodiments, a group of neighboring target

pixel areas that do not include any associated edge data, such as group 410, are

15 referred to as a streak of empty target pixel areas.

It will be appreciated that the edges 404-407 are merely exemplary,
and in real-world applications, additional edges may be identified in an image
section, such as corresponding to various markings and/or visible designs included
on the objects, the surface, or within the demarcated area; and/or other

20 items/information that appears within the image section (e.g., objects or items in
the background of the image, etc.); etc. In addition, edges and/or portions of
edges associated with one or more objects may be missing, such as if there is
insufficient image data to detect an edge or a portion of an edge (e.g., when an
edge is in shadow, in dark lighting, obscured). Even in such situations, the

25 techniques described herein may be utilized to evaluate a stack of objects.

In Figure 4B, an embodiment of a sample bounding box 418 being
applied to a group of target pixel areas of the set of target pixel areas 402 is
illustrated. The sample bounding box 418 has a height and width that corresponds

to the height and width of an object face as it appears in an image section (e.g.,
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empty target pixel areas. In some embodiments, a group of neighboring target pixel areas that do not
include any associated edge data, such as group 410, are 15 referred to as a streak of empty target
pixel areas. It will be appreciated that the edges 404-407 are merely exemplary, and in real-world
applications, additional edges may be identified in an image section, such as corresponding to various
markings and/or visible designs included on the objects, the surface, or within the demarcated area;
and/or other 20 items/information that appears within the image section (e.g., objects or items in the
background of the image, etc.); etc. In addition, edges and/or portions of edges associated with one or
more objects suay e thissalihratsdth seuifdheydsx BRuBidkgIinaBe datetteedetatibainettgeDa a portion

o e D AR LA I RS, e e I hsiptons e
embodir_nent @‘ramnmie _b@mpdbr‘rg)bndm@&bﬁimw apal_'@détgatgmwn@’ré&ml_&tdijelta@hsi@ﬁﬁhe set of
contesponds. {4 B SRAHEARHGHRR 6 DRTECU LD 48 1B 1 AP HEe CRBBAER - 30 such
as the calbrateglibapieting ihaksiriagfdrdeutio SBhd mealiaen ¢mbodiraepbnia teanepkediowhdieg box 419
eigh that CoPBELIRRE o E FETEHE BPHS BEAA et SR 3 1 Bl PAUSBS S0 Mottom of the
demarcated ageq)s s ihapngixeliatdasiotape sectiomagst pixattiidhstuoareaphngsite the width of the
areas of the BUVERGE! A LRL BG5S ARS G LA B Wb EA S, ORIy ing one
or more featurrstehaystrcpret oniesthdhaiagey denprsastiarte snaged desmiisedad aiem such as
describegfloin rgg{gil %%g\(lav aeilree.lsewhere. Furthermore, although the embodiment of Figures 4A and 4B
Furthermore, although the embodiment of Figures 4A and 4B
described above use 10x10 pixel target pixel areas, the size of target pixel areas
may be smaller or larger in other embodiments. In some embodiments, the size of
a target pixel area may be determined based on the lighting conditions in the
15 imaging environment, as low light images may tend to have low contrast which
may result in blurred edges, while bright light images may tend to have high
contrast which may result in sharper edges. For example, in low light conditions, a
larger target pixel area may be preferable (e.g., 10x10 and greater), while in
brighter light conditions a smaller target pixel area may be preferable. In addition,
20 although the set of target areas 402 is illustrated as subdividing an entire image
section, in other embodiments, the set of target areas may instead correspond to
one or more subsections of the image section.
Figure 5 shows a method 500 of operating at least one object
evaluation computer system (e.g., system 114 and/or 204 of Figures 1 and 2,
25 respectively) to facilitate evaluating a stack of objects in an image, according to
one illustrated embodiment.
At 502, the method may acquire or capture a pixelated color image of
a surface of a table, the pixelated image including at least one demarcated area

which may contain a stack of one or more objects.
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described above use 10x10 pixel target pixel areas, the size of target pixel areas may be smaller or
larger in other embodiments. In some embodiments, the size of a target pixel area may be determined
based on the lighting conditions in the 15 imaging environment, as low light images may tend to have
low contrast which may result in blurred edges, while bright light images may tend to have high
contrast which may result in sharper edges. For example, in low light conditions, a larger target pixel
area may be preferable (e.g., 10x10 and greater), while in brighter light conditions a smaller target
pixel area may be preferable. In addition, 20 although the set of target areas 402 is illustrated as
subdividing an entire image\ts®iaheimethed enayosliepeatesthatdetisf tasgetianesistmagcinstead

correspond to_gne.or more subsections of the imgge section. Figure 5 shows a method 500 qf
oporatmy at 1 MAGE R EO RN SR R Rt b P SRR RSP IR ures 1
and 2, 25 respepityeylptatatiitaienagel datindoa ttaceof @bsiotsa meduinadasiactatdjeg o one
illustrated embodiment. At 502, the method may acquire .or capture a pixelated cglor image of a
Curfacs of 2 R o0 AL EMGUETARE At e R B AR aE 4 ek s BBhiain a
stack of oge aromesp@inedts cantdlbiketbamnigdhasnayipieasmeasdaddeashatsentiespohdietacquired
color image that correspondsio t%%at least one demarcat%d rea to produce a set of two cqlor

contour imagd AAEIIPHPRE o BF B IRLiBP REIGAMRGR M FartU B P HRSHR e Wntour

image data inglusteRqux@isdla\ing blfckt sinkss et esporiespertsdortoniqixglixela aadindglmhaving a
second color that corre%ﬁ)éznds to non-contour pixels. For xamﬁlljegiﬁt(go e.embodiments, white pixels

correspond S UBRSTIIARERE R mﬁcﬁz Q@Fsac%??:ggﬂo(?{(} & A 8%&8&9%&5’&65%‘& some
embodimentsatbgpapieash aseriiaoiibe asauiredgmlaninageimaydniiodenarisbtinedidsa the

acqu?red1color !ma e, while in other embodiments, the a‘ least 10 a portion may include the entire
acquired 90|0@|H%{ggr_1 may include the entire acquired color image.

At 506, the method may process the set of two-color contour data to
locate a stack of one or more objects within the demarcated area, if such a stack is
present. In particular, as part of such processing, the method may identify from
the two color contour data a location of a top of the stack and a location of a

15 bottom of the stack within the image section, as well as determine how many
objects are present in the stack.

At 508, the method may determine a cumulative total value for the
stack of objects present in the demarcated area, if any. As part of determining a
cumulative total value, the method may identify a set of color pixels for each of the

20 objects that are present in the stack, such as based on the determined location of
the top and bottom of the stack, and classify each of the objects in the stack into
an appropriate color classification based on a respective identified set of color
pixel. The method may then determine a value associated with each of the color
classifications, and sum each of the determined values to calculate the cumulative

25 total value for the stack.

Although not illustrated in the method 500, in other embodiments, the
acquired or captured pixelated color image may include multiple demarcated areas
that may each contain a respective stack of one or more objects. In some such

embodiments, the method 500 may identify multiple image sections of the acquired
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At 506, the method may process the set of two-color contour data to locate a stack of one or more
objects within the demarcated area, if such a stack is present. In particular, as part of such
processing, the method may identify from the two color contour data a location of a top of the stack
and a location of a 15 bottom of the stack within the image section, as well as determine how many
objects are present in the stack. At 508, the method may determine a cumulative total value for the
stack of objects present in the demarcated area, if any. As part of determining a cumulative total
value, the method may identify a set of color pixels for each of the 20 objects that are present in the
stack, such asnhegedadih té@cdejétma’r‘lethifdJ@diidmagjetbecﬁtdxpnamxd)rfneﬁ}mmdihg“nmsrmdti\mmdtolassify each

of the objects in ﬁ e sta klnto propr ecol Iaésmcatlo %ase on ectlve |dﬁnt}fied set
of coror. el B HRHS RGO oA AR e R UM BEARE A G BT B Es R
classificationgherichageseatio s tb@u@ltmmlaedsmuﬁﬁdetaakumbjémsqwmwbea&@mmlue for

the stack. Although not illustrated th thogd 500, in oth tth tured
pitated colol IR ES Ao A Ao BEFREA s e ORADR ) BHEN Bolld Ebpoctve

stack of ope Orrm@@esgb]mfg In some such embodiments, the method 500 may identify multiple

[ ti f th d41 ith he identified ti di
respectvely 1 partioular RGNS BT 100 ALNEIE GRS BECS Tr6GE oach of

the image Seqwaﬁdmg\talua&l|msmp@dtua@@dﬂh@ﬁtobrwmmomm@mmeserﬁmpldy@mge section,

such as by performin s.504-508 for each fthe m e sections. Figure 6 shows a
method 600 o?%[iﬁﬁn&\ %fedgﬂﬁgﬁr?éﬂw?maﬂ B?8¥I$§bo o'rge ustrated embodiment. The method

600 may be employed in pergoniag th@g@m@gnwﬁltmm@é mathaddpe drigap)uit £02, an image
vaUISIthr(]) degllfglé?ga/ coclg}J ”T?a%recgfo é%reeoar more demarcated areas on a surface of a table.

The image acquisition device is positioned at non-zero degree and non-

perpendicular angle out from the surface of the table and oriented to acquire or

capture at least a top surface of a stack of objects located in any of the one or

more demarcated areas as well as a portion of a side perimeter of the stack, such

15 as described elsewhere.

Figure 7A shows a method 700 of preprocessing at least a section of
an acquired or captured color image, according to one illustrated embodiment,
which may be employed in performing the image preprocessing of the method 500
(Fig. 5).

20 At 702, the method may generate a gray scale image from the
section of the acquired or captured color image. The gray scale conversion may
be performed using any number of known techniques. For example, in some
embodiments, the method may convert each color pixel of the section to gray scale
by estimating the luminance of the color components (e.g., red, green, and blue) of

25 the pixel and using the estimated luminance to determine a gray scale value for
the pixel.

At 704, the method may analyze the gray scale image data to identify
contours and produce a set of two color contour data. Contours may be identified

by applying an edge detection filter to the gray scale image, with the two color
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10 pixelated color image of one or more demarcated areas on a surface of a table. The image
acquisition device is positioned at non-zero degree and non- perpendicular angle out from the surface
of the table and oriented to acquire or capture at least a top surface of a stack of objects located in
any of the one or more demarcated areas as well as a portion of a side perimeter of the stack, such
15 as described elsewhere. Figure 7A shows a method 700 of preprocessing at least a section of an
acquired or captured color image, according to one illustrated embodiment, which may be employed
in performing the image preprocessing of the method 500 (Fig. 5). 20 At 702, the method may
generate a gray sy gata pgediiosd thy assotiting tdgacoinezanithca itstesbioolandhmageedde gray scale

conversion may be performed using any number of known techniques. For.example, in some
ebotments S ALK THEY CoitIeh JAch K10t B PETAE Qo Ieeapiep B BBV ostimating the
luminance of s ccitedoniiponkitésHieds, whilgreenedgdding) bb2ssoeiptsel withl bisick) ghelestimated
luminance to determine a gray scale value for the pixel. At 704, the method may analyze the gray
scale image oé(ié%cié\@ﬁﬁl%'ago o%?grﬁﬁdﬁfﬁgﬁﬁé%%%%%ﬂn o(qtﬂ)%?n@&ntour data. Contours may be
identified By applying an efgeaB;teetionethicd tndhelgraysealeisndgen Wit tthe tolocodetdi? image
data produced by associating edge pixels with a first color and non-edge  pixels with a second color. In
at loast one TGS, GAb& HHaURr I B SERIEF i LR ST ok AU REKSdges may be
associated wigxiptariopixetsge@iRerscotorsthecyv @t clairsentot tisesie einer it adiawiipikety 706,

embodiment= HOHATLARHAD TGS EHOBES bR RIS Hons Bl 90 QR Lorr image

embodiments,
data, such as edge pixels FgtiRyTBrii@hste crtespI0e s prgascisbiagtacisiof iMmagy, more objects,

etc. 10 according to one illustrated embodiment, which may be employed in performing
the image preprocessing of the method of Figure 5.

At 710, the method may optionally perform reference image
subtraction pre-processing such that markings or irregularities in or on the surface
on which the stack of objects is resting may be subtracted or reduced from the

15 pixilated data. This may be performed by comparing a set of pixilated color image
data representing the pixelated reference image to the set of two color contour
image data of the acquired pixelated color image including the stack of objects.
For example, the reference image may be an image of the area on which the stack
of objects is resting, but not including the stack of objects. This image may then

20 be subtracted from the acquired or captured color image including the stack of
objects, thereby leaving the stack of objects itself as the difference between the
images. Further details of such a process are described with reference to Figure
7C and Figure 7D below.

At 712, the method may optionally generate a gray scale image from

25 the section of the acquired or captured color image resulting from the subtraction
above. The gray scale conversion may be performed using any number of known
techniques. For example, in some embodiments, the method may convert each

color pixel of the section to gray scale by estimating the luminance of the color
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Figure 7B shows a method 708 of preprocessing a color image, 10 according to one illustrated
embodiment, which may be employed in performing the image preprocessing of the method of Figure
5. At 710, the method may optionally perform reference image subtraction pre-processing such that
markings or irregularities in or on the surface on which the stack of objects is resting may be
subtracted or reduced from the 15 pixilated data. This may be performed by comparing a set of
pixilated color image data representing the pixelated reference image to the set of two color contour
image data of the acquired pixelated color image including the stack of objects. For example, the
reference imagempaydresaeigagsl pftberqraadan vehicht ieepitetlanaf udijerthasaststiagedut not
including thejtack of obigcés This ima%e maé btractfd from the acquired or captured

S

hen 20 be
color image i BIHHIHBQ% f&ﬁrg}m@oﬁe fg}/tﬁ ?Lequﬁ'a?\/?% feRE&ek of objects itself as the difference
between the images. Furthirtietaitseahstieboanmug cessyare tdesprlyest avghmelgserzte to idigntiey 7C and

Fi 7D below. At 712, th thod ti | t lei fro] .th ti
of the acquire B LB ETE R A B L GAR N LU oo TR o Ay Sl
conversiod may hppgrfgranesdgsingiaayisnifiieetothegray seatnimes, hatrekanpte cigome

minance of IRFGEPARDTSSRERE 2 AULE GFRA PRI I RE AR GO o cotmatod

luminance to gixelgning a geaysedelvalue fnnsastpinel efbbtimie, reagwgixeqyraaglyee the gray
scale image data to identify contours and produce a set of two color contour, data. Contours may be
e B o R

identified 5 b§SHIAGAIRS M BSGUE& PORFRIGES "UAXIBSASERCIART WETMREREE B fifage data
produced by @B$reistrgLARs PokeSUEH) Bdiliaiarotne rorbedirepizels with a second color. In at

st o modment, e B Sl R dSsgs il Ml et p9gyedits oy be
image data. For example, in some embodiments, the method may eliminate
extraneous edge pixels from the two color contour image data, such as edge pixels
that are unlikely to correspond to edges of the stack of one or more objects, etc.
Figure 7C shows a method 718 of preprocessing a color image

15 including details of optionally performing reference image subtraction pre-
processing, according to one illustrated embodiment, which may be employed in
performing the image preprocessing of the method of Figure 7B. In particular,
Figure 7C shows in further details the reference image subtraction pre-processing
and other details which may be performed before block 712 of Figure 7B.

20 At 720, the method optionally color balances the image to have it
more closely match a reference image taken without the stack of objects. For
example, this may include color balancing the set of pixilated color image data
representing the pixelated reference image having no stack of objects in order to
have it more closely match the set of two color contour image data of the acquired

25 pixelated color image that includes the stack of objects.

At 722, the method optionally rotates the image to compensate for
camera distortion for stacks that are near the edges of the image. In reference to

the present example, the set of two color contour image data may be rotated to
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Other colors may, of course, be used in other embodiments. 10 At 716, the method may eliminate
noise from the two color contour image data. For example, in some embodiments, the method may
eliminate extraneous edge pixels from the two color contour image data, such as edge pixels that are
unlikely to correspond to edges of the stack of one or more objects, etc. Figure 7C shows a method
718 of preprocessing a color image 15 including details of optionally performing reference image
subtraction pre- processing, according to one illustrated embodiment, which may be employed in
performing the image preprocessing of the method of Figure 7B. In particular, Figure 7C shows in
further detailschepeferaieceimnage sLbiktntion foeepmoessorg stackstbeobiectdsthediaremayrbe
performed before blocm 712 of Figure 7?. 20 At 72§ he method optionally color balances the image to
have it more %fi%eeeif Q?c Y2 fé?g’.feﬁ%'& ?M%\'é@al%‘?( rﬁl ithout the stack of objects. For example, this
may include color balancingiti7e4ehef pixitai¢dneyl@lignabe tiabgerapteasiotingcthenzigelaicb reference
image having %f stack of objects in order to h%\]/e it more cl(ésé%y match the set ftwg color contour

g

image data of H18"5t 80 DEAIRLRASH AR 19266 AHAL IRCRAIEE QLR B0 LR 752 the

method optionadypretairsdkenipleg ehtornethpenaaiediign camesa sligiaitzoed ecoriatkagealaate near the
edges of the image. In reference to the present example, the set of two coloy contour image data may
Esepiihe Rrdarrd e Mg e &

be rotated to &% 8&?{35?95 &ofifo %ﬂ@% %5&1 AR %fé’&goﬂ{d *near

edges of the W@caiciceUNbiIMegRARAL &t A2t meduiitinadaligs thedtegeqneergference
image (also re.ferred 0 as image registration) to account for camera movement. In reference to 5 the

present examB'Iée, fie R5 Qﬁ'align the set of pixilated color image data representing the pixelated
reference image and the se\tofd8/aieoipeasianajniage sdbteata Brcasfardncopvagecid of the image

acquisitic1)r(1) dei\r/ri%%g.s (?rq }gfgfe lgéetéht%ep;i))ég\le:aetﬁp e&gr%rp-ren,q[ﬂg'method may subtract the set of
pixilated color image data representing the pixelated reference image of the area
from the set of two color contour image data. This may eliminate many table
markings which would interfere with later steps.
At 728, the method may add back an element of average

15 background color of the original image to the image resulting from the subtraction
above of the reference image. Regarding the present example, the method may
add back to the set of two color contour image data resulting from the subtraction
of the reference image data, image data representing an element of average
background color of the area on which the stack of objects is resting.

20 Figure 7D shows a method 730 of preprocessing a color image
including further optional details of performing reference image subtraction pre-
processing, according to one illustrated embodiment, which may be employed in
performing the image preprocessing of the method of Figure 7B. . In particular,
Figure 7C shows in further details the reference image subtraction pre-processing

25 and other details which may be performed before block 712 of Figure 7B.

At 732, the method optionally color balances the image to have it
more closely match a reference image taken without the stack of objects. For
example, this may include color balancing the set of pixilated color image data

representing the pixelated reference image having no stack of objects in order to
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At 726, the method may then subtract the reference image from the 10 image. In reference to the
present example, the method may subtract the set of pixilated color image data representing the
pixelated reference image of the area from the set of two color contour image data. This may
eliminate many table markings which would interfere with later steps. At 728, the method may add
back an element of average 15 background color of the original image to the image resulting from the
subtraction above of the reference image. Regarding the present example, the method may add back
to the set of two color contour image data resulting from the subtraction of the reference image data,
image data remeeeintmgaolmemmamhaWageobmmundmmmadamm tubiekbdbizeztack of

objects is resting.,20 Figure 7D sh 30 of ce sing a color image including further
optional detalfé%eflﬁt&q ‘?ﬁl?ﬁé’?éf%‘? 813' n}éﬁ%%chﬁra J%? cessing, according to one illustrated
embodiment, which may bexemzlpy&ﬂmetped@mnmgaﬂyeromgethsemwmm@mfﬁémsmethnd of Figure
7B. . In particular, 7C s in furth detallst renc e subtra re-processing
25 and biner GEEREAR 0L Db R HE D OFE IR 5P AR B78° Al T OIS dthod
optionally golahdplesees éxemmeﬁe b@t\/@f ltwmemacmlosaiwn&miga oefier enoge benagrateken without the
stack of objects. For exangf%e this m Iud color balancm% %ése of pixilated color image data

representing (Y RSORALE RLERIMRE 'RH o°hG L0068 S OOIGES AL IREN more
closely matchgb@gse@fqﬁ@\m@cdcmwwumgg@ama)f the acquired pixelated color image that

ittty (0T G e B A L
example, the setofitWcolensrninovémage @ala roRyred otateithtgeaagienaatmforigamera distortion
for e O MO aiants 20 T hrasont axampie, thaTnathod may &fign tha et of pradted aglor
image data representing the pixelated reference image and the set of two color
contour image data to account for movement of an image acquisition device used
to acquire the pixelated color image.
At 738, the method may optionally convert the color image and color

15 reference image to grayscale. In reference to the present example, the method
may optionally convert the set of pixilated color image data representing the
pixelated reference image data to gray scale and convert the set of two color
contour image data to gray scale if the converting to gray scale had been. The
determination of whether to convert the data to gray scale may be based on

20 whether it is likely to improve accuracy of the determining of the total number of
objects in the stack. Also, the conversion may occur either before the subtracting
described below of the set of pixilated color image data representing the pixelated
reference image or after the subtracting described below of the set of pixilated
color image data.

25 At 740, the method may then subtract the reference image from the
image. In reference to the present example, the method may subtract the set of
pixilated color image data representing the pixelated reference image of the area
from the set of two color contour image data. This may eliminate many table

markings which would interfere with later steps.
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At 736, the method may align the image and reference image to account for camera movement (also
referred to as image registration). In 10 reference to the present example, the method may align the
set of pixilated color image data representing the pixelated reference image and the set of two color
contour image data to account for movement of an image acquisition device used to acquire the
pixelated color image. At 738, the method may optionally convert the color image and color 15
reference image to grayscale. In reference to the present example, the method may optionally convert
the set of pixilated color image data representing the pixelated reference image data to gray scale and
convert the set of two color AtafRuihienagehdatentty gray Isaakedh thieoenyeftingtagiFray scale had been.

The determinatign of Waeth I to convert th data to gray scale may be Q@I d on 20 whether it is likely
to mprove acRHFAB R TG et Ah iRl LT URe G rRe 7' 1 LLO i AR OR LS IHEC
conversion maymotisr filitesidiefio bthe sifhtractfgedesdnizesd beRwygaiding sed pfedsitated color image
data representing the pixelated reference image or after the subtracting described below of the set of
piilated colo? BRI UAIE B8 M T RSHRARS S TRLR AR SRR R GRIRA 3 from the
image. In seferesnderig thegrpresenbasatipiaithe mdtedoaay sybitacs tha=sps ohtaixilated color image
data representin? th%(]ﬁixelateq refer?n e image ﬁ%q(e area fr&nt e set of %Y,P color o?é%ur image
data. This mal BIRTHAIEhHAT EARe r%a?l‘é‘?{&@@v AOURA RSy SEA e glue G42, the
method may agdsaskvhitklgvenack averjeeishaekgtipgnd color (or gray scale value) of the original
image to the image resulting from_ the subtractign gahove qof the reference image. Regarding the
present example, the metlid8HiaY SER-AXTG R SAGP LIt RLTEPEABIFRAYE SERY S Sulting
from the subtiagiigs) attediatpieneeimageadadariibagerdaia weisreseiting emgleyeenhahaverage
background color (or gray scale value) of th
g u10 meth(od 90(}/ (lc-‘?g. 97)() éjs E)art ofe preprocessing an image section.
At 802, the method may apply an edge detection filter to the gray
scale image. For example, in some embodiments, the method may read in pixels
from the gray scale image and output a gray scale pixel value for each pixel
indicative of a correspondence between the pixel and an edge. In a typical edge
15 detection filter, the output gray scale pixel values range from black (indicating no or
a low correspondence to an edge) to white (indicating a high correspondence to an
edge), although other color ranges are possible. Various edge detection
techniques may be used in various embodiments, such as including, but not limited
to, Roberts Cross, Sobel, Canny, and/or other techniques. In at least one
20 embodiment, the method may read a sample pixel and its eight neighboring pixels
(e.g., a 3x3 pixel kernel), compare HSB values of various of the neighboring pixels
(e.g., by subtracting various of the neighboring pixels from each other), and
determine a gray scale pixel value for the sample pixel based on a determined
contrast between the various neighboring pixels.
25 At 804, the method may determine HSB (hue, saturation, and
brightness) values for each of the gray scale pixels output from the edge detection
filter.
At 806, the method may classify each of the gray scale pixels as

being either black or white based on the determined HSB value for the pixel, with
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area on which the stack of objects is resting. Figure 8 shows a method 800 of identifying contours in a
gray scale image, according to one illustrated embodiment, which may be employed in the 10 method
700 (Fig. 7A) as part of preprocessing an image section. At 802, the method may apply an edge
detection filter to the gray scale image. For example, in some embodiments, the method may read in
pixels from the gray scale image and output a gray scale pixel value for each pixel indicative of a
correspondence between the pixel and an edge. In a typical edge 15 detection filter, the output gray
scale pixel values range from black (indicating no or a low correspondence to an edge) to white

(indicating a mg‘mte:cimrﬁe@mgimehe p'rxad_adgablz @d@@pfgmb#memlamf imm@rmgbmmméywiogs
e T e e P, B Bk B
may read a samepiexplsehapbézrighitioaigblaitieg iackor abitesdoasdPuretielnahstynopare HSB
each other). " BESCTTT I ETARG PGS SRR P Cam e DY Bk B Retelth e
contrast betwerenrtirhatiouy crigbipIn@RixelsingHSBBAgthesnethodenaythieter foiner s ¢hue,
iter At 806, (FeSmEdbAThED G AP OP P G A5 SOalB BRI B P BT BFa8 or white
b_ased on the a@mmﬂﬂd-tsﬁgtféu?afméf(ggixelewmb) 4¢ bdliig imbigating that the pix.el is an edge
I some embocimens, thelbACH: Ty EESERLA S REr BACR JF ol R BSSLOA L htBnaty o
one or more pkthgiwhiByalwesradporeingthtgal pageid iR vatusisakgut@rasnaleas the method
may clas1s(i)fy %)égé%g?ggﬁ %imsfﬁebirrir%ahgtg%césc%fgweigv gpégigulg\{/vgreg%ﬂ gd with respect to Figure
4, the set of target pixel areas may be organized as a grid of pixel areas that
logically overlays/subdivides the image section. Pixels are assigned to a
corresponding target pixel area of the set of target pixel areas based on the pixel’s
coordinates being within the area covered by the target pixel area. Thus, in this
15 embodiment, the set of target pixel areas only includes pixels that are determined
to correspond to edges, which in this example embodiment are pixels that are
classified as being white. Of course, the method could operate on the reverse
image, classifying the set of target pixels as being black, or some other color.
Figure 9A shows a method 900 of eliminating noise from two color
20 contour image data, according to one illustrated embodiment, which may be
employed in the method 700 (Fig. 7A). In particular, the method 900 may be
performed after the method 800 (Fig. 8) has subdivided the two color (e.g., black
and white) edge data into a set of target pixel areas associated with an image
section. In some embodiments, eliminating noise from the two color contour data
25 may remove at least some of the edge pixels (white pixels) from the two color
contour data that are not associated with a stack of objects captured in the image
section, so as to minimize the amount of edges associated with image data that is
not related to the stack of one or more objects, such as edges associated with the

demarcated area. In this illustrated embodiment, the noise elimination method 900
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(e.g., 0 to 65) as being black, and may classify pixels having HSB brightness values within a higher
range (e.g., 66-100) as being white. At 808, the method may assign each pixel that is classified at 806
as being white to a corresponding target pixel area of a set of target pixel areas 10 associated with
the image section. As previously described with respect to Figure 4, the set of target pixel areas may
be organized as a grid of pixel areas that logically overlays/subdivides the image section. Pixels are
assigned to a corresponding target pixel area of the set of target pixel areas based on the pixel's
coordinates being within the area covered by the target pixel area. Thus, in this 15 embodiment, the
set of target pinay acee oty inglndes ¢fixeigdhpixetecete whitheds dbafaeerp ikktarstgethavhich in this
classified as being white. Of course, the method could

example embpdiment are pixels that ar

operate on thg%‘eéﬁ%o%ﬁ%éjz\,’vsﬁ %&%?erl@ the set of target pixels as being black, or some other color.
Figure 9A shows a methodA@DLf glanitetting naigedranovéwenitel pixeld éantothieiageottata, according
to one illustrated embodiment, which may. be .employed in the method 700 (Fig. 7A). In particular, the
mothod 900 20 BT HEAGR AR e R0 E35 SIS S BARLEH R G B (o5, Black
and white} edgentiaiissigosatismt af ttaegsiohixel aneasaissbitiaiikitbsvrimagenssoigsuthsome
embodiments eliminatil%{noise from thﬁ wo cqlor. contour datSlZS. ma%/l rgﬁove at least some of the

t
edge pixels (WHIES DRRFLPHRAR BN CoI8PEEHRIR S S ATRIPe RAAETROHBE RIS Gtk of

objects capturnegk i thegeiageeisaelonh s ehasdiooniniayzed iereensinelsof edges associated with image
data that is not related to the?ségéc of onf-hor morefotr)qi@:cts, such as edges ?d?ociat d with the
demarcated area. In this iIIU%t dBS R%Hi%é” %J%mYﬁaWBHWé)fﬁ Gipt %W{gy reduce the

number of targelopisehtyeeirreigheset ivtiargeitpixplasens thadighadiesanpitisdavhieapineds. At 902,
e e I R e R oM P Sb oo ey Sy e gl pieet are
white pixels. As previously noted, in some embodiments each target pixel area
may have up to eight neighboring target pixel areas. In some such embodiments,
the threshold number of neighboring target pixel areas may be three. In other
embodiments, the neighboring target pixel areas may also include target pixel

15 areas that are within a close proximity to the target pixel area being evaluated, but
are not necessarily direct neighbors.

The threshold values used at 902 and 904 may vary from
embodiment to embodiment. In some embodiments, the threshold values may be
adjusted depending on the lighting conditions in the imaging environment.

20 Figure 9B shows a method 906 of eliminating noise from two color
contour image data, according to another alternative illustrated embodiment, which
may be employed in the method 700 (Fig. 7A). In particular, the method 906 may
be performed after the method 800 (Fig. 8) has subdivided the two color (e.g.,
black and white) edge data into a set of target pixel areas associated with an

25 image section.

At 908, the method may eliminate pixels that are outside of and
below the demarcated area (e.g., the demarcated area 108c of Figure 3B). In
reference to the present example, the method may eliminate extraneous pixels

from the set of two color contour image data that are outside the demarcated area.
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5 contains less than a threshold number of white pixels, essentially making such target pixel areas
empty. As one illustrative example, in an embodiment using a 10x10 target pixel area, the threshold
may be three pixels. At 904, the method may further remove white pixels from the two color contour
image data if the white pixels are assigned to target pixel areas that 10 do not have a threshold
number of neighboring target pixel areas that contain white pixels. As previously noted, in some
embodiments each target pixel area may have up to eight neighboring target pixel areas. In some
such embodiments, the threshold number of neighboring target pixel areas may be three. In other
embodiments, the neighboAn@ targek¢iixehay drsaiaynaleal ietideestacy tapi x| grio e disdhat are within

a close proximity to the target pixel area being evaluated, but. are not necessarily direct neighbors.

The threshold VAIL2RI SRl A 60 A 5. HERFVAr§ et ERBEARRTH £ arBBAMHERE In some

embodimentstHiesHuieshottbealoisixety be prijicsied dependintismibg beghitw ephdhismisibythe

imaging environment. 20 Figure 9B shows a method 906 of eliminating noise from two color contour
baAeea RS e e

image data, aQ@B?H?ﬂgat e ﬁgﬁgaﬁ\sléi ?8698%8{8& B ﬁ%?rb%)g Bfoyed in the
method 760 (fritagéAdata paditidarctietingthod 8Nty deeope insiedidfiardharmaibeihddbiFig. 8)

has subdivided the two color (e.qg.,  black and white) edge data into a set of target pixel areas
eeoeiaton wilCloBee b Sl a08! e A o e R R I U 288 of and
below the dergatgatad pisesis(engy therdesnalienieterr Geal BRs aitbigeite SBledndstifere nyetie the present

le, th thod liminate ext ixels f the. f1 I toyr i dat
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that at least ahprexiprie!ydorarisenshapsalmtaekiieatibagahopirgminimum threshold number of
pixels. In1 Barticular, one WaPﬂgtD'rZ T(?X gﬁo%&:scgm éiﬁ%%% i(§Ot())yof processing image data

corresponding to an image section to locate a stack of objects within the

demarcated area corresponding to the image, according to one illustrated

embodiment, which may be employed in performing processing 506 in the method

500 (Fig. 5).

15 At 1002, the method may search for a bottom of the stack of objects
located in the demarcated area, such as by analyzing two color contour data
associated with the image section to identify contour data that likely corresponds to
the bottom of the stack of objects. For example, in some embodiments, the
method may attempt to locate contour data that corresponds to a size and/or

20 shape of an object in a stack as it is likely to appear in the image section when
positioned within the demarcated area. If the bottom of the stack is not located,
then the method may determine that there is no stack of objects within the
demarcated area, at which point the method may end or return to process other
potential image sections corresponding to other demarcated areas and/or acquire

25 anew image of the demarcated area. As used herein and in the claims, a stack
may include one or more objects, and where multiple objects those objects are
carried or placed one on top the other, whether aligned or misaligned.

At 1004, if the bottom of the stack has been located within the

demarcated area at 1002, the method may search for a top of the stack of objects,
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passing a template shaped as a stack object over the set of two color contour 5 image data and then
counting a number of contour pixels within an area defined by the template for each location of the
template on the set of two color contour image data. All pixels may then be eliminated that are outside
the area defined by the template at each location if the number of contour pixels within the area
defined by the template contains the minimum threshold number of pixels. 10 Figure 10A shows a
method 1000 of processing image data corresponding to an image section to locate a stack of objects
within the demarcated area corresponding to the image, according to one illustrated embodiment,
which may beseniphzyby amplydiokting tiro coksing Hida inl tte tmélbatifp@Or(faigr Satd That NKKY, the

thod hf tfom of the stack of objects_located in the d ted area, such as b
analyzing o CUBPERB S A R BDL RS B S0 CLTBIBCURR) Fontour gt hat Thely

corresponds temihedirotnts, dhéhastieod pigtiesiss Bavpxdapiack Bparabrihgdieants ciier method
2 s kely (5BLAFTIAS (O G SELbn AN ENP RSO Bk A IRt AT SRR the bottom
of the stack isstlodateoménentibeimethodieay etetimiag searthete thetptatkhef stscts within the
Sections corr AR HTERO AR TG R Rt B Bl B E R B 67 e Alrrarcated
area. As usedFberstarapréjntibengeiot niagteskrdnayriadiacke slisserimancapdiestshandovitsioe multiple
100, if the BRAIT 6 PSR RED6 B R AR A GO B R P S A EE FRBD S method
may search fefetciopinédisoginakodtiabistatsk DfdBebvaa byreaabyizeraplyedvgecplosicaaiar data to
identify °1°6‘t°i‘é_gﬁt2t$22ﬁ Ii4k1e6yo fc[girégrsgﬁg?.s to the top of the stack of objects. For example, in some
At 1006, the method determines the number of objects in the object
stack based on the determined location of the top and bottom of the stack of
objects.
Figure 10B shows a method 1008 of determining a horizontal center
15 of an object stack, locating a bottom of the object stack, locating a top of the object
stack, and determining a number of objects in the object stack according to one
illustrated embodiment, which may be employed in performing image processing of
the method of Figure 5.
At 1010, the method may determine the horizontal center of the stack
20 based on the overall concentration of remaining contours/pixels in the image. In
reference to the present example, the method may determine a horizontal center
of the stack of objects based on an overall concentration of contour pixels in the
set of two color contour image data.
At 1012, the method may search for a bottom of the stack of objects
25 located in the demarcated area, such as by analyzing two color contour data
associated with the image section to identify contour data that likely corresponds to
the bottom of the stack of objects. For example, in some embodiments, the
method may attempt to locate contour data that corresponds to a size and/or

shape of an object in a stack as it is likely to appear in the image section when
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embodiments, the method may locate a top of a stack by analyzing the two color contour data to find
a contour corresponding to a face ellipse of an object in the 5 stack. In some embodiments, the
method may search for the top of the stack based on knowledge of the location of the bottom of the
stack determined at 1002. For example, the method may search for a face ellipse in an area of the
two color contour data that is likely to correspond to an object being positioned above the determined
bottom of the stack and below a streak of empty target pixel areas 10 (e.g., streak 410 of Figure 4A).
At 1006, the method determines the number of objects in the object stack based on the determined
location of theptsitianddaiithin tifd e staciatdd chiextdf Hgurettb @ Bisihevesaakris thod d&208d)f

determining a horizontal center 15 of an object stack, locating a bottom of the. object stack, locating a
top of e oy 08 SAER S PR RIAE ok L B BT SRR S bR S R i o one
illustrated embediareatewhiela aawhizlepgiloyieed m@eddrmaygenbgerptocetsmocdsthetimeethod of
Figure 5. At 1010,Rt£hq method mgx determine thcf horizontal center of tk&g stack 2Q based on the

overall conce ARSI PAARAARYO5 BT RTBREY A tha L GEMA" FRIAAER MY Y¥r8SEHI Bxample,

the methasl mayéetanagecot thertremiaicessdiedred . thesalisel dbakijeaisdiaste omiamspuesitk

tration of contour pixels in the_set of two color contour image data, At 1012, the method
conren for o HORSNELR SR CPOSESES AT HERCIRAED HEse QAR By analyzing

two color contsuiriddter pegreiaird vithohthsrstbersettnndodignsty sraniealigiaia. that likely
corresponds to the bottom of thi Stﬁﬁ ogob'ects For exaFZ]EIe, in some emcgodimerl'gé, the method
t IhiecBg g

may attempt to locate contéﬁﬂg K OQ'TJQ?OSE?Q, %‘B‘?&P Wgﬁirdﬁj ctin a stack as
it is likely to agpeairtatbe dnrgst Sectmnhshasthddasificredonitbinatigodsimiarcated afewjdttbe bottom

of the St%%k issﬂg lggat;[?%nalyzing the two color contour data to identify contour data that likely
corresponds to the top of the stack of objects. For example, in some
embodiments, the method may locate a top of a stack by analyzing the two color
contour data to find a contour corresponding to a face ellipse of an object in the
stack. In some embodiments, the method may search for the top of the stack

15 based on knowledge of the location of the bottom of the stack determined at 1002
and/or the horizontal center of the stack at 1010. For example, the method may
search for a face ellipse in an area of the two color contour data that is likely to
correspond to an object being positioned above the determined bottom of the stack
and below a streak of empty target pixel areas (e.g., streak 410 of Figure 4A).

20 At 1016, the method may adjust the expected height of stack objects
based on location of the bottom of stack. In particular, the method may determine
this based on a mean/average height of an individual object of the stack
rationalized for a distance between an image acquisition device used to acquire
the pixelated color image and an expected location of the stack. The distance

25 between an image acquisition device used to acquire the pixelated color image
and an expected location of the stack may be adjusted based on the location of the
bottom of the stack at the determined horizontal center of the stack relative to the
expected location of the stack of objects (e.g., an expected location of the stack of

objects in the demarcated area.
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then the method may determine that there is no stack of objects within the demarcated area, at which
point the method may end or return to process other potential image sections corresponding to other
demarcated areas and/or acquire 5 a new image of the demarcated area. As used herein and in the
claims, a stack may include one or more objects, and where multiple objects those objects are
carried or placed one on top the other, whether aligned or misaligned. At 1014, if the bottom of the
stack has been located within the demarcated area at 1012, the method may search for a top of the
stack of objects, 10 such as by analyzing the two color contour data to identify contour data that likely
corresponds to the top of tbpa $tmk dﬁe)bjed'asdﬁnagexmmmirie teme edodiniejetststiretheethod may

locate a top of a stack b WO coJor ur dat to find a ur cqrres toa
face clipss o BIECORATh PREPGAIL CEHE RTINS, T IBAGE ATy Doel RGNS B of the
stack 15 basaﬁbmmeﬂg%djfuﬁtedmmeﬁ nghotbomam‘ldbejetask determlned at 1002 and/or the
horizontal center of the stack at 1qt 0. For exa é:t)h%ft E h for a facagllhpse in an
area of the two color conto %?a %W‘?(&)mt 15 %8 p%%? &4 above the
determinesl battask wittie stack aavatde|am R Riteading eorgpiy i&t@@famleéml@@@r&egt @ik 410 of
Figure 4A). 20 At 1016, the metho tt e s ack o ects ased on location
of he bottom BPEBE TR AR L et e MR St b bR e hergin
of an individugh®biethed thﬁost@ebcé@t;esdlgéﬂdmmw@%k@wae@mmmn@mumag@ device

dt th lated d ted | fth tkThdt 25
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location of theaﬁéaelgm&m@t@@@uuﬁh@dqbamqu@eabomdmn@fewey bﬁammgé thienshadlsat the
determined horizontal cenégr of the stack relative to the expected location of the stack of objects (e.g.,

an expeétgd I 8] 81091 éﬁag f objects in the demarcated area. 52
At 1102, the method may apply a sample bounding box to each of

multiple groups of target pixel areas of the set of target pixel areas that are located
below the top of the demarcated area. The method may use the sample bounding
box to identify candidate groups of target pixel areas below the top of the

15 demarcated area that potentially correspond to the bottom of a stack of objects. In
a typical embodiment, the top of the demarcated area corresponds to the topmost
portion of the demarcated area as it appears in the image section (e.g., the
smallest Y pixel coordinate of the demarcated area in the image). Furthermore,
the sample bounding box may be defined to have a height that corresponds to the

20 height of the demarcated area as it appears in the image and a width that
corresponds to a known width of a face of an object as it appears when positioned
within the demarcated area (e.g., box 419 of Fig. 4B). In particular, at 1102, the
method may iteratively apply the sample bounding box to groups of target pixel
areas by traversing the set of target pixel areas below the demarcated area from

25 left to right, so as to define candidate groups of target pixel areas within the entire
demarcated area below the top of the demarcated area.

At 1104, the method may determine which of the candidate groups of

target pixel areas defined by the sample bounding box has the largest number of

target pixel areas that include white pixels (e.g., edge data).
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At 1018, the method may determine the number of objects in the object stack based on the
determined location of the top and bottom of the stack of objects and the adjusted expected height of
stack objects. Figure 11 shows a method 1100 of locating a bottom of an object 5 stack within a
demarcated area according to one illustrated embodiment, which may be employed in the method
1000 (Fig. 10A). In particular, in this embodiment, the method 1100 processes a set of target pixel
areas associated with an image section to locate a bottom of a stack of objects, such as the set of
target pixel areas generated by method 800 (Fig. 8) and filtered by the noise elimination 10 method
900 (Fig. 9A). At 1102, the Adthos] mempbthmayrtﬂrbﬁrtmthwbtgtbmmoaemahmb beuitiple groups of

target pixel areas of the of er hat are located elo the to marcated
ron The meSARRIRP R e LR SRR o AR ey AR A BB B3t pivel areas
below the toplafgbst mmemcm@bamzdtmeaetwnhaw\mnmw théhe\/mattcrmmbarsiack of
objects. In a% ical emb dlm nt, th O.f edemarc ted areac rregﬁ&q st portion
of the demarc 36}%59 EB&%% in %té%r% a(% g'S fhé W lSlgl ate of the
demarcatéd aeaaomttmsmg@s) g?uﬁh@trmgat pheesareple thatipdisgtidly melydesagsimnedrtdaiave a
height that corresponds to the .20 ht of the de ted area as it a s in the im and a
wich that corFECRARIE An O CH Y £ B b LA MBI PLE P AbBUBIR AP AR withi
the demarcategear¢adeyy., box 419 of Fig. 4B). In partlcular at 1102 the method may iteratively apply
the sample bounding box t pjxel areas tra et of tar et pixel areas
below the demarcated are%fg 6%%5?@ Mn&a}y(%etgr 8LR§§ 8 arget pixel areas
within the entigaadeimarsatttagrea Hsbaadiegtaeol &tﬁ)dﬁmecate@ latrraasﬂblééwmm angghod may

determine which of the candidate gro of tar el areas defined by the sample bounding bo
s the e dt TS O3 C,BU P LIS (8 RS VR bR (g S eet g crea

within the bottom quadrant.

At 1110, the method may determine whether the determined width
fits dimensions of a known face ellipse of the face of an object as it appears when
positioned within the demarcated area (e.g., such as a calibrated face ellipse). For

15 example, the method may compare the width determined at 1108 to a known width
of the face ellipse (and/or the width of the sample bounding box). If the result of
the comparison is equal and/or within some tolerance (e.g., within 1 or 2 target
pixel areas), then the width determined at 1108 is determined to fit the face ellipse.
In some embodiments, the tolerance may be configured based on lighting

20 conditions in the environment, such as during a calibration process.

If at 1110 the determined width does not fit the face ellipse, the
method may determine at 1112 that no stack of objects is present within the
demarcated area.

If instead at 1110 it is determined that the width does fit the face

25 ellipse, the method may determine at 1114 the bottom of the bottom quadrant,
which is determined to be the bottom of the stack of objects.

At 1116 the method 1100 may end or terminate.

In some cases, such as if the bottom of the stack is not located, the

method may exit and or return to method 500 (Fig. 5) to acquire or capture another
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53 At 1106, the method may define the bottom quadrant to be the sample bounding box that includes
the group of target pixel areas that has the largest number of target pixel areas with white pixels (or
the lowest number of empty target pixel areas). The "bottom quadrant” is a sample bounding box that
5 encompasses the group of target pixel areas that potentially includes contour data corresponding to
the bottom of a stack of objects present within the demarcated area (if any). At 1108, the method may
determine the width of the bottom quadrant, such as by subtracting the X coordinate of rightmost
target pixel area 10 within the bottom quadrant from the X coordinate of the leftmost target pixel area
within the botioragguafittaeideshd ke dhar éacdhdibmary cessranioin svhiethge Sextietermined width fits

dimensions of a known face e e face n object as,it a .whe oned within the

omareaton 2780 SN 8 SR AT e SERd) ot el B R SO S Hompare

the width detexrporraredflih@Sstack ks twgateddtheahitadace etblmay(amnlm tbtu i dthodfidhwisample
equal and/or Wlthln some tolerance (e.qg., within 1 or 2

bounding box). If th h i
Rt A i A e el e o Y o i
embodim@tstdb@tmﬂwamﬂ(nwfbﬂmooftglmeémwnndtgbtlng 20 conditions in the environment,

such as during a calibration process. If at 1110 the determined width does not fit the face ellipse, the
method may determine at ﬂ‘ﬁfﬁﬂ%@%@@@ B dB&t geﬁﬁ@gﬁmﬁmsfh Cated area. If

instead at 11]dbi1rialdgtbmmmbthaﬂiéermdﬁudqemfmﬁ}ebf@@e defeedingtnigesioatiodonay determine
at 1114 the bottom fthe bottom wdrant which is determ ned to be thebbott(an of the staE:k of
objects. At 1196RR %é%%%eﬂrﬁé Hhathe cRmRaROWILNN 88 Ba¥h AMPRRODSHBRAT of the

stack is not logatesbgbied to the size of a calibrated object face, such as sample bounding box

10 418 (Fig. 4B), and in such cases may be iteratively applied to target pixel areas
below the target quadrant to locate a group of target quadrants corresponding to a
bottom of the stack (e.g., to define the bottom quadrant). In addition, in some
embodiments, the width of the bottom quadrant may be determined at 1108 by
considering target pixel areas that are located outside of the bottom quadrant,

15 such as target pixel areas that are within a defined proximity of the bottom
quadrant.

Figure 12 shows a method 1200 of determining a bottom of a bottom
quadrant or area, according to one embodiment, which may be employed in the
method 1100 (Fig. 11).

20 At 1202, the method may traverse downwardly (in the positive Y
direction), starting halfway down from the top of the demarcated area (halfway
between the top and bottom of the demarcated area as it appears in the image
section), until a last target pixel area that is confined within the left and right
coordinates of the of the bottom quadrant or area is found. The last target pixel

25 area refers to one or more target pixel areas of the set of target pixel areas that
include white pixels and are closest to the bottom of the demarcated area (e.g.,
have the highest Y coordinate position) within the left and right boundaries of the
bottom quadrant. The bottom of the bottom quadrant may then be set to be a

value corresponding to the last target pixel area, e.g., a Y coordinate of the last
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method may exit and or return to method 500 (Fig. 5) to acquire or capture another 54 image of the
demarcated area and/or process another image section corresponding to another demarcated area.
In other embodiments, such as when a bottom of the stack is located, the method 1100 may simply
return or otherwise end such that further processing of the image section may occur (e.g., to locating
a 5 top of the stack, perform color classification, etc.). It will be appreciated that in other embodiments,
the sample bounding box used in the method 1100 may be of different dimensions. For example, in
one embodiment, the sample bounding box may have dimensions that correspond to the size of a
calibrated objenttetqsixsliateas sy Yocoelitio dtexol 0 8r(FigretihinohielsurEs ceistsdmagh be
iteratively applﬁe to.target pixel areas below the target quadrant to locate a group of target quadrants
correspondiné %dlgsbgq%% ?ﬂeag?gck (e.g., to define the bottom quadrant). In addition, in some
embodiments, the width of lingdrai@migodiciantsnine bectleter mimedatitbeSdayrilgetsitirong target

ixel that I d ide of th drant, 15 hast t pixel that
ithin & dofin 8 BB AR B BB O AN CF DR R PLHORE & R0 T30 6Faitermining o

bottom of & b gmbdsanetatsiibe, raetosdingaiostae anibetbpenthehichomayeeiempimadrin the
method 1100 (Fig. 11). 20 At 1202, the methqd may traverse downwardly (in.the positive Y direction),
Ctarting it Ay T SN RG e 16 St B TR B eE B RS Rom of
the demarcatdpsiticrsdt apitatisabtiwimens ssgeckionbijetisontiast spgeiriixelaigageat is confined

ithin the left and right_coordinates of the of the bot drant is found. The last target pixel
25 area refer B L AU A e o G B P aca R FBERR e

pixels and aresiploseshiethenbpdan é thevieoraisaiathgees quirbdse dagtiglaest igobedinate
pOSition)1V6ithicr:]etrl?aeirl1€t ta%nad fp nh[teba)gueng%.i,e gd%g ig:?osest to the image acquisition device) of a
bottommost object in a stack contained within a demarcated area on the surface
will appear at least halfway between the top and the bottom of the demarcated
area. Such assumption may advantageously speed up processing. Furthermore,
in other embodiments, the bottom of the stack may instead be found by locating an
15 elliptical contour at a maximum Y position within the demarcated area that
matches the elliptical pattern of at least a bottom portion of a calibrated elliptical
object face.
Figure 13 shows a method 1300 of locating a top of an object stack
according to one illustrated embodiment, which may be employed in the method
20 1000 (Fig. 10A). In particular, in this embodiment, the method 1300 may process
a set of target pixel areas associated with the image section to locate a top of a
stack of objects, such as after the method 1100 (Fig. 11) has been performed to
locate the bottom quadrant.
At 1302, the method may position the sample bounding box at the
25 bottom of the bottom quadrant of the set of target pixel areas, the sample bounding
box having a width and height corresponding to the width and height of a known
face ellipse of an object face (e.g., box 418 of Fig. 4B). For example, the method
may set the sample bounding box such that the bottom of the sample bounding

box aligns with the bottom of the bottom quadrant and the left and right of the
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bottom quadrant. The bottom of the bottom quadrant may then be set to be a value corresponding to
the last target pixel area, e.g., a Y coordinate of the last 55 target pixel area, and/or a Y coordinate of
one or more white pixels associated with the last target pixel area. In some embodiments, the method
may not necessarily start from halfway between the top and bottom of the demarcated area. For
example, in 5 some embodiments, the method may start at the top of the bottom quadrant and/or from
some other position within the demarcated area corresponding to a minimum Y position at which the
bottom of a stack of objects may appear in the image section and still be considered to be within the
demarcated agemffeibbisgiogside aimceshosetloly thithaihgldeétt amdiciytivefinhadeoiscacquired or
captured, it may b 1(;certain that a front edge (i.e., edge closest to the image acquisition device) of a
bottommost o%%f@éf stack contained within a demarcated area on the surface will appear at least

halfway between the top arki #8Dbothenmettibe cemaleriedinaréahStsh @esoiatiget iyl
advantageou Spee%ﬂﬁ) roceSS| Furthermore, in other e bodléntnents the bo tom of the stack

may instead K€ 188r1Y afRg'e P?‘éﬂﬂiﬂ%%ﬁ%ﬁ?‘&?frﬁ CRBsITEH R the

demarcatéd aae@aﬁ)au@haéeheadmalItpaqak@atﬁmmKﬁr@b@astrmbommnp@r@@mtﬁ dalipttased elliptical
object face. Figure

( (A? me ho 1300 of Iocarltln a tap oé an ééjeCTg\@ % rdln fo one
illustrated em Fncfh ﬂpaﬁ i[5 p‘?&@@ﬁ ﬁfi‘tgl% MEH&EE2D 1660 % 6& F(:ular, in
this _embodimentirmmm&mmﬂdm&)sraayimrmsuafﬁr@‘opéﬁ@@eta@igﬂi anemsémmed with the image
performed to J5CREANG BRAUTH AR AEHSDEC I AGEURAFAY Ao SHC AR Bikcing bosx
at the 25 bottemdré e ssriting auamantuaisbe sahefdblgss pixelartass tiesappiechrwnding box
NG A A e gt pXaT aPns Iy be eaiad Sbova Hoa torarcated area.
At 1306, if a top streak of empty target pixel areas was not found at
1304, the method may iterate the sample bounding box up the set of target pixel
areas (in the negative Y direction) until a top streak of empty target pixel areas is
located within the sample bounding box or, in some cases, the top of the image
15 section is reached. For example, in some embodiments the sample bounding box
may be iterated up by a single row of target pixel areas.
At 1308, after the streak of empty target pixel areas is found, the
method may set a top quadrant to be the sample bounding box that includes the
determined top row of empty target pixel areas. The top quadrant is a sample
20 bounding box that encompasses a group of target pixel areas that potentially
corresponds to the top object in a stack, and will eventually define the location of
target pixel areas that are determined to correspond to a face of the top object in
the stack.
At 1312, the method may iterate the sample bounding box downward
25 (in the positive Y direction), such as by a single row of target pixel areas.
At 1314, the method may determine a list of coordinates of target
pixel areas that intersect a top arc and a bottom arc of an imaginary ellipse defined
by the sample bounding box. In some embodiments, the imaginary ellipse defined

by the sample bounding box has a height and width that corresponds to the height
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face ellipse of an object face (e.g., box 418 of Fig. 4B). For example, the method may set the sample
bounding box such that the bottom of the sample bounding box aligns with the bottom of the bottom
guadrant and the left and right of the 56 sample bounding box align respectively with the left and right
of the bottom quadrant. At 1304, the method may determine if the top row of target pixel areas within
the sample bounding box contains a streak of empty target pixel 5 areas, such as where all the target
pixel areas in the top row are empty. In other embodiments, a top streak of empty target pixel areas
may include less than the entire top row, such as a minimum defined streak length. It is noted that
depending onanbeviithetthelsafmidgeibts isdjprashion el gyt e slemgrecatedpoed tarati@lifeending

th b f.th bjects in the. ,thet t k of 10 ty t t pixel | ted
ove the o havidra el Avd SRt £ e B se ol A TR e A e b
1304, th @k di 133 ihdi ibb i ixee setofdhtigetpixef Neth
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that ar eter HBEI B3 B GEBAARS LR B 5 RO CRRLEATh S B GO CADAH SRS Wbthon may

iterate the sarmpiedpeiséisigabpexof eveaasco2Subn digepasitive Y direction), such as by a single row of

target pi)%%l areas. At 1316, the method may determines the number of the target pixel
areas indicated by the list of coordinates that have white pixels, and thus the
number of target pixel area within the sample bounding box that contain edge data
that overlaps with the top and bottom arc of the imaginary ellipse.

At 1318, the method may determine a sample bounding box that has

15 the largest number of overlaps. For example, the method may iteratively move the
sample bounding box from the sample bounding box set at 1312 downward (in a
positive Y direction) until the bottom of the sample bounding box is positioned at
the bottom of the bottom quadrant, determine the number of target areas that
intersect the imaginary ellipse at each iteration of the sample bounding box, and

20 identify the sample bounding box that has the largest determined number of
overlaps. The sample bounding box that includes the most overlaps is assumed to
be the top of the object stack.

At 1320, the method may set the top quadrant to be the determined
sampled bounding box that has the largest number of overlaps.

25 In some embodiments, if the method 1300 is unable to find a sample
bounding box that includes at least a minimum number of overlaps (e.g., 90%),
then the method may indicate that no stack has been found. Furthermore, in some
embodiments, the sample bounding box may also be iterated from left to right,

such as within some limited proximity of the left and right of the bottom quadrant,

58



At 1314, the method may determine a list of coordinates of target pixel areas that intersect a top arc
and a bottom arc of an imaginary ellipse defined by the sample bounding box. In some embodiments,
the imaginary ellipse defined by the sample bounding box has a height and width that corresponds to
the height 57 and width of the sample bounding box (e.g., and thus may correspond to an ellipse
having a height and width of a face ellipse of a calibrated object face). The list of coordinates may
indicate which of the target pixel areas of the set of target pixel areas that fall within the sample
bounding box intersect the top and bottom arcs of 5 the imaginary ellipse. It will be appreciated that in
other emboditoebtstthe glyeptst taayeh g uddrtiets shapesrasspondaietfacerwidlisbapds other than

Ili .g., | I I . d in.such embqdi h I
bouncing boxTHEY TR LS T CETRBUR G0 A 5 ShB RS AR 210 Bt B ARARE Shape o
the face of suelipdgantsy be Axdatidedr:mdietanhinrycdederpartesf tbeating begrotipheftangett pixel areas

indicated by the list of coordinates that have white pixels, and thus the number of target pixel area
within the san%’l%aé %ﬁg%?%ﬁ{ %8988&593*@5&&@51@%&?& overlaps with the top and bottom arc of

the imagirgary ellipse. At 13igutel meHvgsmayelatel e asdemimipingdingrabertbabbpetd S the
fom the samgeAGUIE G G50 AL ERL32S B A UECITL S CIRIRSH B SEI0E) LIARa L botiom of the
sample boungiagibokisipasis@mdoainiattitomedhdueiaotantg wadpanioteter aftee inettadsber of
dontiy the selPIL b g B0 a8 nie tHE el 400, Tt R R B BT BPEIR i ample.
bounding boxtﬁwbmmudqaahﬁamqﬁd)mlmsqgmed to be the top of t_he object stack. At 1320,
the methpgl may Set the o, gy g O R AR et TS SR RIS UMAiag oo g i the fargest
from the top of the bottom quadrant. In some embodiments, the bottom of the top
quadrant may be a value that corresponds to a Y position of one or more target
pixel areas that are located at the bottom of the top quadrant, and/or to a position
of one or more white pixels associated with one or more target pixel areas located
15 at the bottom of the top quadrant. The bottom of the bottom quadrant may be a
value that corresponds to a Y position as discussed with respect to the method
1200 (Fig. 12). In particular, the bottom of the top quadrant corresponds to a
location of the bottom of a face ellipse of an object positioned at the top of the
stack, and the bottom of the bottom quadrant corresponds to a location of the
20 bottom edge (e.g., bottom edge ellipse) of an object positioned at the bottom of the
stack within the demarcated area.
At 1404, the method divides the subtracted value by a height of an
individual object as the object may appear in the image section (e.g., the
mean/average height of the object accounting for distance and orientation with
25 respect to the image acquisition device). The result of the division is determined to
be the number of objects in the stack.
Figure 15 shows a method 1500 of determining a cumulative value
for objects in an acquired image according to one illustrated embodiment, which
may be employed in performing the method 500 (Fig. 5).

59



25 In some embodiments, if the method 1300 is unable to find a sample bounding box that includes at
least a minimum number of overlaps (e.g., 90%), then the method may indicate that no stack has
been found. Furthermore, in some embodiments, the sample bounding box may also be iterated from
left to right, such as within some limited proximity of the left and right of the bottom quadrant, 58 to
locate a group of target quadrants that corresponds to the face ellipse. In addition, in some
embodiments, the sample bounding box and/or the imaginary ellipse may be expanded and/or
contracted as part of locating a group of target quadrants that corresponds to the face ellipse. 5
Figure 14 shows a method A#4080af tletensihotrmayuebenthelkjed®riolassbieidstacicashioh may be
employed in t&e articular, in this em nt, the meth 0 may be
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(e.q., the
otherwise trained and stored in memory (e.g., such as in a table or other data
structure), such that the method may retrieve a value associated with a particular
color classification.
At 1506, the method sums all of the determined values for each
15 object to determine the total/cumulative value of the objects in the stack.
At 1508, the method returns the sum.
Figure 16A shows a method 1600 of color classifying objects and
determining a value for objects based on color classifications, according to one
illustrated embodiment, which may be employed in performing the method 1500
20 (Fig. 15).
At 1602, the method may set an iterator | to 1.
At 1604, the method may set a maximum value J to be the number of
objects in the stack, such as the number of objects determined in method 1400
(Fig. 14).
25 At 1606, the method may acquire or capture a set of color pixels from
the acquired pixelated color image as a color pixel streak that corresponds to an
object I. The color pixel streak is a group of color pixels that corresponds to at

least a portion of a perimeter area of the object | as imaged in the color image.
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mean/average height of the object accounting for distance and orientation with 25 respect to the image
acquisition device). The result of the division is determined to be the number of objects in the stack.
Figure 15 shows a method 1500 of determining a cumulative value for objects in an acquired image
according to one illustrated embodiment, which may be employed in performing the method 500 (Fig.
5). 59 At 1502, the method may determine a color classification for each of the objects in the stack. In
particular, the method may identify color pixels from the acquired or captured pixelated color image
that correspond to each of the objects in the stack, and classify the color of each of the objects based
on the identified 5 pixels. Thieeptxets pizg! berédenttigdbbassivaciod etgutureed dnidwledgetdf the

location of the top and bottom of the gbject stack, such as locations ermjned in. the method 1000
. At R e 5 R R A ot o T Ack sk er S
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performing the method 1500, 20 (Fig, 15). At 1602, the method may set an iterator |to 1. At 1604, the
ethod may QTTBPAMAVERLS S BE BRIGIGRr BPT SxamPIE, ih some erbodimerits, the

method may determine how the face ellipse appears in the image (e.g., such as

10 based on a three-dimensional perspective of the object face), and then may
determine the shape of the top and bottom arcs of the object with respect to the
face ellipse and where the top and bottom perimeter arcs for the object appears in
the image relative to the face ellipse (e.g., such as based on the known and/or
determined image height of an object with respect to the determined location of the

15 top of the stack). The location of the top and bottom arc for each Ith image may be
determined based an iterated offset (in the positive Y direction) from the location of
the top face ellipse.

After the top and bottom arcs corresponding to the perimeter of the
Ith object have been determined, the method may select a portion of the color

20 pixels from the pixelated color image located within the area between the top and
bottom arcs. In some embodiments, the method may select a portion of the color
pixels that corresponds to approximately 30-40% of the width of the object and
approximately 90% of the calibrated height of an object, although in other
embodiments, the method may select more or less.

25 At 1608, the method converts the pixels in the color pixel streak into
their corresponding HSB values (e.g., using a known technique to convert RGB
components of a pixel into HSB values).

At 1610, the method may classify the pixels in the streak into

fundamental colors based on the HSB values of the pixels. For example, in some
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objects in the stack, such as the number of objects determined in method 1400 (Fig. 14). 25 At 1606,
the method may acquire or capture a set of color pixels from the acquired pixelated color image as a
color pixel streak that corresponds to an object I. The color pixel streak is a group of color pixels that
corresponds to at least a portion of a perimeter area of the object | as imaged in the color image. 60
The color pixel streak may be acquired or captured for the object | based on knowledge of the top of
the stack and bottom of the stack. For example, in some embodiments, the method may assume that
each of the objects in a stack of objects has elliptical perimeter arcs associated with a top and bottom
of the 5 objecéawisilitegresiragiesdefiribdppappinin mémwgebmwecsmitaHSBmpmmtcﬁn elliptical

arc of the face ell%se Thus, aft r the to hﬁ% adra ﬂ{]l 2ted he me é derive and/or
otherwise appToNREL Hid e 8%68 & 8[)% BMe GPel BEIER Eev?éfﬁ {f? eters. For
example, in smawmbommemythmlmiettaoabmwmecmm@ohew thelfage iatipsingppedalsue, the
image (e.g., such as 0 ba d on a three-dimen |on Iperspectlve of the object aCE)f and then may

determine theget.ﬁ%'ﬂ’e 8}9'%@(51{? ‘ﬁ'orﬁlpgré@ é’&’é‘ct%ﬁéﬁ EX2h ¥ EFllpse and
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ioPE i

the determlnerﬂlolto' K elgotgﬁt%'ﬁﬁ@ Wy Qﬁerﬁ%% ﬁéyt8 l%ﬁd HrtBr each Ith
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At 1611, the method may determine whether the pixels in the pixel

streak have the same color. If so, the method may determine at 1616 that the

fundamental color associated with the Ith object is found. If not, the method may

continue to 1612.

15 At 1612, the method may determine whether the colors in the pixel
streak intersect a color in a color-drift table. The color drift table may include
mappings between the fundamental colors and a set of (or subset of) the possible
colors that the fundamental color may drift to under various lighting conditions. If
the colors included in the pixel streak is located in the color drift table (e.g.,

20 intersect the colors in the table), then the table may identify a corresponding
fundamental color based on the drift. The mappings may be predefined mappings
and/or otherwise trained/calibrated.

If, at 1612, the colors in the pixel streak intersect the color drift table,
then the method may determine at 1616 that the fundamental color associated with

25 the Ith object is found. If instead at 1612, it is determined that two or more
fundamental colors are possibly present in the pixel streak, the routine may
continue 1614.

At 1614, the method may determine whether the colors in the pixel

streak intersect a primary fundamental color and a top one or more secondary
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approximately 90% of the calibrated height of an object, although in other embodiments, the method
may select more or less. 25 At 1608, the method converts the pixels in the color pixel streak into their
corresponding HSB values (e.g., using a known technique to convert RGB components of a pixel into
HSB values). At 1610, the method may classify the pixels in the streak into fundamental colors based
on the HSB values of the pixels. For example, in some 61 embodiments, a predefined mapping table
may be used to map HSB values to corresponding fundamental colors. Fundamental colors, also
referred to as "culture colors,” may include a set of color categories, such as including red, blue,
green, white, hladenmnidkcpiots, yRBavgebrogreirgemy M@yﬂirﬂpth&telrrﬂmiﬁnwyiwadd&&)values in

the streak ma The term fundamental color t |ntend e coex en5| with the

concept of pri E%@o"f‘p bm%ttﬁén? f%é%?%f%%i% g?éng &‘?y trécgé' cross a

variety of humateedédnesiefeenoetibeclecuphoigsimany colusee cﬁﬁoescdmstyna embedlments, the

fundamental colgrs included. in the set (rﬁn Hy be limited to inclu e Q e co %ra 10 actually
YA

occur in the OB]B ﬂ?eoéﬁ‘&é ﬂ@ﬁ%ﬁla‘?‘g SAEVESS f determine

whether tife phegistie thgh@steiaﬂtm@{ bairespersimaeptmy ifftbe, éheanedmtmample@:rﬁmaar;at 1616
that the fund%'i mental ?ﬁira sociate lf}wnh the | h ob ectl gind If not, the method 3 continue to
1612. 15 At 1 M MRLHBEP R &) TEIE A ?§ﬁ88 TR MRNIAEPI R NGSEERE a color in

a color-drift ta{gﬂﬁeﬁﬂh@mm@rp}ﬂﬁaqbfamammudmmappmgs between the fundamental colors and a
set of (or subset of) the p %335(] ZFoIors that OQ e fund mental P%Ior may dr ftt under various lighting

conditions. If the colors in %%'B qt%a{g}?l herBrY lIQBIé"Eg ar e ftersect
the colors in th@gghhbéhead@ﬁ@ﬁﬁm@m@tﬁh@mrp@éﬁmuwmémmemm ¢aly hssed on the

drift. The mapg%sprpa%/e %%’eetg?rfrllrl]r?edzgns?ﬁgl gesultlng fundamental color that the pixel streak
corresponds to based on the determined primary and top one or more secondary
fundamental colors. The lookup table may, for example, include mappings
between combinations of primary and top secondary colors and corresponding
resulting fundamental colors. In some embodiments, the lookup table may include

15 ratios of primary and top secondary fundamental colors and a correspondence

between such ratios and a resultant fundamental color. The lookup table may be
pre-populated with such mappings and/or may be populated with such mappings
based on run-time heuristics.

If, at 1614, the colors intersect a primary fundamental color and a top

20 three secondary fundamental colors, then, at 1616, the fundamental color
associated with the Ith object is found.

Otherwise, at 1618, the method may determine the fundamental
color that corresponds to the highest number of pixels in the pixel streak as being
the fundamental color for the object.

25 At 1620, the method may determine a value of the object based on a
trained or otherwise configured relationship between values and fundamental
colors. For example, in some embodiments, the relationship may be maintained in

a memory (e.g., such as in a table, map, or other data structure), such that a value
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and/or otherwise trained/calibrated. If, at 1612, the colors in the pixel streak intersect the color drift
table, then the method may determine at 1616 that the fundamental color associated with 25 the Ith
object is found. If instead at 1612, it is determined that two or more fundamental colors are possibly
present in the pixel streak, the routine may continue 1614. At 1614, the method may determine
whether the colors in the pixel streak intersect a primary fundamental color and a top one or more
secondary 62 fundamental colors. As used herein and in the claim, the term primary is used to refer
to a first, most likely or dominate one of the fundamental colors, and is not intended to refer to the
concept of prioiahe aiijerst. fRay & fisdtmasecconbibed tetetsnitheopiunduyn &mdbcotntédciblor may be
the fundamental color that 5 has the highest ration of corresponding pixels in the streak, and the top
secondary fuRd&Hental colors are the top most represented fundamental colors in the streak other
than the primary fundamentaliggar.th¢ htdihothdetethodsnabalpterheiiiodjettiamanastop one or

more (e.g., three) seconda ndamental colqrs present in the streak, then may, a 10 Jookup
table to corer MVRPL SR REL Rl g EREr e Lo DN B S P Bsed on
the deterrgineggtiowrianciomaod 6061torproeees dasynéxndbjaent#l so|die. mbthtabkgy table may, for
example, include mappin tween combinations of primary, and t econdary colors and
Corrosponding TRBRY AR SHLT S TG SoT DA G oS TG TRAVAS inciude 15
ratios of primatg@nd top secondary fundamental colors and a correspondence between such ratios

and a resultant fundamental. color. The Jookup table ma re-populated with such mappings and/or
may be populated with suc '%Bdiggsg ad &eFEéai#é%é% QlP OIS W@Qéﬁaﬁgt&%rs intersect a

primary fundagegsyialtelenane ateprdfghoesensciosttatydemlssaintaicMersdihg redlhdSihinihe
fundame1n(t)al %?’:{%rcular objects obscured by shadow, which may be employed in performing the
color classification of the method of Figure 15. Figure 16B is similar to that of
Figure 16A. However, Figure 16B includes the additional blocks 1621a and
1621b.
At 1621a the method may determine whether an object previously

15 classified as black surpasses threshold. In particular, the method may determine
whether pixels of an object previously classified as black surpass a threshold
regarding particular (HSB) values of the pixels, which may indicate the object is
obscured by a shadow in the pixelated color image. The particular threshold may
vary depending on the desired sensitivity to detect a shadow in the image.

20 At 1621b, the method may reclassify the object and re-determine the
value of the object. In particular, the method may reclassify the object into a
different color class if the threshold is surpassed and re-determine a value of the
object based on the reclassification.

It will be appreciated that in some embodiments, the objects in the

25 stack may be multi-colored, such that the perimeters of the objects include multiple
colors. As such, the pixel streak may include pixels corresponding to the multiple
colors present on the perimeters. In some such embodiments, the method 1600
may identify multiple colors for the object and determine a value for the object
based on the identified multiple colors.

64



associated with the Ith object is found. Otherwise, at 1618, the method may determine the
fundamental color that corresponds to the highest number of pixels in the pixel streak as being the
fundamental color for the object. 25 At 1620, the method may determine a value of the object based
on a trained or otherwise configured relationship between values and fundamental colors. For
example, in some embodiments, the relationship may be maintained in a memory (e.g., such asin a
table, map, or other data structure), such that a value 63 of the object may be identified based on the
determined fundamental color for the object. At 1622, the method determines whether the Ith object is
the last object (e.g., Wheth'élné 'abweaﬂéec})pﬂmmsf llimsty=bed mendodiniedtat ihGR4lemavtize iS method

e e B R R S R R T e e
classifying obmtmwntmtwmlmeqovea@aommlmgctosme iNtsivatsdspatitidionbbdinciurdsnof
color olassitcA PRI TR 4 ST PRENE SE8E GirL Aae W FIREP t5 AP SV AR However,
Figure 16B lnnh@def&m@rasidambalrbh@é@vi&ﬁ@&t@l@p&hul@&idm ﬂtelﬁramaaﬂwgammﬁ thay determine
determine. wi LSRR 8 A BSHECD BAREL Sty SRSEe P B b e SR DS TEring
particular (HSEbvirloehefdheopielsianbieh eneotidieate tam @a@@pﬁe@b@@ur@d Systerimdy in the
2 shadon n (NECAGE 2 RELEED B RREISOE NP RS AR SEJeLaSr T REt e the
For instance, the foregoing detailed description has set forth various
10 embodiments of the devices and/or processes via the use of block diagrams,
schematics, and examples. Insofar as such block diagrams, schematics, and
examples contain one or more functions and/or operations, it will be understood by
those skilled in the art that each function and/or operation within such block
diagrams, flowcharts, or examples can be implemented, individually and/or
15 collectively, by a wide range of hardware, software, firmware, or virtually any
combination thereof. In one embodiment, the present subject matter may be
implemented via Application Specific Integrated Circuits (ASICs). However, those
skilled in the art will recognize that the embodiments disclosed herein, in whole or
in part, can be equivalently implemented in standard integrated circuits, as one or
20 more computer programs running on one or more computers (e.g., as one or more
programs running on one or more computer systems), as one or more programs
running on one or more controllers (e.g., microcontrollers) as one or more
programs running on one or more processors (e.g., microprocessors), as firmware,
or as virtually any combination thereof.
25 In addition, those skilled in the art will appreciate that the
mechanisms taught herein are capable of being distributed as a program product
in a variety of forms, and that an illustrative embodiment applies equally regardless
of the particular type of signal bearing media used to actually carry out the

distribution. Examples of physical signal bearing media include, but are not limited
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value of the object. In particular, the method may reclassify the object into a different color class if the
threshold is surpassed and re-determine a value of the object based on the reclassification. It will be
appreciated that in some embodiments, the objects in the 25 stack may be multi-colored, such that
the perimeters of the objects include multiple colors. As such, the pixel streak may include pixels
corresponding to the multiple colors present on the perimeters. In some such embodiments, the
method 1600 may identify multiple colors for the object and determine a value for the object based on
the identified multiple colors. 64 The above description of illustrated embodiments, including what is
described in theg Weshuiiotvilsgn ot tuieiatiésl tigpberexhagsiiveasrfiodpyitisies, dratbdishedhisds, tG® precise
forms disclos%@ltha% srgpecific re?‘#fﬂbodiments of and examples are described herein for illustrative
purposes, var 8q | F'é FRmd f&%%’ﬁ’éeéamed@%ade without departing from the spirit and scope
of the disclosure, as will b& heoagivzetcmbidiseatdligesiritie retenant atbé e tesiobitngs provided
herein of the various odiments can be led to othey systems, not  necessarily the exemplary
oject ovallal B N Eh AERRAY e el CASEVE BBl IRRLER S Toh UG QELAA Alorpdon
has set foith wpéeifie Hemiipdimeristhibagiesiets andfothproc8spasevies theSigeagddilock diagrams,
schematics, anihﬁxamples. Insofar as %ch block diagrams, schematics, and gexamples contain one or

more function&® ﬁfgpgp% thﬂtéc,’ri‘isw ‘BeRHARTSBR BE}OH% %réiarﬂé%ah?% oLy Rt unction
and/or operatigspWdtiiorsughdoiustk pairgtasublifaneiarse veexannplies epadickripteaenited,

individually and/or 15 collectively, b id f hard , Soft , fi , irtuall
combination tHERbFIKBAPBIABATHISRE HiesidoaheLn SREMANEF A BE pRied via

Application SpeeitibdategraiedsplicatisnArGsiohoneearhEterebpkiieddnddarmthuilgienegnize that
the embaodiments disclosed herein, in whole or innﬁ)art,can,tbe equivalently implemented in standard
integratebocird,p‘Lﬁ%e‘a§ 8k %rembodlments can be modified, if necessary, to’employ systems,

circuits and concepts of the various patents, applications and publications to
provide yet further embodiments.
These and other changes can be made to the embodiments in light
of the above-detailed description. In general, in the following claims, the terms
15 used should not be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be construed to include all
possible embodiments along with the full scope of equivalents to which such

claims are entitled. Accordingly, the claims are not limited by the disclosure.
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20 more computer programs running on one or more computers (e.g., as one or more programs
running on one or more computer systems), as one or more programs running on one or more
controllers (e.g., microcontrollers) as one or more programs running on one or more processors (e.g.,
microprocessors), as firmware, or as virtually any combination thereof. 25 In addition, those skilled in
the art will appreciate that the mechanisms taught herein are capable of being distributed as a
program product in a variety of forms, and that an illustrative embodiment applies equally regardless
of the particular type of signal bearing media used to actually carry out the distribution. Examples of
physical signal bearing media include, but are nOLI#8d 65 to, the following: recordable type media
such as floppy disks, hard disk drives, CD ROMSs, digital tape, and computer memory. The various
embodiments described above can be combined to provide further embodiments. To the extent that
they are Witanigoelsistentigith the 5 specific teachings and definitions herein, all of the U.S. patents,
U.S. patent application publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or listed in the Application

Data Sheet that are cammoniyrastigdes toithsusatineadgpanessihthimapplicsitaeasevncarporated
herein bi(greference, %their entirety. tﬁé) O@fsqpects of the embodiments can be modified, if necessary, to

employ %ﬁ@,tadﬂ @Cé?m”&%ﬁ*&% EREGICIS patents, applications and publications to

provide yet further emhegliiriagta. pikelacedruddineiainopes apsahesmade ¢ phelgedediorents in light
of the above-%%‘ailed qlescription. In general, in the foIIowinéq claims, the ter i 15 used should not be
construeMf AR R A TIBARE B S gﬁfﬁrﬁ%'ﬂoﬁi}ﬁ@ﬁwa DIOSEFSR 'iﬁ%aéjg(l) fFiE4tfHAnd the claims,

but should be construgdrpinstistedfl ppesibls simp odimesisadergonite e fitiessepefof equivalents
L e S COTor T S06 Cata Tor st 16a2'A Portion Of the arSa 16 produde Aset ol o Golor
contour image data that represents at least the portion of the pixilated color image,
wherein a first color of the two color contour image data corresponds to contour pixels
and a second color of the two color contour image corresponds to non-contour pixels;
computationally processing by the at least one processor the set of two
color contour image data to find a location of a bottom of a stack of objects in the set of
two color contour image data and to find a location of a top of the stack of objects in the
set of two color contour image data, if any objects are in the at least portion of the area,
wherein the stack of objects includes at least one object if any objects are in the at least
portion of the area;
computationally determining by the at least one processor a total number
of objects in the stack, if any based at least in part on a knowledge of the location of the
bottom of the stack of objects and the location of the top of the stack of objects;
computationally processing by the at least one processor a portion of the
set of pixelated color image data based on the knowledge of the location of the bottom
of the stack of objects and the location of the top of the stack of objects to respectively
classify each object in the stack of objects into one of a defined set of color classes; and
computationally determining by the at least one processor a cumulative
total value of the stack of objects based at least in part on the color class to which each

of the objects in the stack of objects is classified.
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66 CLAIMS What is claimed is: 1. A method of computationally processing images of areas which
may contain objects, the method comprising: acquiring a pixelated color image of an area as a set of
pixilated color image data at least temporarily stored in at least one processor-readable medium;
computationally preprocessing by at least one processor the set of pixelated color image data for at
least a portion of the area to produce a set of two color contour image data that represents at least the
portion of the pixilated color image, wherein a first color of the two color contour image data
corresponds to contour pixels and a second color of the two color contour image corresponds to
non-contour pixels; cadnputaiinpatig it essiagroy M%aeiieasuuhmgramﬂmwﬁeomt mag@ ofolor
contour |ma§e data to find a kocat on of a bottom of a 1tac of Obflﬁe‘CtS in the. set of two c&fr contour

image d&¥A AEF 95HASR (GBI AacRIB dMIRESRYCR dF dtj80ts 348 dqUip ol E518Pe Bl image

data, if alepsipeetstaie dh dhgaatileptitpotiom ef fﬂmelaoeespmbmgnahmataew@@ﬁetandmudes at least
one object if ané, eﬂj|ectsae|n th§ 8>east ortl n of the rea; computationall determlnlng by the at
a4 A

least onePBFB% 4 &5 %8H¥ ?lﬂ ?Pﬂngtﬁ‘& ﬁeaﬂ gs%ad%?ge ?n part on a knowledge

of the location of the bottom of the stack of objects and the location of the top of the stack of objects;
computationally processing he a legst.o ssor a portion set of pixelated color image
L R e

data based on the knowledg %ﬁ yo%r%@f Cﬁ’?&'ﬁ%%@étlon of

the top ofeths st@bretebmtﬂw@s"ewepmwlaswmagb dbjadoindihe stagkpotidjestshiato one of a
defined set of color asses; ang comp tationally determlnlﬁqrH the at least one processor a

cumulatl%e?c}f’apv% %fa[ﬁstéf I:W%?%Bjre%@@%é@%@?e% (lmigﬁ the color class to which each of
the objects in the stackopivebjiegtaiscelesaifiedi®y of the set of the pixelated color image data to

a set of gray scale image data; and
edge detection filtering the set of gray scale image data to produce a set

of contour image data.

4. The method of claim 3 wherein computationally preprocessing by at
least one processor the set of pixelated color image data for at least a portion of the
area to produce a set of two color contour image data further includes:

converting by the at least one processor at least a portion of the set of

contour image data to a set of black and white contour image data.

5. The method of claim 1 wherein computationally preprocessing by at
least one processor the set of pixelated color image data for at least a portion of the
area to produce a set of two color contour image data further includes:

eliminating extraneous pixels from the set of two color contour image data.

6. The method of claim 4 wherein converting by the at least one
processor at least a portion of the set of contour image data to a set of black and white
contour image data includes:

converting by the at least one processor a set of gray scale contour image

data to a set of hue, saturation, and brightness (HSB) contour image data; and
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2. The method of claim 1 wherein acquiring a pixilated color image of an area includes capturing a
color image by at least one image acquisition device of at least a portion of a gaming table from a
position spaced at a non-zero degree and non- perpendicular angle out of a plane of a playing surface
of the gaming table. 3. The method of claim 1 wherein computationally preprocessing by at least one
processor the set of pixelated color image data for at least a portion of the area to produce a set of
two color contour image data includes: converting at least a portion of the set of the pixelated color
image data to a set of gray scale image data; and edge detection filtering the set of gray scale image
data to produce a set cohvertiagroynigeatisdastioid erosthsor dhelashad WBBreontmmputagonally

preprocessing by at least one processor the set of pixelgted color image data for at least a portion of
the area%ap?&%%és% Qiﬁogq%/grb%@]'&ﬁ%ﬂ?%%%@a@ﬁﬁlrther includes: converting by the at least
one processor at least a portion of the set of contour image data to a set of black and white contour
image data. 5. The method af claim che ejn.computationally preprocessing by at least pne
processor the set of p Xelateod'[rl:%mﬂh% 8{(5: ?ém& 5@':%? S%H%%%Wg 8?%%?8%?8@%%%&5& of
two colofezmnions inegessatarfarsbeoinshulesdcdornanng exisentaus: pesisawonitresfahef two color
contour imag data., 6. The method of claim 4 wherein c nvertilafgg/ the at least one processor at

least a pSFﬂ OOPERQLE;& JEELR Jl‘ﬁ‘fc’lr‘ﬁ%laé%%?% IS BR MR ihite contour image data
includes: converting bydheattepsisenefpriasscalsetmbgsajass akp rssyntindgaqgieekiada to a set of

hue, saturation, and brightness (HSB) contour image data; and 68 converting by the at least one
oo UG oFH7E b ot A le Gt () THE SO ARE A0 AP AL THISHE Gen 7. The
method ahelgénhdvirigerieistaokpiibaiisislmieprocessing by at

removing irregularities from the set of two color contour image data

around a stack of objects in the two color contour image data based on the comparing.

8. The method of claim 7 wherein the removing irregularities from the
set of two color contour image data includes:

subtracting the set of pixilated color image data representing a pixelated
reference image of the area from the set of two color contour image data; and

adding back to the set of two color contour image data an element of
average background color of the area.

9. The method of claim 1 wherein computationally preprocessing by at
least one processor the set of pixelated color image data for at least a portion of the
area to produce a set of two color contour image data includes:

color balancing a set of pixilated color image data representing a pixelated
reference image of the area to have it more closely match the set of two color contour
image data, said reference image having no stack of objects;

rotating the set of two color contour image data to compensate for camera
distortion for one or more stacks of objects that are near edges of the two color contour

image data;
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least one processor the set of pixelated color image data for at least a portion of the area to produce a
set of two color contour image data includes: comparing a set of pixilated color image data
representing a pixelated reference image of the area to the set of two color contour image data, said
reference image having no stack of objects; and removing irregularities from the set of two color
contour image data around a stack of objects in the two color contour image data based on the
comparing. 8. The method of claim 7 wherein the removing irregularities from the set of two color
contour image data includes: subtracting the set of pixilated color image data representing a pixelated
reference image of thalayeiadrire et stpidl e adr doige ditageptedanting thelgdingl btk to the set

of two colofr contour image %aﬁéé:\n lement of avera%e b.acggro(&ej d(folor of th,[ef area. 9. The method
of claim Twherehn 'estipdato |§e§r8 WS LR) R 1R8PS "’r‘}:ﬁ QA LSV BERYed color
image datbdoirmbipaatquisititondeivibe Laeh tto ququiveehe pitabivdidorcrigiour image data includes:
color balancing a set of pixilated color image.data representing a pjxelated reference image,of the
area to have it more cOUBIHABHRS Qe IR R I5P EoHRRRS R SR s LIRS GO AR Shage
having neesseskcef thigpissfrtiatirgdfeosetiad Beo sfaloo coedbitragdriate idatampensate for camera
distortion for one or moﬁg(%,sta(@ks of om'ects thft are near edges of the twa color c?at?ur image data;
i3 i &

69 aligning the set of 6 %%IIQ Qgﬁfﬁg M&%Q&ﬁﬁﬂ H{érﬁﬁ&%‘?@&a Y %age and the

set of tweeppigepantpan islage et d0arageusidg mave Bt diftas drageaagquisition device used to
acquire the pixelated coEr imaﬁe; subtractin%the set %%’/E%E”ate color image data representing a

pixelated reference irfid %r&e[ éeavé%ﬁ%’rﬁ LNGR'o? §15H BRI 8}5965?8; &ﬁﬁ& ack to the
set of twpigid@sEediotinAge e stateeinesentatpthe pixelated reference image of the area and

the set of two color contour image data to gray scale if the converting to gray scale had
been determined likely to improve accuracy of the determining of the total number of

objects in the stack.

10.  The method of claim 1 wherein computationally preprocessing by at
least one processor the set of pixelated color image data for at least a portion of the
area to produce a set of two color contour image data further includes:

eliminating extraneous pixels from the set of two color contour image data
that are outside the at least portion of the area; and

eliminating extraneous pixels that are not part of groups that at least
approximately form the shape of a stack object based on a minimum threshold number

of pixels.

11.  The method of claim 10 wherein the eliminating extraneous pixels
that are not part of groups comprises:

passing a template shaped as a stack object over the set of two color
contour image data;

counting a number of contour pixels within an area defined by the
template for each location of the template on the set of two color contour image data;
and
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representing an element of average background color of the area; and either before the subtracting or
after the subtracting, converting the set of pixilated color image data representing the pixelated
reference image of the area and the set of two color contour image data to gray scale if the converting
to gray scale had been determined likely to improve accuracy of the determining of the total number of
objects in the stack. 10. The method of claim 1 wherein computationally preprocessing by at least one
processor the set of pixelated color image data for at least a portion of the area to produce a set of
two color contour image data further includes: eliminating extraneous pixels from the set of two color
contour image data thdiharaingsitieothel sibleaiiepibiti ancaf dedireadiyethe eimpiaténgt @sicaneous pixels

that are not part qf groups that at least approximately form the, shape of a stack gbject based on a
i LR LT SLF DRERO L3P R LB HEm S FHA b Bt ancous
pixels thakargnoupathefgrodpsuedreposeixgiassing a template shaped as a stack object over the set
of two color contour image data; counting a number of contour pixels within an area defined by the

template for each location of the template on the set of two color contour image data; and 70

eliminating all pixels otgside Tihe aiethdefofetiy theutemepledenptisimgh location if the number of contour
pixels within the arealge{ined cI%th temp\ te contajns the minimum threshold number of pixels. 12.
G

The method of claim et eCFSFerEJH{B%& %@ @@rﬂﬂﬁiﬁ@oﬁﬁﬁgﬁﬁg t one
processofuanipéalonotidsts i aipestick) thrastankngdeleiorirdngandwigooiaheantpikaitbpjsbask of

M e R e e S A S R S
data; and
determining an estimated height of individual objects in the stack of
objects based on a mean/average height of an individual object of the stack rationalized
for a distance between an image acquisition device used to acquire the pixelated color
image and an expected location of the stack, said distance adjusted based on the
location of the bottom of the stack at the determined horizontal center of the stack

relative to the expected location of the stack of objects.

13.  The method of claim 1 wherein computationally preprocessing by at
least one processor the set of pixelated color image data for at least a portion of the
area to produce a set of two color contour image data further includes:

logically segmenting the two color contour image data into a set of target

pixel areas, each of the target pixel areas including a set of n by m pixels.

14.  The method of claim 13 wherein computationally preprocessing by
at least one processor the set of pixelated color image data for at least a portion of the
area to produce a set of two color contour image data further includes eliminating
extraneous pixels from the set of two color contour image data by:

for each target pixel area of the set of target pixel areas, eliminating all

contour pixels in the target pixel area from the set of two color contour image data if a

71



data; and determining an estimated height of individual objects in the stack of objects based on a
mean/average height of an individual object of the stack rationalized for a distance between an image
acquisition device used to acquire the pixelated color image and an expected location of the stack,
said distance adjusted based on the location of the bottom of the stack at the determined horizontal
center of the stack relative to the expected location of the stack of objects. 13. The method of claim 1
wherein computationally preprocessing by at least one processor the set of pixelated color image data
for at least a portion of the area to produce a set of two color contour image data further includes:
logically seghnentivgy td)ietmar@@mﬂourcpimmnmrth?@tac@éapmel aset iof g dtapxehasaddeachbefthe
target p|x I are S |nc udln tofnb pixels. 14. The method of claim 13 wherein computationally
preproce% 3%? %I%ggs he set of pixelated color image data for at least a portion of
the areato produce af@eéaxfrtwargel@‘x@rﬁma irﬂagkea@ttedm#\@frtmls@te@f eirginading andagneous

pixels fro the olorc tour im ta by: for e cht Iarea of the set of target

Dixel arc BT UG AT RO IR A LB PIRE M B AEhS S4D SPITEDB ontou

image dataa@@dﬁlatﬁtatmtargmrpmféhareemasn@se}sam shectargstrgkgsoeagsHasshidiat a threshold

number of els er taﬁ% g(Et)area and for. e%fh tar get pixel area of at least some of the set of
i

target pi)?é’l 859 Aile 885'9)[?831&& & rget pixel area from the set of two color

contour image data if the target pixel area has less than a nearest neighboring threshold number of

nearest neighboring t et p el are The method of claim 13 wherejn computationall
processing by the at st o] %FBS@E%% rﬁfaé@tbq WE%%PB%BW'RH& té%f&%eﬁ?ﬂ% é(%@ation of a

bottom agd ¢t né piIecksor anesis b1 the selcvidumanlanhagstaardmeeddataciidndss:

bottom and a top of a stack of objects in the set of two color contour image data
includes:

applying a sample bounding box at successive intervals to groups of
target pixel areas of the set of target pixel areas to find a location of the bottom of the
stack of objects, each of the groups of target pixel areas including at least some target
pixel areas with contour pixels of the set of two color contour image data that are below
a determined upper location in the set of two color contour image data;

determining a bottom quadrant to be the sample bounding box that
includes the group of target pixel areas with the highest number of target pixel areas
having contour pixels;

determining whether a width of the target pixel areas included in the
bottom quadrant fits a face ellipse of an object;

determining whether a width of the target pixel areas included bottom
quadrant fits a face ellipse of an object;

determining that there is no stack present when the width does not fit the
face ellipse; and

determining a location of the bottom of the bottom quadrant when the

width fits the face ellipse.
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applying a sample bounding box at successive intervals to groups of target pixel areas of the set of
target pixel areas to find a location of the bottom of the stack of objects, each of the groups of target
pixel areas including at least some target pixel areas with contour pixels of the set of two color contour
image data that are below a determined upper location in the set of two color contour image data;
determining a bottom quadrant to be the sample bounding box that includes the group of target pixel
areas with the highest number of target pixel areas having contour pixels; determining whether a
width of the target pixel areas included in the bottom quadrant fits a face ellipse of an object;
determining whether a @idthTféhadtrgeiopixeirareasvnetatteconapiaati ansigrpridéssintrog igpse of an

object; determining that there is, no stack present when the width does npt fit the face ellipse; and
Cetormir ARG B TR b L MBSt AT R IR ) HSTALTAAL Blipse. 72 16.
The metbott@h claitraliopubiesestackvpoibidicts aHyithr aet 2singdoyolbe cahteasimageuatassor the set of
two colorrfcgﬁ(%our image data to find a location of a bottom and a top of a stack of objects in the set of

two colof Gar image data includes: determining a location of a bottom of the bottom quadrant by
traversing downwardyestartimgngt |l teationodfsebfiemm dhendasenmin e ager logatiorendiy a last one

target pixel found within a left ight bound f the bottom quadrant. 17, Th
ethod GPURHRAIN SLBRLTY 2 ARSI B e R g S R AR B GHAVLLEL) BBt of o
color corgagroimage: datgdodixel arewatiounaf aitihiattorsfeaddarighn bbarsiask of tbiej@etsdm the set of two

color contour. image data includes:
quadrant.

17.  The method of claim 13 wherein computationally processing by the
at least one processor the set of two color contour image data to find a location of a
bottom and a top of a stack of objects in the set of two color contour image data
includes:

successively applying a sample bounding box to groups of target pixel
areas of the set of target pixel areas at successive intervals from a determined bottom
of the stack of objects until a top streak of target pixel areas contained within the sample

bounding box is empty.

18.  The method of claim 17 wherein computationally processing by the
at least one processor the set of two color contour image data to find a location of a
bottom and a top of a stack of objects in the set of two color contour image data
includes:

determining a top bounding box based on the values of the sample
bounding box with the sample bounding box positioned such that the top streak of target
quadrants contained within the sample bounding box is empty;

successively applying the sample bounding box at successive intervals to
find a sample quadrant that fits an elliptical pattern;

determining a list of coordinates of the target quadrants that intersect a top

arc and a bottom arc of an imaginary ellipse the size of the sample bounding box;
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successively applying a sample bounding box to groups of target pixel areas of the set of target pixel
areas at successive intervals from a determined bottom of the stack of objects until a top streak of
target pixel areas contained within the sample bounding box is empty. 18. The method of claim 17
wherein computationally processing by the at least one processor the set of two color contour image
data to find a location of a bottom and a top of a stack of objects in the set of two color contour image
data includes: determining a top bounding box based on the values of the sample bounding box with
the sample bounding box positioned such that the top streak of target quadrants contained within the
sample bounding box detempityinsus tezsinalneapdyitaydbecans b hooveling toxtatgetccessive intervals

to find a sample quadrant that fits an.elliptical pattern: determinir; list of coordinates of the target

uiadranf PUEH oL AT AP D UROH I OT e RAUNY BRRE e size of the sample

bounding b?|>_<; 73fdetefemm'g1mgqmb Bagqubmmawggqum _amr\w]m*tlaméwlmtgltg&jdm_ bctrfants of the

|mag|nar§]e [%ﬁ%ﬁﬁ@r%?‘t e sample bounding box; and determining the sample bounding box position
of

with the S R ANEPLE S the top quadrants. 19. The method of claim 18 wherein
computationally determining by the at least one processor a total number of objects in the stack

includes determining g diffetence in the bottom of the top quadrant and a bottom of a bottom quadrant
and a mean/average %‘ight %Wﬂa@ﬂg&% r ﬁlﬁ%ﬁ?&‘éﬁ%ﬁ:&%@& %*&K%BWW mﬁge
acquisitian ldagiasnarnstdbesseck aitabirctbetbf Orgeatetinot@kaiaitnnbvbiesaiateamipirigtionally
processing_ by the at least one processor a portion of the set of pixelated color image data based on a
Koniod 0 BHaG LT S BV e HECRAH G0 ST 8 L HONGF S0 A b L o
objects tmeespacEnele tlergitoeanlinetan dbstaaksrikiesidinieivinebaetween the

image acquisition device and the stack of objects.

20. The method of claim 1 wherein computationally processing by the
at least one processor a portion of the set of pixelated color image data based on a
knowledge of a location of a bottom of the stack of objects and a location of a top of the
stack of objects to respectively classify each object in the stack of objects into one of a
defined set of color classes includes:

for each of the objects, classifying a number of pixels in a color pixel
streak to respective hue, saturation, and brightness (HSB) values that represent the
hue, saturation and brightness of the number of pixels, the color pixel streak composed

of a subset of the pixels between a top arc and a bottom arc of an ellipse of the object.

21.  The method of claim 20 wherein computationally processing by the
at least one processor a portion of the set of pixelated color image data based on the
knowledge of the location of the bottom of the stack of objects and the location of the
top of the stack of objects to respectively classify each object in the stack of objects into
one of a defined set of color classes further includes:

for each of the objects, classifying the number of pixels in the color pixel
streak to respective fundamental colors based on defined relationships between HSB

values and a defined set of fundamental colors.
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defined set of color classes includes: for each of the objects, classifying a number of pixels in a color
pixel streak to respective hue, saturation, and brightness (HSB) values that represent the hue,
saturation and brightness of the number of pixels, the color pixel streak composed of a subset of the
pixels between a top arc and a bottom arc of an ellipse of the object. 21. The method of claim 20
wherein computationally processing by the at least one processor a portion of the set of pixelated
color image data based on the knowledge of the location of the bottom of the stack of objects and the
location of the top of the stack of objects to respectively classify each object in the stack of objects
into one of a defined get of diermtthsesofucihien Rclwtemifoceapuiatitreatbpjecsesthssibyinhehe

number of pixels_ in the color pixel streak tq respective fundamental colors based on, defined
etationsHIN R SRR OB T EHAR & dof Aok GEb S LB AT e PSS AE Metho of
claim 21kubearetigecohthidtioatdy pfalessittgrhyiithealtieksdiontsguecassdha Ipodtion of the set of
pixelated color jmage data hased on the knowledge of the Igcation of the bottom of the stack of
Ojects A TATBAEH GrBCL5 ol TESHER L USRS o HEEh Va1 R AL L HoSpach the
stack of ehfeetsaiksfirmate et aidedioedisesed antivieelmededditrther includes: for each of the objects,
determining whether the classified fundamental colors of the color pixel streak is in a set of color drift
D B

colors. 23. The metho®oP2 PR %‘?{mﬁﬂeﬂam 5¢ fﬁ)f{ﬁ fﬁ??@é@?g processor

a portioncefdhredsiehefopixelphesl sotedknpigeadaindiasthst anftheplsrnwledge of the location of the bottom
of the stack of objects and the location of the top of the stack of objects to respectively classify each

object in the stack of objects into one of a defined set of color classes further includes: for each of the

objects, determining vigethemieralapeified dlinaneniedrsplesnpiineicnkoynixet sisny Byeatredefined
primary fur\damental color and a number of define s,econdaré/ iundamen(tjal colors.

at least one processor a portion of the set of pixelated Color image data based on the

knowledge of the location of the bottom of the stack of objects and the location of the

top of the stack of objects to respectively classify each object in the stack of objects into

one of a defined set of color classes further includes:

for each of the objects, determining whether the classified fundamental
colors of the color pixel streak are a defined primary fundamental color and a number of

defined secondary fundamental colors.

24.  The method of claim 23 wherein computationally processing by the
at least one processor a portion of the set of pixelated color image data based on the
knowledge of the location of the bottom of the stack of objects and the location of the
top of the stack of objects to respectively classify each object in the stack of objects into
one of a defined set of color classes further includes:

for each of the objects, if the classified fundamental colors of the color
pixel streak are not in the set of color drift colors and the classified fundamental colors
of the color pixel streak are not one of the defined primary fundamental color or the
defined secondary fundamental colors, determining a fundamental color based on a

most common color shared by the pixels of the color pixel streak.
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24. The method of claim 23 wherein computationally processing by the at least one processor a
portion of the set of pixelated color image data based on the knowledge of the location of the bottom
of the stack of objects and the location of the top of the stack of objects to respectively classify each
object in the stack of objects into one of a defined set of color classes further includes: for each of the
objects, if the classified fundamental colors of the color pixel streak are not in the set of color drift
colors and the classified fundamental colors of the color pixel streak are not one of the defined
primary fundamental color or the defined secondary fundamental colors, determining a fundamental
color based on a mo2Z:ommbe rwthchafethby BEwietsrot tneptidtionaiel pteemissitig25y. fllee method

of claim 23 wherein computationally processing by the at Jegast one processor a portion of the set of
pixelatect L HEP G HAEe R Ol e TS e Ot T B SV SRR G ek o
objects amdiviedgeasicthefdbetidamodttibdstask of tresttsioofesipectyalydciassdyaaechadhiect in the
stack of pbjects into one of a defined set of color classes further.includes: for each of the objects,
etormin i & AR DOIERC LR L L AARIa AROPIER A TG A GiFHeD BER o
fundametvtal ciotot édirtdyjenitvst del oetidicstshfpstha6 indhedaethod of claims 24 wherein computationally
processing by the at least one prpcessor a portion of the set of pixelated.colqr image data based on
the knowledge of the (GEAHH &Y H1E BBIESR 1 3HE MRS SElKEE JhR HRASERARF I fe top of the
stack of gbjeetsitieddapaativetyatlasifnaadch ddijastisghef staclaafarhigasionto opeehanefined set of
color classes further includes: summing the determined values of each of the objects. 27. The method
of claim ie#BFfPfé% B?hprising: reclassifying an object into a different color class based on a
determination that a color of the object is obscured by a shadow in the pixelated color image.

26. The method of claims 24 wherein computationally processing by
the at least one processor a portion of the set of pixelated color image data based on
the knowledge of the location of the bottom of the stack of objects and the location of
the top of the stack of objects to respectively classify each object in the stack of objects
into one of a defined set of color classes further includes:

summing the determined values of each of the objects.

27.  The method of claim 1 further comprising:
reclassifying an object into a different color class based on a
determination that a color of the object is obscured by a shadow in the pixelated color

image.

28. The method of claim 27 wherein the reclassifying an object into a
different color class includes:

determining whether pixels of an object previously classified as black
surpass a threshold regarding (HSB) values of the pixels; and

reclassifying the object into a different color class if the threshold is
surpassed; and the method further includes:

re-determining a value of the object based on the reclassification.

76



28. The method of claim 27 wherein the reclassifying an object into a different color class includes:
determining whether pixels of an object previously classified as black surpass a threshold regarding
(HSB) values of the pixels; and reclassifying the object into a different color class if the threshold is
surpassed; and the method further includes: re-determining a value of the object based on the
reclassification. 76 29. A system, comprising: at least one image capturing device configured to
acquire a pixelated color image of an area as a set of pixelated color image data; and at least one
object evaluation computing system having at least one processor and at least one storage medium
that at least temporariBgstores sy shensetahpiseigted color image data, the object evaluation

computing system conf{iurep to: pre rocesa using the at Iea§t one ﬁrocessor the.se[?afe&i]x(ez!ated
color image data for afeady aOBSrHB %t 178 gngtgedﬂ%&@g égéjé?% QG LIIS 2HHEFH Y- data
that reprgaagtsaitdaastthaparsierodbikel piztaseld cohagendgie; pratess using the at least one

processor the set of two color cont%ur [mage data to find a locati noIgﬂtf bottom of a stack of objects in
the set of two. color cAMSAF RIS HEE BRAYS L CBRUIDA SYIABb e SlleR W ects in the set
of two cqlessamyousncag edetnié anyrapienisditennHiicaaldasstgrapivariy dteratea thelwedn the stack
of objects,inilud$s alg)le,ast one, objegﬂt ifﬁé{?gbi%its ﬁre in the at least tportion fthecﬁrea; determine
using th AEIEIRT SR LIS ARG Lhg &/ B BLTELEO THRHE G 2R SMAMY B 8L G % Yeast in part on
a knowledge of the location fépeodwitousinbitieHariasf ohicpreand shenocation pikthatéap of the

data basE G THOR AP TS ToRaTIAN o S FoRB S RAL B AL PL BB P ation of

the top ahtagestitk aiathiestsdonesmaetively€lpsaibh of the pixilated color image;

process using the at least one processor the set of two color
contour image data to find a location of a bottom of a stack of objects in the set of two
color contour image data and to find a location of a top of the stack of objects in the set
of two color contour image data, if any objects are in the at least portion of the area,
wherein the stack of objects includes at least one object if any objects are in the at least
portion of the area;

determine using the at least one processor a total number of
objects in the stack, if any based at least in part on a knowledge of the location of the
bottom of the stack of objects and the location of the top of the stack of objects;

process using the at least one processor a portion of the set of
pixelated color image data based on the knowledge of the location of the bottom of the
stack of objects and the location of the top of the stack of objects to respectively classify
each object in the stack of objects into one of a defined set of color classes; and

determine using the at least one processor a cumulative total value
of the stack of objects based at least in part on the color class to which each of the

objects in the stack of objects is classified.

30. The system of claim 29, wherein the at least one object evaluation

computing system is further configured to convert at least a portion of the set of the
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each object in the stack of objects into one of a defined set of color classes; and determine using the
at least one processor a cumulative total value of the stack of objects based at least in part on the
color class to which each of the objects in the stack of objects is classified. 30. The system of claim
29, wherein the at least one object evaluation computing system is further configured to convert at
least a portion of the set of the 77 pixelated color image data to a set of gray scale image data and
perform edge detection filtering of the set of gray scale image data to produce a set of contour image
data. 31. The system of claim 29, wherein the at least one object evaluation computing system is
further cpiXeared doltrdnathe segaient et Mgrayieca@hugbr@a alripertoranssd gy tegetipixel

areas, e h oft rget.pixel areas ncludl ofn m s 32. The.system of claim 29
vhercin T8 9T G OB SR SRR B S AP S okt B 56 IBBRARES csing the
least one processor the set of pixelated color i |mage data by: comparing a set of pixilated color image

d [ I f to th tof t t dat
soid eference. mageaving 16 SISIX S PLLJGLIL A FETEVING FHAERTs LRI RELUR o color

contour ioagsud atas petim dsef Btaek oémmmwmtlm@”ww;cghyn@@mm imegeidateohasedmagbe
comparl 33. The é,%/ggam of clalmL 32 wherein the removmg?lrre gularities c%{égnses r%Jrﬁ racting the

set of pi ‘%H“E%l%? R A Bl ALRAT G ARG IR RS JR B I ST e set of

two colorepiieldr image data; and adding back to the set of two color contour image data an element
of average background color of the area. 78 34. The system of claim 29 wherein the at least one
object evaluation

32.  The system of claim 29 wherein the at least one object evaluation

computing system is configured to preprocess using the at least one processor the set
of pixelated color image data by:

comparing a set of pixilated color image data representing a pixelated
reference image of the area to the set of two color contour image data, said reference
image having no stack of objects; and

removing irregularities from the set of two color contour image data

around a stack of objects in the two color contour image data based on the comparing.

33.  The system of claim 32 wherein the removing irregularities
comprises:

subtracting the set of pixilated color image data representing a pixelated
reference image of the area from the set of two color contour image data; and

adding back to the set of two color contour image data an element of

average background color of the area.
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computing system is configured to preprocess using the at least one processor the set of pixelated
color image data by: color balancing a set of pixilated color image data representing a pixelated
reference image of the area to have it more closely match the set of two color contour image data,
said reference image having no stack of objects; rotating the set of two color contour image data to
compensate for camera distortion for one or more stacks of objects that are near edges of the two
color contour image data; aligning the set of pixilated color image data representing the pixelated
reference image and the set of two color contour image data to account for movement of an image
acquisition device usegito aéﬂtéreytdsterpiméldtﬁm(ZﬂommmeﬂwbtrEIHM@ﬂmecﬁrﬁéafWallaaﬁdmolor
image data reg esentlrl |xe ed ra, rence ima e of the akilom the set of two c%lor contour

image data 8ddIMy B é%fret BIAESH c?u‘r’?frﬂg e GBHRICTERR BRI an

element of pixefagel laatdngmagd datarbyf. the area; and elther before the subtracting or after the
subtracting, convertin ixilated color.jma atar resentl the pixelated referenc

mage of the area anc AT BRI EaB! O TEUI HALARS ek CEIEr T ESARERAED gray
scale hacbfbﬁ@ﬁcdemagmﬁdmkeise@tmwet aoorg atysef\theatetetreisamdivbectital qumaper of
objects in the s é%ik 35, Th tem of CI%ZQ wher |n he a@ggft one object evaluation computing

system i Qd%'%lrg % %%'UE%QS Vﬁﬁ@é’st o Tthe set of pixelated color image
data by: eliminating extiamieguse e o d@@oﬁ@bﬂfdmm@é candaurdoraperdate firadareeutside

least apDIRRTIERAR BV dh e CHESAEKS QB A LA ACE A SRR A R of
pixels. image data;
aligning the set of pixilated color image data representing the pixelated
reference image and the set of two color contour image data to account for movement
of an image acquisition device used to acquire the pixelated color image;
subtracting the set of pixilated color image data representing a pixelated
reference image of the area from the set of two color contour image data;
adding back to the set of two color contour image data image data
representing an element of average background color of the area; and
either before the subtracting or after the subtracting, converting the set of
pixilated color image data representing the pixelated reference image of the area and
the set of two color contour image data to gray scale if the converting to gray scale had
been determined likely to improve accuracy of the determining of the total number of

objects in the stack.

35.  The system of claim 29 wherein the at least one object evaluation
computing system is configured to preprocess using the at least one processor the set
of pixelated color image data by:

eliminating extraneous pixels from the set of two color contour image data

that are outside the at least portion of the area; and
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36. The system of claim 35 the eliminating extraneous pixels that are not part of groups comprises:
passing a template shaped as a stack object over the set of two color contour image data; counting a
number of contour pixels within an area defined by the template for each location of the template on
the set of two color contour image data; and eliminating all pixels outside the area defined by the
template at each location if the number of contour pixels within the area defined by the template
contains the minimum threshold number of pixels. 37. The system of claim 29 wherein the at least one
object evaluation computing system is further configured to: before computationally determining using
the at least one proceeﬁnﬁraattngaémum’mrwfpibmmm the stagarteteyrous aitaoat dedat center of the
stack of ob§cts bas raII con cen?é‘%lon of onto |xels in the s S%{01‘ twp, color contour

image ok r%’ﬂa“él‘?éfr SRl AR RS Bjé‘c?%'”H‘?Hg‘ 81?*6?%6]88?9 based on

a mean/@Vgiagr . height of an |nd|V|duaI object of the stack rationalized for a distance between an
image acquisition device used to acquire the pixelated color image and an expected location of the
stack, said distance adjusted based on the location of the bottom of the stack at the determined

horizontal center of theestackTtelasjetein ibieclakne3Bend atimipaiirighexstanioot ghiershdd a8. The
system of clalm , wherein the at least one object evaluation computing system is further configured
to elimin3& B %BE%)@@%W?M set of two color contour image data by: for each target pixel

area of the set of targglapsiabareempriipisnipgceds costatk objets svéhertargsitaiingbasedrfrom the set
of two color contour im data if a total number of the contour pixels in the target pixel area is less

that a thi€SHOH HDAMS:

counting a number of contour pixels within an area defined by the
template for each location of the template on the set of two color contour image data;
and

eliminating all pixels outside the area defined by the template at each
location if the number of contour pixels within the area defined by the template contains

the minimum threshold number of pixels.

37.  The system of claim 29 wherein the at least one object evaluation
computing system is further configured to:

before computationally determining using the at least one processor a
total number of objects in the stack, determine a horizontal center of the stack of objects
based on an overall concentration of contour pixels in the set of two color contour image
data; and

determine an estimated height of individual objects in the stack of objects
based on a mean/average height of an individual object of the stack rationalized for a
distance between an image acquisition device used to acquire the pixelated color image
and an expected location of the stack, said distance adjusted based on the location of
the bottom of the stack at the determined horizontal center of the stack relative to the

expected location of the stack of objects.
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of pixels per target pixel area; and for each target pixel area of at least some of the set of target pixel
areas, eliminating all contour pixels in the target quadrant from the set of two color contour image
data if the target pixel area has less than a nearest neighboring threshold number of nearest
neighboring target pixel areas. 39. The system of claim 37, wherein the at least one object evaluation
computing system is further configured to: apply a sample bounding box at successive intervals to
groups of target pixel areas of the set of target pixel areas to find a location of the bottom the stack of
objects, each of the groups of target pixel areas including at least some target pixel areas with contour
pixels of the set of tw@8olor Thateystanagkdta 8vatvetierbaliaesatdetatinedbppeevabadiionin the set
of two color contour image data; determf'ne af? ttom quadrant to be the .sa |?Ie boundi ?EOX that
includes ORI HRETGde ST SAR O e o R LNe . FREEP S LR ISR EPTIABE ATy contour
pixels; detey e vinetdarimagetbaibtbe: target pixel areas included in the bottom quadrant fits a face

2 fhce clipse of an oHJRE AR AFUREAE) TGRS DL BYBSLAL(maFeet ST QOB bt i the

a face ellipse of an obj
face ellipssitand @tatieianiingg & gakionaes seobotiansef dhevaptolr goatsanimdgndhewidth fits the

face ellipse. 40. Tge system of claim .37, wherein the at.least one gbject evaluatio mputing system
o furthen G RUTBE ! LU BOLL A KBS o A5 A AL B SRR Y A0 G Fbae. o
the set optaigelsbeeltiargaspitsiuneessive intervals from a determined bottom of the stack of objects
until a top streak of tagget gb%el areas contained Witr]in the sample .
r each target pixel area of at least some of the set of target pixel areas,
eliminating all contour pixels in the target quadrant from the set of two color contour
image data if the target pixel area has less than a nearest neighboring threshold

number of nearest neighboring target pixel areas.

39. The system of claim 37, wherein the at least one object evaluation
computing system is further configured to:

apply a sample bounding box at successive intervals to groups of target
pixel areas of the set of target pixel areas to find a location of the bottom the stack of
objects, each of the groups of target pixel areas including at least some target pixel
areas with contour pixels of the set of two color contour image data that are below a
determined upper location in the set of two color contour image data;

determine a bottom quadrant to be the sample bounding box that includes
the group of target pixel areas with the highest number of target pixel areas having
contour pixels;

determine whether a width of the target pixel areas included in the bottom
quadrant fits a face ellipse of an object;

determine whether a width of the target pixel areas included bottom
quadrant fits a face ellipse of an object;

determine that there is no stack present when the width does not fit the

face ellipse; and
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bounding box is empty. 41. The system of claim 40, wherein the at least one object evaluation
computing system is further configured to: determine a top bounding box based on the values of the
sample bounding box with the sample bounding box positioned such that the top streak of target
guadrants contained within the sample bounding box is empty; successively apply the sample
bounding box at successive intervals to find a sample quadrant that fits an elliptical pattern; determine
a list of coordinates of the target quadrants that intersect a top arc and a bottom arc of an imaginary
ellipse the size of the sample bounding box; determine a total number of target quads that overlap the
target quadrants of theléteaginary &lpterironHsdshonplef Hoe baiten gxaanahd eteemime thiigample
bounding. bﬁﬁé)?sitior] with the most number of overlaps as the top quadrants. 42. The system of
claim 41,% eiithé g??@ast one object evaluation computing system is further configured to:
determine a total number of objects in the stack by determining a difference in the bottom of the top

guadrant and a bottom) of a hgttom quadrant and a 82 mean/average height of an indiyidual object
ationalized 101 a distalibe BB A SUBFE R AL e R R DEME2 The
system afarapnting sybiereiis thethéleasifguesebject evaluation computing system is further configured
to: classify for each of the objects a number of pixels in a color pixel streak jo respectiye hue,
saturation, and brightEE RSB ALY t R T FoCRHORIERH Y (G ARARS 7 ARG BR the
number of pfixedsi ihictagler pixel stsagkacempessilofi@epudisatarhthelpisals hedwetion siatc and a

bottom arc of an ellipse of the object. 44. The system of claim 43, wherein the at least one object
evalat RGNS &R ROR TR SRR RE! areas contaned WitIn the Sampie

bounding box is empty.

41.  The system of claim 40, wherein the at least one object evaluation
computing system is further configured to:

determine a top bounding box based on the values of the sample
bounding box with the sample bounding box positioned such that the top streak of target
quadrants contained within the sample bounding box is empty;

successively apply the sample bounding box at successive intervals to
find a sample quadrant that fits an elliptical pattern;

determine a list of coordinates of the target quadrants that intersect a top
arc and a bottom arc of an imaginary ellipse the size of the sample bounding box;

determine a total number of target quads that overlap the target quadrants
of the imaginary ellipse from the sample bounding box; and

determine the sample bounding box position with the most number of

overlaps as the top quadrants.

42.  The system of claim 41, wherein the at least one object evaluation
computing system is further configured to:
determine a total number of objects in the stack by determining a

difference in the bottom of the top quadrant and a bottom of a bottom quadrant and a
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classify for each of the objects the number of pixels in the color pixel streak to respective fundamental
colors based on defined relationships between HSB values and a defined set of fundamental colors.
45. The system of claim 44, wherein the at least one object evaluation computing system is further
configured to: determine for each of the objects whether the classified fundamental colors of the color
pixel streak is in a set of color drift colors. 46. The system of claim 43, wherein the at least one object
evaluation computing system is further configured to: determine for each of the objects a value of the
object based on a determined fundamental color and a defined set of fundamental color to object
value reiaéan&hjpmgﬁ heightsystaninaivitual aﬁjedneaeibrmeed liemst distanbpebeévabratian computing
system is further confi ure t0: 83 r assn‘% ject nto a different color class based on a
determinAtion- At e & A0 5HRE BRI iﬁf 3 shadow in the pixelated color image. 48. The
system of claim 47 wherein the at least one object evaluation computing system is configured to

reclassify an object by etermini hether pixe p VIOUS cla 5|f| black surpass
a threshold regardlng 'SB) ?uggsgmg ﬁ@'@; é‘s%ﬂr?de ‘ﬁ%f} Reecp 1ed@é’|3e?mrbolor
class if tlaertmaﬁhglgly@temrpaaﬁeéraodft@eraﬁ Iaﬂst one object evaluation computing system may be
further configured to: rF -defermine e of the object b%sed fon thF reclassilflcatlon 84

classity for eac e objects a number of pixels in a color pixel streak to

respective hue, saturation, and brightness (HSB) values that represent the hue,
saturation and brightness of the number of pixels, the color pixel streak composed of a

subset of the pixels between a top arc and a bottom arc of an ellipse of the object.

44.  The system of claim 43, wherein the at least one object evaluation
computing system is further configured to:

classify for each of the objects the number of pixels in the color pixel
streak to respective fundamental colors based on defined relationships between HSB

values and a defined set of fundamental colors.

45.  The system of claim 44, wherein the at least one object evaluation
computing system is further configured to:
determine for each of the objects whether the classified fundamental

colors of the color pixel streak is in a set of color drift colors.

46. The system of claim 43, wherein the at least one object evaluation
computing system is further configured to:

determine for each of the objects a value of the object based on a
determined fundamental color and a defined set of fundamental color to object value

relationships.

47.  The system of claim 29 wherein the at least one object evaluation

computing system is further configured to:
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reclassify an object into a different color class based on a determination

that a color of the object is obscured by a shadow in the pixelated color image.

48.  The system of claim 47 wherein the at least one object evaluation
computing system is configured to reclassify an object by:

determining whether pixels of an object previously classified as black
surpass a threshold regarding (HSB) values of the pixels; and

reclassifying the object into a different color class if the threshold is
surpassed; and the at least one object evaluation computing system may be further
configured to:

re-determine a value of the object based on the reclassification.
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