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BACKGROUND 

Field 

This disclosure generally relates to image processing, and 20 

particularly to computationally processing images of a stack of objects.  

APPARATUS, METHOD AND ARTICLE FOR EVALUATING A STACK OF  OBJECTS IN AN IMAGE
CROSS-REFERENCE TO RELATED APPLICATION This application claims the benefit under 35
U.S.C.  119(e) of U.S. Provisional  5 Patent Application Serial No. 61/397,694 filed August 26, 2009
(previously U.S.  Nonprovisional Patent Application Serial No. 12/548,289 and converted by Petition
To Convert granted by Decision with notification date of April 29, 2010); and U.S.  Patent Application
Serial No. 12/820,885 filed June 22, 2010; both entitled  "APPARATUS, METHOD AND ARTICLE
FOR EVALUATING A STACK OF 10 OBJECTS IN AN IMAGE," and each of which is incorporated
herein by reference  in its entirety. COPYRIGHT NOTICE A portion of the disclosure of this patent
document contains material that is  subject to copyright protection. The copyright owner has no
objection to the 15 facsimile reproduction by anyone of the patent document or the patent disclosure,
as it appears in the Patent and Trademark Office patent files or records, but  otherwise reserves all
copyright rights whatsoever. BACKGROUND  Field 20 This disclosure generally relates to image
processing, and  particularly to computationally processing images of a stack of objects.  1 Description
of the Related Art Many businesses need to verify, inventory account or otherwise  evaluate for
merchandise, currency, tokens or other objects in the course of the  operations of the business. 5 For
example, a business may need to verify, inventory or account for  merchandise in a warehouse, which
may be stacked in one or more stacks. Such  merchandise may be in containers, for example boxes,
or may not. The 
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Description of the Related Art 

Many businesses need to verify, inventory account or otherwise 

evaluate for merchandise, currency, tokens or other objects in the course of the 

operations of the business. 

For example, a business may need to verify, inventory or account for 5 

merchandise in a warehouse, which may be stacked in one or more stacks.  Such 

merchandise may be in containers, for example boxes, or may not.  The 

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 

of which may be associated with some value, for instance of monetary value.  10 

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 

cumulative value of the objects.  Such is often performed by hand or by eye, with 15 

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 

proposed machine-vision based systems have not been commercially successful.  20 

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.   

BRIEF SUMMARY 25 

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 

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, 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
2 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 5 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  
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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 5 

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 10 

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 15 

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 20 

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 

playing surface of the gaming table. 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 include: comparing a set of pixilated color image 

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

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 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 3 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. The removing
irregularities from the set of two color contour image  5 data may include: subtracting the set of
pixilated color image data representing a  pixelated reference image of the area from the set of two
color contour image  
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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. 

The removing irregularities from the set of two color contour image 

data  may include: subtracting the set of pixilated color image data representing a 5 

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. 

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 10 

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 

compensate for camera distortion for one or more stacks of objects that are near 15 

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 

representing a pixelated reference  image of the area from the set of two color 20 

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 

set of two color contour image data to gray scale if the converting to gray scale 25 

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 

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
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  4 color contour image data
may further include: 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 5
number of pixels. 
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color contour image data may further include: 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. 5 

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 

data; and eliminating all pixels outside the area defined by the template at each 10 

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 

a total number of objects in the stack, determining a horizontal center of the stack 15 

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 

used to acquire the pixelated color image and an expected location of the stack, 20 

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 

further comprise reclassifying an object into a different color class based on a 25 

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 

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 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 threshold regarding (HSB) values of the pixels; and
reclassifying the object into a  different color class if the threshold is surpassed. The method of method
of  computationally processing images may further comprise re-determining a value of  the object
based on the reclassification. 
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threshold regarding (HSB) values of the pixels; and reclassifying the object into a 

different color class if the threshold is surpassed.  The method of method of 

computationally processing images may further comprise re-determining a value of 

the object based on the reclassification.  

Computationally preprocessing by at least one processor the set of 5 

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 

image data. 10 

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 

white contour image data. 15 

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 

at least a portion of the set of contour image data to a set of black and white 20 

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. 

Computationally preprocessing by at least one processor the set of 25 

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. 

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  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. 6
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  
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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 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 5 

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 

data if the target pixel area has less than a nearest neighboring threshold number 10 

of nearest neighboring target pixel areas. 

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 

bounding box at successive intervals to groups of target pixel areas of the set of 15 

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 

to be the sample bounding box that includes the group of target pixel areas with 20 

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 25 

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 

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 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 7 location of a bottom of the bottom quadrant by
traversing downwardly starting at a  location offset from the determined upper location until a last one
or more target  
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location of a bottom of the bottom quadrant by traversing downwardly starting at a 

location offset from the determined upper location until a last one or more target 

pixel areas found within a left and right boundary of the bottom quadrant. 

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 5 

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 

bounding box is empty. 10 

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 

bounding box positioned such that the top streak of target quadrants contained 15 

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; 

determining a total number of target quads that overlap the target quadrants of the 20 

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 

objects in the set of two color contour image data may include:  determining a total 25 

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. 

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  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. 8 Computationally processing by the at least one processor a portion
of  
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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 may include:  for each of the objects, classifying a number of pixels 5 

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. 

Computationally processing by the at least one processor a portion of 10 

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 

of pixels in the color pixel streak to respective fundamental colors based on 15 

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 

bottom of the stack of objects and the location of the top of the stack of objects to 20 

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 

the set of pixelated color image data based on the knowledge of the location of the 25 

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 

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 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  9 classified fundamental colors of the color
pixel streak are a defined primary  
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classified fundamental colors of the color pixel streak are a defined primary 

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 

bottom of the stack of objects and the location of the top of the stack of objects to 5 

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 

defined primary fundamental color or the defined secondary fundamental colors, 10 

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 

bottom of the stack of objects and the location of the top of the stack of objects to 15 

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. 

Computationally processing by the at least one processor a portion of 20 

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 

objects. 25 

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 

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 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 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 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 10 
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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 

color image; process using the at least one processor the set of two color contour 5 

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 10 

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 15 

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. 

The at least one object evaluation computing system may be further 20 

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 25 

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 

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 any objects are in 10 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  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  11 
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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 

image data by: color balancing a set of pixilated color image data representing a 5 

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 10 

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 15 

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 20 

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 

image data that are outside the at least portion of the area; and eliminating 25 

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 

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 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 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  



13 

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. 5 

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 

contour image data; and determine an estimated height of individual objects in the 10 

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 15 

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 

color image. 20 

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 

surpassed.  The at least one object evaluation computing system may be further 25 

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 

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 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 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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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 

target pixel areas, each of the target pixel areas including a set of n by m pixels. 5 

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 

if a total number of the contour pixels in the target pixel area is less that a 10 

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 

target pixel areas. 15 

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 

target pixel areas with contour pixels of the set of two color contour image data 20 

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 25 

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. 

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 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 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  
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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 

within the sample bounding box is empty. 5 

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 

apply the sample bounding box at successive intervals to find a sample quadrant 10 

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 15 

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 

a mean/average height of an individual object rationalized for a distance between 20 

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 

the hue, saturation and brightness of the number of pixels, the color pixel streak 25 

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 

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 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. 
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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 

fundamental colors of the color pixel streak are in a set of color drift colors. 5 

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 color to object 

value relationships. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 10 

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 

and positioned to improve drawing legibility.  Further, the particular shapes of the 15 

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 

object evaluation system and a surface on which a number of objects are stacked, 20 

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 

demarcated areas and object stacks, according to one illustrated embodiment. 25 

Figure 3B is a representation of an image section of the digital image 

of Figure 3A, according to one illustrated embodiment. 

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 color to object  value relationships. 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 
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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 

image, according to one illustrated embodiment. 5 

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 

image, according to one illustrated embodiment, which may be employed in 10 

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 

the image preprocessing of the method of Figure 5. 15 

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. 

Figure 7D is a flow diagram of a method of preprocessing a color 20 

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 

gray scale image, according to one illustrated embodiment, which may be 25 

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. 

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. 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  
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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 10A is a flow diagram of a method of locating a bottom of an 

object stack, locating a top of the object stack, and determining a number of 5 

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 10B is a flow diagram of a method of determining a horizontal 

center 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 10 

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 

the method of Figure 10A. 15 

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 

stack according to one illustrated embodiment, which may be employed in the 20 

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 

value for objects in an acquired image according to one illustrated embodiment, 25 

which may be employed in performing the cumulative total determination of the 

method of Figure 5. 

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 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 1 OA. 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 1 OA00.  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  
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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 

to determine a value according to one illustrated embodiment, including 5 

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 

order to provide a thorough understanding of various disclosed embodiments.  10 

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 

described in detail to avoid unnecessarily obscuring descriptions of the 15 

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, 

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

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 

various places throughout this specification are not necessarily all referring to the 25 

same embodiment.  Furthermore, the particular features, structures, or 

characteristics may be combined in any suitable manner in one or more 

embodiments. 

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.  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  



20 

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. 

The headings and Abstract of the Disclosure provided herein are for 5 

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.   

In particular, stacks of objects 102 (e.g., 102a-102d) are arranged on 10 

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 

stack where the outside edges (i.e., perimeters) of the objects align, or in an 15 

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 

visually represented by the object’s coloration.  In some embodiments, the 20 

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.   

The environment 100 may be subject to fluctuating lighting 25 

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 

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 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  
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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, 

light blue under brighter light conditions, or purple under a reddish light; a white 5 

object may appear yellowish under some lighting conditions.    

The environment 100 also includes an object evaluation system 110, 

which includes an image acquisition device 112 and an object evaluation computer 

system 114.  The image acquisition device 112 may be any of a variety of image 

acquisition devices, such as including cameras, for instance digital still cameras, 10 

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 

combination thereof configured to perform appropriate portions of object 15 

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 

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

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 

of the demarcated areas 108.  For example, in some embodiments, the image 25 

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 

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,  which includes an image acquisition device 112 and an object evaluation computer
system 114. The image acquisition device 112 may be any of a variety of image 10 acquisition
devices, such as including cameras, for instance digital still cameras,  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  
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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, 

such as where the surface 104 is transparent or translucent to at least some 5 

wavelengths of light. 

In one embodiment, the image acquisition device 112 is positioned 

and oriented to acquire or capture in a single image all the demarcated areas 108 

present on the surface 104 of the table 106.  Positioning and orienting the image 

acquisition device may also include configuring the image acquisition device 112 in 10 

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 

(none of which are shown) that is affixed to placed on, or otherwise carried by the 15 

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 

structure that may be affixed to or placed on the table 106.  In other embodiments, 20 

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.   

As described in more detail herein, the object evaluation computer 25 

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 

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 device 112 is positioned  and oriented to acquire or capture in a single image all the
demarcated areas 108  present on the surface 104 of the table 106. Positioning and orienting the
image 10 acquisition device may also include configuring the image acquisition device 112 in  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  
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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 

or more demarcated areas 108, if any.  Such processing of an image section of the 5 

pixelated color image corresponding to a demarcated area may include 

preprocessing the image section as a gray scale image to identify contour data, 

processing the contour data to determine a location of a top and a bottom of a 

stack of objects 102 located within a respective demarcated area 108, identifying a 

respective set of color pixels associated with each of the objects in the stack from 10 

the pixelated color image based on the located top and bottom of the stack, 

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 

object evaluation computer system 114 may account for color drift that may occur 15 

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 

the value associated with stacks of objects 102 present in any one of the 20 

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 

embodiments, the object evaluation computer system may provide information 25 

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 

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 processing of an image section of the  pixelated color image corresponding to a demarcated
area may include  preprocessing the image section as a gray scale image to identify contour data,
processing the contour data to determine a location of a top and a bottom of a  stack of objects 102
located within a respective demarcated area 108, identifying a 10 respective set of color pixels
associated with each of the objects in the stack from  the pixelated color image based on the located
top and bottom of the stack,  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 
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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 networks or combinations thereof, 

and may employ any one or more communications protocols, for example TCP/IP 5 

protocol, UDP protocols, IEEE 802.11 protocol, as well as other 

telecommunications or computer networking protocols. 

Although only a single object evaluation system 110 is shown in the 

illustrated embodiment of Figure 1, in other embodiments multiple object 

evaluation systems 110 may be provided, such that each system determines a 10 

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 

various of the demarcated areas 108 of the surface 104, or for acquiring or 15 

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 

contexts.  For example, in some embodiments, the described systems and 20 

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 

wagering games, such as games including, but not limited to, poker, blackjack, 25 

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 

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 networks or combinations thereof, 5 and may employ any one or more communications
protocols, for example TCP/IP  protocol, UDP protocols, IEEE 802.11 protocol, as well as other
telecommunications or computer networking protocols. Although only a single object evaluation
system 110 is shown in the  illustrated embodiment of Figure 1, in other embodiments multiple object
10 evaluation systems 110 may be provided, such that each system determines a  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  
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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 $25, black representing 

$100, purple representing $500, and yellow representing $1000.  In various 

embodiments, the coloration of a chip may be a single color, multiple colors, and/or 5 

color patterns appearing on the chip.   

In such an embodiment of the environment 100, the stacks of objects 

102 are bet stacks (e.g., stacks of one or more gambling chips), the table 106 is a 

gaming table with playing surface 104, and the demarcated areas 108 are betting 

circles.  During a wagering game, the players place respective bets by selecting a 10 

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 

amount that the player wagers at a given time.  15 

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 

of the wagering game to monitor betting patterns of one or more players, such as 20 

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. 

Figure 2 and the following discussion provide a brief, general 25 

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. 

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 $25, black representing  $100, purple representing $500, and yellow representing $1000.
In various 5 embodiments, the coloration of a chip may be a single color, multiple colors, and/or  color
patterns appearing on the chip. In such an embodiment of the environment 100, the stacks of objects
102 are bet stacks (e.g., stacks of one or more gambling chips), the table 106 is a  gaming table with
playing surface 104, and the demarcated areas 108 are betting 10 circles. During a wagering game,
the players place respective bets by selecting a  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. 
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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 

computer.  Those skilled in the relevant art will appreciate that the illustrated 

embodiments as well as other embodiments can be practiced with other computer 5 

system configurations, including handheld devices for instance Web enabled 

cellular phones or PDAs, multiprocessor systems, microprocessor-based or 

programmable consumer electronics, personal computers (“PCs”), network PCs, 

minicomputers, mainframe computers, and the like.  The embodiments can be 

practiced in distributed computing environments where tasks or modules are 10 

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 

more object evaluation computers 204 (only one illustrated in Figure 2).  The 15 

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 

processing unit 206.  The object evaluation computer 204 will at times be referred 20 

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 

Pentium series microprocessor from Intel Corporation, U.S.A., a PowerPC 25 

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. 

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  computer. Those skilled in the relevant art will appreciate that the illustrated 5
embodiments as well as other embodiments can be practiced with other computer  system
configurations, including handheld devices for instance Web enabled  cellular phones or PDAs,
multiprocessor systems, microprocessor-based or  programmable consumer electronics, personal
computers ("PCs"), network PCs,  minicomputers, mainframe computers, and the like. The
embodiments can be 10 practiced in distributed computing environments where tasks 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  
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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 integrated circuits (ASICs), field 

programmable gate arrays (FPGAs), etc.  Unless described otherwise, the 

construction and operation of the various blocks shown in Figure 2 are of 5 

conventional design.  As a result, such blocks need not be described in further 

detail herein, as they will be understood by those skilled in the relevant art. 

The system bus 210 can employ any known bus structures or 

architectures, including a memory bus with memory controller, a peripheral bus, 

and a local bus.  The system memory 208 includes read-only memory (“ROM”) 10 

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 

data, instructions and power. 15 

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 

or a DVD, while the magnetic disk 228 can be a magnetic floppy disk or diskette.  20 

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 

is known by those skilled in the relevant art.  The drives 218, 222, 224, and their 25 

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 

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 integrated circuits (ASICs), field  programmable gate arrays (FPGAs), etc. Unless
described otherwise, the 5 construction and operation of the various blocks shown in Figure 2 are of
conventional design. As a result, such blocks need not be described in further  detail herein, as they
will be understood by those skilled in the relevant art. The system bus 210 can employ any known bus
structures or  architectures, including a memory bus with memory controller, a peripheral bus,  10 and
a local bus. The system memory 208 includes read-only memory ("ROM") 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 or a 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  
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accessible by a computer, such as magnetic cassettes, flash memory cards, 

Bernoulli cartridges, RAMs, ROMs, smart cards, etc. 

Program modules can be stored in the system memory 208, such as 

an operating system 230, one or more application programs 232, other programs 

or modules 234, drivers 236 and program data 238. 5 

The application programs 232 may, for example, include image 

acquisition logic 232a, image preprocessing logic 232b, locate object logic 232c, 

and color classification logic 232d.  The logic 232a-232d may, for example, be 

stored as one or more executable instructions.   

As discussed in more detail below, the image acquisition logic 232a 10 

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 

readable medium for processing as described below.  The image acquisition logic 15 

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 

two-color contour data from a section of the acquired or captured digital color 20 

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 

more detail below, the locate object logic 232c may include logic or instructions to 25 

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 

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 cassettes, flash memory cards,  Bernoulli cartridges, RAMs, ROMs, smart cards, etc.
Program modules can be stored in the system memory 208, such as  an operating system 230, one or
more application programs 232, other programs  5 or modules 234, drivers 236 and program data 238.
The application programs 232 may, for example, include image  acquisition logic 232a, image
preprocessing logic 232b, locate object logic 232c,  and color classification logic 232d. The logic
232a-232d may, for example, be  stored as one or more executable instructions. 10 As discussed in
more detail below, the image acquisition logic 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  
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to identify a set of color pixels associated with each of the one or more objects in 

the stack, automatically determine a color classification for each of the objects, and 

determine a cumulative value for the stack based on the color classifications of 

each object.  The relationship between an object’s color classification and a value 

may be based on a known/configured relationship between colors and associated 5 

values.  Furthermore, the color classification logic may compensate for various 

lighting conditions in the environment 100, so as to allow objects imaged in the 

acquired digital color image to be appropriately classified even in an environment 

with fluctuating lighting conditions in which color drift may occur.  Such application 

programs 232 may execute the logic 232a-232d as methods or processes set out 10 

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 

configure the location of demarcated areas within images, the expected size of 15 

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 

programs 240 that permit the object evaluation computer 204 to access and 20 

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, 

the operating system 230, application programs 232, other programs/modules 234, 25 

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.  

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  28 to identify a set of color pixels associated with each of the
one or more objects in  the stack, automatically determine a color classification for each of the objects,
and  determine a cumulative value for the stack based on the color classifications of  each object. The
relationship between an object's color classification and a value 5 may be based on a
known/configured relationship between colors and associated  values. Furthermore, the color
classification logic may compensate for various  lighting conditions in the environment 100, so as to
allow objects imaged in the  acquired digital color image to be appropriately classified even in an
environment  with fluctuating lighting conditions in which color drift may occur. Such application 10
programs 232 may execute the logic 232a-232d as methods or processes set out  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  
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A user can enter commands and information into the object evaluation 

computer 204 through input devices such as a touch screen or keyboard 242, a 

pointing device such as a mouse 244, a push button (not shown), and/or foot-control 

(not shown).  Other input devices can include a microphone, joystick, game pad, 

tablet, scanner, biometric scanning device, etc.  These and other input devices are 5 

connected to the processing unit 206 through an interface 246 such as a universal 

serial bus (“USB”) interface that couples to the system bus 210, although other 

interfaces such as a parallel port, a game port or a wireless interface or a serial port 

may be used.  A monitor 248 or other display device is coupled to the system bus 

210 via a video interface 250, such as a video adapter. 10 

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 

object evaluation computer 204.  In this illustrated embodiment, the image 15 

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.  

Furthermore, although not illustrated here, the object evaluation 20 

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 

otherwise coupled to the image acquisition device 262.  Further, image acquisition 25 

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. 

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  computer 204 through input devices such as a touch screen or keyboard 242, a
pointing device such as a mouse 244, a push button (not shown), and/or foot-control  (not shown).
Other input devices can include a microphone, joystick, game pad, 5 tablet, scanner, biometric
scanning device, etc. These and other input devices are  connected to the processing unit 206 through
an interface 246 such as a universal  serial bus ("USB") interface that couples to the system bus 210,
although other  interfaces such as a parallel port, a game port or a wireless interface or a serial port
may be used. A monitor 248 or other display device is coupled to the system bus 10 210 via a video
interface 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. 
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In some embodiments, the object evaluation computer 204 operates 

in an environment 100 (Figure 1) using one or more of the logical connections to 

optionally communicate with one or more remote computers, servers and/or other 

devices via one or more communications channels, for example, one or more 

networks such as the network 214.  These logical connections may facilitate any 5 

known method of permitting computers to communicate, such as through one or 

more LANs and/or WANs.  Such networking environments are well known in wired 

and wireless enterprise-wide computer networks, intranets, extranets, and the 

Internet.  For example, in some embodiments, the object evaluation computer 204 

may communicate with one or more additional image acquisition devices (not 10 

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 

device, such as to receive indications to acquire or capture and/or evaluate 15 

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 

communications over the network 214.  Further, the database interface 252, which 20 

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 

information, etc.  In some embodiments, the database interface 252 may 25 

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 

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 evaluation computer 204 operates  in an environment 100 (Figure 1) using
one or more of the logical connections to  optionally communicate with one or more remote computers,
servers and/or other  devices via one or more communications channels, for example, one or more 5
networks such as the network 214. These logical connections may facilitate any  known method of
permitting computers to communicate, such as through one or  more LANs and/or WANs. Such
networking environments are well known in wired  and wireless enterprise-wide computer networks,
intranets, extranets, and the  Internet. For example, in some embodiments, the object evaluation
computer 204 10 may communicate with one or more additional image acquisition 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 
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network connections shown in Figure 2 are only some examples of ways of 

establishing communications between computers, and other connections may be 

used, including wirelessly.  In some embodiments, program modules, application 

programs, or data, or portions thereof, can even be stored in other computer 

systems or other devices (not shown). 5 

For convenience, the processing unit 206, system memory 208, 

network port 256 and interfaces 246, 252 are illustrated as communicatively 

coupled to each other via the system bus 210, thereby providing connectivity 

between the above-described components.  In alternative embodiments of the 

object evaluation computer 204, the above-described components may be 10 

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 

the components are coupled directly to each other using suitable connections. 15 

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 

and described as having a circular shape.  It will be appreciated that in other 20 

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 

context for description of embodiments of an object evaluation routine described 25 

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, 

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 31 network
connections shown in Figure 2 are only some examples of ways of  establishing communications
between computers, and other connections may be  used, including wirelessly. In some embodiments,
program modules, application  programs, or data, or portions thereof, can even be stored in other
computer 5 systems or other devices (not shown). For convenience, the processing unit 206, system
memory 208,  network port 256 and interfaces 246, 252 are illustrated as communicatively  coupled to
each other via the system bus 210, thereby providing connectivity  between the above-described
components. In alternative embodiments of the 10 object evaluation computer 204, the
above-described components 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.  
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blue), with various of the objects appearing in the image 300 having corresponding 

color information that is represented in the pixel data of image 300.  

Figure 3A is a representation of a pixelated color image 300 of the 

surface 104, including demarcated areas 108 and object stacks 102, according to 

one illustrated embodiment.  The image 300 may be acquired or captured by the 5 

image acquisition device 112 (Fig. 1), such as for processing by the object 

evaluation computing system 114 (Fig. 1) to evaluate one or more stacks of 

objects presented in the image.  In this example of the pixelated image 300, each 

of the stacks of objects 102 is located within a respective demarcated area 108, 

with stack 102a having five objects, stack 102b having two objects, stack 102c 10 

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.   

As is shown in Figure 3A, the image 300 has been acquired or 15 

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 

the image.  In at least one embodiment, where the objects are cylindrical (e.g., 20 

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 

300 are shown in Figure 3A.  Each of the image sections 304 corresponds to a 25 

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 

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, 32 blue), with various of the objects appearing in the image
300 having corresponding  color information that is represented in the pixel data of image 300. Figure
3A is a representation of a pixelated color image 300 of the  surface 104, including demarcated areas
108 and object stacks 102, according to  5 one illustrated embodiment. The image 300 may be
acquired or captured by the image acquisition device 112 (Fig. 1), such as for processing by the object
evaluation computing system 114 (Fig. 1) to evaluate one or more stacks of  objects presented in the
image. In this example of the pixelated image 300, each  of the stacks of objects 102 is located within
a respective demarcated area 108, 10 with stack 102a having five objects, stack 102b having two
objects, stack 102c  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  
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more objects present (if any) in the demarcated area 108a.  Image sections 304b-

304g respectively correspond to demarcated areas 108b-108g.  Each of the image 

sections 304 includes an area of the image 300 that substantially encompasses a 

respective demarcated area 108 and a stack of one or more objects 102 that may 

be present in the respective demarcated area.  In some embodiments, the image 5 

sections 304 may be defined by a user during a manual configuration process. 

In various embodiments, the image 300 may be comprised of various 

amounts of digital image data (e.g., pixel data).  As one example, the image 300 

may correspond to a 3.1 megapixel image, which is approximately comprised of 

2048x1536 pixels, although other image sizes may be used (e.g., 2 megapixel, 8 10 

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 

being the vertical axis and increasing towards the bottom of the illustrated digital 15 

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 

illustrated embodiment, each of the image sections may be defined as having an 20 

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 

coordinate systems may be used.  Furthermore, the sizes and shapes of the image 25 

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 

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
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  33 more objects present (if any) in the
demarcated area 108a. Image sections 304b- 304g respectively correspond to demarcated areas
108b-108g. Each of the image  sections 304 includes an area of the image 300 that substantially
encompasses a  respective demarcated area 108 and a stack of one or more objects 102 that may 5
be present in the respective demarcated area. In some embodiments, the image  sections 304 may be
defined by a user during a manual configuration process. In various embodiments, the image 300 may
be comprised of various  amounts of digital image data (e.g., pixel data). As one example, the image
300  may correspond to a 3.1 megapixel image, which is approximately comprised of 10 2048x1536
pixels, although other image sizes may be used (e.g., 2 megapixel, 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=O, 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 being 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  
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having larger dimensions (e.g., a larger number of pixels), such as by digitally 

zooming the image section 304. 

Figure 3B shows a representation of the image section 304c of the 

image 300 (Fig. 3A).  The upper-left corner of the image section 304c corresponds 

to pixel position (x0, y0) from the image 300, which corresponds to the pixel 5 

position of the upper-left corner of the image section 304c illustrated in Figure 3A.  

In particular, in Figure 3B the image section 304c includes the object stack 102b 

present in the demarcated area 108c.  The top and bottom of the demarcated area 

are indicated respectively as 354 and 356.  In this illustrated example, the object 

stack 102b includes two objects, with a chip 364 being at the top of the stack 102b, 10 

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 

positioned within the demarcated area 108c, the bottom object 366 of the stack 15 

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 

section 304c.  In particular, the bounding box 370 is a rectangle that closely 20 

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 

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

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 

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 34 having larger dimensions (e.g., a larger number
of pixels), such as by digitally  zooming the image section 304. Figure 3B shows a representation of
the image section 304c of the  image 300 (Fig. 3A). The upper-left corner of the image section 304c
corresponds  5 to pixel position (xo, yo) from the image 300, which corresponds to the pixel position of
the upper-left corner of the image section 304c illustrated in Figure 3A.  In particular, in Figure 3B the
image section 304c includes the object stack 102b  present in the demarcated area 108c. The top and
bottom of the demarcated area  are indicated respectively as 354 and 356. In this illustrated example,
the object 10 stack 102b includes two objects, with a chip 364 being at the top of the stack 102b,  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  
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within the demarcated area 108c when imaged.  For example, in some 

embodiments, the bounding box may be predefined during a calibration process, in 

which a user places a representative object within the demarcated area 108c, the 

object is imaged, and the bounding box is determined based on the resulting 

image (e.g., automatically and/or manually). 5 

Indication 372 shows a height of a single object (e.g., the height of 

the bottom object 366) as it appears in the image section 304c.  The height of the 

object as it appears in the image section may be predefined, such as based on a 

single object as it appears in the image section when the object positioned within 

the demarcated area (e.g., such as during a calibration/training process).  In some 10 

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 

applicable in cases where object stacks are skewed or otherwise irregularly 15 

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 

of embodiments of an object evaluation routine described with respect to Figures 20 

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 

area of the image section -- target pixel areas are variously referred to as “target 25 

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 

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 35 within the demarcated area 108c when imaged. For example, in some
embodiments, the bounding box may be predefined during a calibration process, in  which a user
places a representative object within the demarcated area 108c, the  object is imaged, and the
bounding box is determined based on the resulting 5 image (e.g., automatically and/or manually).
Indication 372 shows a height of a single object (e.g., the height of  the bottom object 366) as it
appears in the image section 304c. The height of the  object as it appears in the image section may be
predefined, such as based on a  single object as it appears in the image section when the object
positioned within 10 the demarcated area (e.g., such as during a 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  
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some embodiments, the size of the n by m target pixel area may be configurable, 

such as based on the lighting conditions in the imaging environment.   

In one embodiment, the set of target pixel areas spans the entire 

portion of the image section that may be considered as part of locating a stack of 

one or more objects (e.g., identifying a top and/or bottom of the stack) positioned 5 

within the demarcated area in the associated image section.  For example, in a 

typical embodiment, the set of target pixel areas may span from the leftmost visible 

portion of the demarcated area to the rightmost visible portion of the demarcated 

area (e.g., column 420 corresponds to the leftmost portion of the demarcated area, 

and column 422 corresponds to the rightmost portion of the demarcated area), and 10 

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 

visible portion of the demarcated area).   15 

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 (x0, y0) to (x0+9, y0+9) of the associated image section, while a target 

pixel area 402b corresponds to a pixel area that includes pixel coordinates (x0+10, 20 

y0) to (x0+19, y0+9), and a target pixel area 402c corresponds to a pixel area 

covering pixel coordinates (x0, y0+10) to (x0+9, y0+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 

example, the eight target pixel areas 416 surrounding the target pixel area 402d 25 

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 

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 36 some embodiments, the size
of the n by m target pixel area may be configurable,  such as based on the lighting conditions in the
imaging environment. In one embodiment, the set of target pixel areas spans the entire  portion of the
image section that may be considered as part of locating a stack of  5 one or more objects (e.g.,
identifying a top and/or bottom of the stack) positioned within the demarcated area in the associated
image section. For example, in a  typical embodiment, the set of target pixel areas may span from the
leftmost visible  portion of the demarcated area to the rightmost visible portion of the demarcated  area
(e.g., column 420 corresponds to the leftmost portion of the demarcated area, 10 and column 422
corresponds to the rightmost portion of the demarcated area), and  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 
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image section may be read along with its eight neighboring pixels (e.g., a 3x3 pixel 

kernel) to determine whether the pixel corresponds to contour, such as by 

evaluating the contrast between various of the neighboring pixels.  Each pixel that 

is identified as a contour pixel is associated with an appropriate target pixel area of 

the set of target pixel areas 402 that corresponds to the identified pixel’s 5 

coordinates, such as based on the identified pixel’s coordinates being within the 

target pixel area.  After the contour pixels are subdivided into the set of target pixel 

areas 402 in such a manner, the object evaluation system may then utilize the set 

of target pixel areas 402 as part of locating a stack of one or more objects and 

identifying image data corresponding to each object in the stack, such as locating 10 

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 

perimeter of the object, such as the perimeter area 412 corresponding to the top 15 

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.  

In particular, the preprocessing of the image section 304c may detect contours 20 

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 

the bottom object 366, and edges 407 corresponding to the sides of the objects, 25 

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. 

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, y0+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, 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 37 image section may be read along with its eight neighboring pixels (e.g.,
a 3x3 pixel  kernel) to determine whether the pixel corresponds to contour, such as by  evaluating the
contrast between various of the neighboring pixels. Each pixel that  is identified as a contour pixel is
associated with an appropriate target pixel area of 5 the set of target pixel areas 402 that corresponds
to the identified pixel's  coordinates, such as based on the identified pixel's coordinates being within
the  target pixel area. After the contour pixels are subdivided into the set of target pixel  areas 402 in
such a manner, the object evaluation system may then utilize the set  of target pixel areas 402 as part
of locating a stack of one or more objects and 10 identifying image data corresponding to each object
in the stack, such as 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  
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Each pixel of the image section 304c that is determined to 

correspond to a contour is assigned into a corresponding target pixel area in the 

set of target pixel areas 402.  For the purposes of illustration, it may be assumed 

that contours are detected corresponding to each of the edges 404-408.  As such, 

any of the target pixel areas that are intersected by one of the edges 404-408 5 

include contour pixels corresponding to a portion of the edge that intersects the 

target pixel area.  For example, the target pixel area 402d includes contour pixels 

corresponding to the portion of the edge 408 that intersects the target pixel area 

402d.   

Target pixel areas that do not include any detected contour pixels are 10 

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 

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

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 

items/information that appears within the image section (e.g., objects or items in 20 

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 

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

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., 

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. 38 Each pixel of the image section 304c that is determined to  correspond to
a contour is assigned into a corresponding target pixel area in the  set of target pixel areas 402. For
the purposes of illustration, it may be assumed  that contours are detected corresponding to each of
the edges 404-408. As such, 5 any of the target pixel areas that are intersected by one of the edges
404-408  include contour pixels corresponding to a portion of the edge that intersects the  target pixel
area. For example, the target pixel area 402d includes contour pixels  corresponding to the portion of
the edge 408 that intersects the target pixel area  402d. 10 Target pixel areas that do not include any
detected 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  
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such as the calibrated bounding box 370 of Figure 3B).  Another embodiment of a 

sample bounding box 419 is also being applied to another group of target pixel 

areas.  The sample bounding box 419 has a height that corresponds to the height 

of the demarcated area (e.g., from the top to the bottom of the demarcated area) 

as it appears in the image section and a width that corresponds to the width of the 5 

object face.  The sample bounding boxes 418 and 419 may be used to define 

groups of target pixel areas of the set of target pixel areas 402, such as for the 

purposes of locating and/or identifying one or more features of a stack of objects 

that may be present in the imaged demarcated area, such as described in more 

detail elsewhere.    10 

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 

imaging environment, as low light images may tend to have low contrast which 15 

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, 

although the set of target areas 402 is illustrated as subdividing an entire image 20 

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, 

respectively) to facilitate evaluating a stack of objects in an image, according to 25 

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.     

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., 39 such
as the calibrated bounding box 370 of Figure 3B). Another embodiment of a  sample bounding box 419
is also being applied to another group of target pixel  areas. The sample bounding box 419 has a
height that corresponds to the height  of the demarcated area (e.g., from the top to the bottom of the
demarcated area) 5 as it appears in the image section and a width that corresponds to the width of the
object face. The sample bounding boxes 418 and 419 may be used to define  groups of target pixel
areas of the set of target pixel areas 402, such as for the  purposes of locating and/or identifying one
or more features of a stack of objects  that may be present in the imaged demarcated area, such as
described in more  10 detail elsewhere. Furthermore, although the embodiment of Figures 4A and 4B  
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At 504, the method may preprocess at least a section of the acquired 

color image that corresponds to the at least one demarcated area to produce a set 

of two color contour image data for the section of the acquired color image.  In 

particular, the two color contour image data includes pixels having a first color that 

corresponds to contour pixels and pixels having a second color that corresponds to 5 

non-contour pixels.  For example, in some embodiments, white pixels correspond 

to contour pixels and black pixels correspond to non-contour pixels.  In addition, in 

some embodiments, the at least a section of the acquired color image may include 

a sub-portion of the acquired color image, while in other embodiments, the at least 

a portion may include the entire acquired color image.  10 

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 

bottom of the stack within the image section, as well as determine how many 15 

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 

objects that are present in the stack, such as based on the determined location of 20 

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 

total value for the stack.   25 

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 

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. 40 At 504, the method may preprocess at least a section of the acquired
color image that corresponds to the at least one demarcated area to produce a set  of two color
contour image data for the section of the acquired color image. In  particular, the two color contour
image data includes pixels having a first color that 5 corresponds to contour pixels and pixels having a
second color that corresponds to  non-contour pixels. For example, in some embodiments, white pixels
correspond  to contour pixels and black pixels correspond to non-contour pixels. In addition, in  some
embodiments, the at least a section of the acquired color image may include  a sub-portion of the
acquired color image, while in other embodiments, the at least  10 a portion may include the entire
acquired color image. 
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image, with each of the identified image sections corresponding respectively to a 

particular demarcated area of the multiple demarcated areas, and process each of 

the image sections to evaluate a respective stack of objects that may be present in 

the image section, such as by performing steps 504-508 for each of the multiple 

image sections.  5 

Figure 6 shows a method 600 of acquiring or capturing an image, 

according to one illustrated embodiment.  The method 600 may be employed in 

performing the image acquisition of method 500 (Fig. 5). 

At 602, an image acquisition device may acquire or capture a 

pixelated color image of one or more demarcated areas on a surface of a table.  10 

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 

as described elsewhere.  15 

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). 

At 702, the method may generate a gray scale image from the 20 

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 

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

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 

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 41 image, with each of the identified image sections corresponding
respectively to a  particular demarcated area of the multiple demarcated areas, and process each of
the image sections to evaluate a respective stack of objects that may be present in  the image section,
such as by performing steps 504-508 for each of the multiple 5 image sections. Figure 6 shows a
method 600 of acquiring or capturing an image,  according to one illustrated embodiment. The method
600 may be employed in  performing the image acquisition of method 500 (Fig. 5). At 602, an image
acquisition device may acquire or capture a 
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image data produced by associating edge pixels with a first color and non-edge 

pixels with a second color.  In at least one embodiment, edge pixels may be 

associated with white pixels, while non-edges may be associated with black pixels.  

Other colors may, of course, be used in other embodiments.  

At 706, the method may eliminate noise from the two color contour 5 

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 7B shows a method 708 of preprocessing a color image, 

according to one illustrated embodiment, which may be employed in performing 10 

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 

pixilated data. This may be performed by comparing a set of pixilated color image 15 

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 

be subtracted from the acquired or captured color image including the stack of 20 

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 

the section of the acquired or captured color image resulting from the subtraction 25 

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 

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 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 42 image
data produced by associating edge pixels with a first color and non-edge  pixels with a second color. In
at least one embodiment, edge pixels may be  associated with white pixels, while non-edges may be
associated with black pixels.  Other colors may, of course, be used in other embodiments. 5 At 706,
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. 
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components (e.g., red, green, and blue) of the pixel and using the estimated 

luminance to determine a gray scale value for the pixel. 

At 714, 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 5 

image data produced by associating edge pixels with a first color and non-edge 

pixels with a second color.  In at least one embodiment, edge pixels may be 

associated with white pixels, while non-edges may be associated with black pixels.  

Other colors may, of course, be used in other embodiments.  

At 716, the method may eliminate noise from the two color contour 10 

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 

including details of optionally performing reference image subtraction pre-15 

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. 

At 720, the method optionally color balances the image to have it 20 

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 

pixelated color image that includes the stack of objects.   25 

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 

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 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 43 components (e.g., red, green, and blue) of the pixel and using the estimated
luminance to determine a gray scale value for the pixel. At 714, 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  5 by applying an edge detection filter to the gray scale image, with the two color image data
produced by associating edge pixels with a first color and non-edge  pixels with a second color. In at
least one embodiment, edge pixels may be  associated with white pixels, while non-edges may be
associated with black pixels.  
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compensate for camera distortion for one or more stacks of objects that are near 

edges of the two color contour image data. 

At 724, the method may align the image and reference image (also 

referred to as image registration) to account for camera movement.  In reference to 

the present example, the method may align the set of pixilated color image data 5 

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 726, the method may then subtract the reference image from the 

image.  In reference to the present example, the method may subtract the set of 10 

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 

background color of the original image to the image resulting from the subtraction 15 

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.   

Figure 7D shows a method 730 of preprocessing a color image 20 

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 

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

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 

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 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  44 compensate for camera distortion for one or more stacks of objects that are near
edges of the two color contour image data. At 724, the method may align the image and reference
image (also  referred to as image registration) to account for camera movement. In reference to  5 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. 
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have it more closely match the set of two color contour image data of the acquired 

pixelated color image that includes the stack of objects.   

At 734, 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 5 

compensate for camera distortion for one or more stacks of objects that are near 

edges of the two color contour image data. 

At 736, the method may align the image and reference image to 

account for camera movement (also referred to as image registration).  In 

reference to the present example, the method may align the set of pixilated color 10 

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 

reference image to grayscale.  In reference to the present example, the method 15 

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 

whether it is likely to improve accuracy of the determining of the total number of 20 

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. 

At 740, the method may then subtract the reference image from the 25 

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 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 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  45 have it more
closely match the set of two color contour image data of the acquired  pixelated color image that
includes the stack of objects. At 734, the method optionally rotates the image to compensate for
camera distortion for stacks that are near the edges of the image. In reference to  5 the present
example, the set of two color contour image data may be rotated to compensate for camera distortion
for one or more stacks of objects that are near  edges of the two color contour image data. 



47 

 At 742, the method may add back an element of average 

background color (or gray scale value) 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 5 

representing an element of average background color (or gray scale value) of the 

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 

method 700 (Fig. 7A) as part of preprocessing an image section. 10 

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 

detection filter, the output gray scale pixel values range from black (indicating no or 15 

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 

embodiment, the method may read a sample pixel and its eight neighboring pixels 20 

(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. 

At 804, the method may determine HSB (hue, saturation, and 25 

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 

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  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. 46 At 742, the
method may add back an element of average  background color (or gray scale value) 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 5 resulting
from the subtraction of the reference image data, image data  representing an element of average
background color (or gray scale value) of the  
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white indicating that the pixel is an edge pixel and black indicating that the pixel is 

not an edge pixel (or at least not an edge pixel of interest).  In some embodiments, 

the pixels may be classified as either black or white based on the intensity of one 

or more of their HSB values with respect to a range of HSB values.  For example, 

the method may classify pixels having HSB brightness values within a lower range 5 

(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 

associated with the image section.  As previously described with respect to Figure 10 

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 

embodiment, the set of target pixel areas only includes pixels that are determined 15 

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 

contour image data, according to one illustrated embodiment, which may be 20 

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 

may remove at least some of the edge pixels (white pixels) from the two color 25 

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 

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 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  47 white indicating that the pixel is an edge
pixel and black indicating that the pixel is  not an edge pixel (or at least not an edge pixel of interest).
In some embodiments,  the pixels may be classified as either black or white based on the intensity of
one  or more of their HSB values with respect to a range of HSB values. For example, 5 the method
may classify pixels having HSB brightness values within a lower range  
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may reduce the number of target pixel areas of the set of target pixel areas that 

have associated white pixels. 

At 902, the method may remove white pixels from the two color 

contour image data if the white pixels are assigned to a target pixel area that 

contains less than a threshold number of white pixels, essentially making such 5 

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 

do not have a threshold number of neighboring target pixel areas that contain 10 

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 

areas that are within a close proximity to the target pixel area being evaluated, but 15 

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. 

Figure 9B shows a method 906 of eliminating noise from two color 20 

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 

image section. 25 

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. 

(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 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  48 may reduce the
number of target pixel areas of the set of target pixel areas that  have associated white pixels. At 902,
the method may remove white pixels from the two color  contour image data if the white pixels are
assigned to a target pixel area that  
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At 910, pixels may be eliminated 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.  In particular, one way this may be accomplished is by 

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

image data and then counting a number of contour pixels within an area defined by 5 

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. 

Figure 10A shows a method 1000 of processing image data 10 

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). 

At 1002, the method may search for a bottom of the stack of objects 15 

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 20 

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 

a new image of the demarcated area.  As used herein and in the claims, a stack 25 

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, 

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 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. 49 At 910, pixels may be eliminated 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. In particular, one way this may be accomplished is by  
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such as by analyzing 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 5 

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 

(e.g., streak 410 of Figure 4A).   10 

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 

of an object stack, locating a bottom of the object stack, locating a top of the object 15 

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 

based on the overall concentration of remaining contours/pixels in the image.  In 20 

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 

located in the demarcated area, such as by analyzing two color contour data 25 

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 

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 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 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
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,  50 such as by analyzing the two color contour data to
identify contour data that likely  corresponds to the top of the stack of objects. For example, in some  
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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 

a new image of the demarcated area.  As used herein and in the claims, a stack 5 

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, 

such as by analyzing the two color contour data to identify contour data that likely 10 

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 

based on knowledge of the location of the bottom of the stack determined at 1002 15 

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).   

At 1016, the method may adjust the expected height of stack objects 20 

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 

between an image acquisition device used to acquire the pixelated color image 25 

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. 

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 the top and bottom of the stack of  objects. Figure 1 OB 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 51 positioned within the demarcated area. If the bottom
of the stack is not located,  
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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 

stack within a demarcated area according to one illustrated embodiment, which 5 

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 

method 900 (Fig. 9A).     10 

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 

demarcated area that potentially correspond to the bottom of a stack of objects.  In 15 

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 

height of the demarcated area as it appears in the image and a width that 20 

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 

left to right, so as to define candidate groups of target pixel areas within the entire 25 

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). 

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 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. 52 
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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 

encompasses the group of target pixel areas that potentially includes contour data 5 

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 

within the bottom quadrant from the X coordinate of the leftmost target pixel area 10 

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 

example, the method may compare the width determined at 1108 to a known width 15 

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 

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

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 

ellipse, the method may determine at 1114 the bottom of the bottom quadrant, 25 

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 

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 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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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 

top of the stack, perform color classification, etc.).   5 

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 object face, such as sample bounding box 

418 (Fig. 4B), and in such cases may be iteratively applied to target pixel areas 10 

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, 

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

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). 

At 1202, the method may traverse downwardly (in the positive Y 20 

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 

area refers to one or more target pixel areas of the set of target pixel areas that 25 

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 

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 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  
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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 

some embodiments, the method may start at the top of the bottom quadrant and/or 5 

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 area.  Such is possible 

since, based on the angle at which the image is acquired or captured, it may be 

certain that a front edge (i.e., edge closest to the image acquisition device) of a 10 

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 

elliptical contour at a maximum Y position within the demarcated area that 15 

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 

1000 (Fig. 10A).  In particular, in this embodiment, the method 1300 may process 20 

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 

bottom of the bottom quadrant of the set of target pixel areas, the sample bounding 25 

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 

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 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  
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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 

areas, such as where all the target pixel areas in the top row are empty.  In other 5 

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 on where the stack of objects is positioned within the demarcated area 

and/or depending on the number of the objects in the stack, the top streak of 

empty target pixel areas may be located above the demarcated area.      10 

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 

section is reached.  For example, in some embodiments the sample bounding box 15 

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 

bounding box that encompasses a group of target pixel areas that potentially 20 

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 

(in the positive Y direction), such as by a single row of target pixel areas. 25 

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 

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 area. Such is possible  since, based on the angle at which the image is acquired or
captured, it may be 10 certain that a front edge (i.e., edge closest 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  
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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 

the imaginary ellipse.  It will be appreciated that in other embodiments, the objects 5 

may be of other shapes and/or have faces with shapes other than ellipses (e.g., 

rectangular, pentagonal, octagonal, etc.), and in such embodiments, the sample 

bounding box may be used to define an imaginary shape corresponding to the 

appropriate shape of the face of such objects. 

At 1316, the method may determines the number of the target pixel 10 

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 

the largest number of overlaps.  For example, the method may iteratively move the 15 

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 

identify the sample bounding box that has the largest determined number of 20 

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. 

In some embodiments, if the method 1300 is unable to find a sample 25 

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, 

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 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 on where the stack of objects is positioned within the demarcated area  and/or depending
on the number of the objects in the stack, the top streak of 10 empty target pixel areas may be located
above the demarcated 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. 
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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. 

Figure 14 shows a method 1400 of determining a number of objects 5 

in an object stack, which may be employed in the method of Figure 10A00. In 

particular, in this embodiment, the method 1400 may be performed after methods 

1100 (Fig. 11), 1200 (Fig. 12), and 1300 (Fig. 13) have been performed to locate 

the bottom quadrant and the top quadrant. 

At 1402, the method may subtract the bottom of the top quadrant 10 

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 

at the bottom of the top quadrant.  The bottom of the bottom quadrant may be a 15 

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 

bottom edge (e.g., bottom edge ellipse) of an object positioned at the bottom of the 20 

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 

respect to the image acquisition device).  The result of the division is determined to 25 

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). 

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 embodiments, the objects  may be of other shapes and/or have faces with shapes other than
ellipses (e.g.,  rectangular, pentagonal, octagonal, etc.), and in such embodiments, the sample
bounding box may be used to define an imaginary shape corresponding to the  appropriate shape of
the face of such objects. 10 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. 
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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 

pixels.  The pixels may be identified based on a determined knowledge of the 5 

location of the top and bottom of the object stack, such as locations determined in 

the method 1000 (Fig. 10A). 

At 1504, the method may determine a value of each of the objects 

based on their respective color classification.  In some embodiments, relationships 

between color classifications and respective values may be configured or 10 

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 

object to determine the total/cumulative value of the objects in the stack. 15 

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 

(Fig. 15). 20 

At 1602, the method may set an iterator I 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). 

At 1606, the method may acquire or capture a set of color pixels from 25 

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 I as imaged in the color image.   

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 1400 of determining a number of objects  in an object stack, which may be
employed in the method of Figure 1 OA00. In  particular, in this embodiment, the method 1400 may be
performed after methods  1100 (Fig. 11), 1200 (Fig. 12), and 1300 (Fig. 13) have been performed to
locate  the bottom quadrant and the top quadrant. 10 At 1402, the method may subtract the bottom of
the top quadrant  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  
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The color pixel streak may be acquired or captured for the object I 

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 

object’s visible perimeter (as it appears in the image) that are similar in shape to 5 

an elliptical arc of the face ellipse.  Thus, after the top quadrant has been located, 

the method may derive and/or otherwise approximate the locations of the tops and 

bottoms of an object’s visible perimeters.  For example, in some embodiments, the 

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

based on a three-dimensional perspective of the object face), and then may 10 

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 

top of the stack).  The location of the top and bottom arc for each Ith image may be 15 

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 

pixels from the pixelated color image located within the area between the top and 20 

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.  

At 1608, the method converts the pixels in the color pixel streak into 25 

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 

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. The pixels may be identified based on a determined knowledge of the
location of the top and bottom of the object stack, such as locations determined in  the method 1000
(Fig. 10A). At 1504, the method may determine a value of each of the objects  based on their
respective color classification. In some embodiments, relationships  10 between color classifications
and respective values may be configured or 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 Ito 1. At 1604, the
method may set a maximum value J to be the number of  
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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, black, purple, pink, yellow, brown, gray, and cyan, to which the 

various HSB values in the streak may be mapped.  The term fundamental colors is 5 

not intended to be coextensive with the concept of primary colors, but rather is a 

subset of colors which are distinctly recognized across a variety of human cultures, 

hence the denomination as culture colors.  In some embodiments, the fundamental 

colors included in the set may be limited to include only those colors that may 

actually occur in the objects that may be stacked in the demarcated area. 10 

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. 

At 1612, the method may determine whether the colors in the pixel 15 

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., 

intersect the colors in the table), then the table may identify a corresponding 20 

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 

the Ith object is found.  If instead at 1612, it is determined that two or more 25 

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 

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 I as imaged in the color image. 60
The color pixel streak may be acquired or captured for the object I  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 object's visible perimeter (as it appears in the image) that are similar in shape to  an elliptical
arc of the face ellipse. Thus, after the top quadrant has been located,  the method may derive and/or
otherwise approximate the locations of the tops and  bottoms of an object's visible perimeters. For
example, in some embodiments, 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  



63 

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 primary colors.  For example, in some 

embodiments, the primary fundamental color may be the fundamental color that 

has the highest ration of corresponding pixels in the streak, and the top secondary 5 

fundamental colors are the top most represented fundamental colors in the streak 

other than the primary fundamental color.    

At 1614, the method may determine the primary and top one or more 

(e.g., three) secondary fundamental colors present in the streak, then may use a 

lookup table to determine a single resulting fundamental color that the pixel streak 10 

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 

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

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 

three secondary fundamental colors, then, at 1616, the fundamental color 20 

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. 

At 1620, the method may determine a value of the object based on a 25 

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 

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, black, purple, pink, yellow, brown, gray, and cyan, to which the 5 various HSB values in
the streak may be mapped. The term fundamental colors is  not intended to be coextensive with the
concept of primary colors, but rather is a  subset of colors which are distinctly recognized across a
variety of human cultures,  hence the denomination as culture colors. In some embodiments, the
fundamental  colors included in the set may be limited to include only those colors that may 10 actually
occur in the objects that may be stacked in the demarcated area. 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  
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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., whether I is equal to J).  If not, I may be incremented at 1624, and the 

method may return to 1606 to process the next object.  If so, the method may 5 

continue to 1626 to return the determined values for each of the objects in the 

stack. 

Figure 16B shows a method 1628 of color classifying objects to 

determine a value according to one illustrated embodiment, including reclassifying 

particular objects obscured by shadow, which may be employed in performing the 10 

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 

classified as black surpasses threshold.  In particular, the method may determine 15 

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. 

At 1621b, the method may reclassify the object and re-determine the 20 

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 

stack may be multi-colored, such that the perimeters of the objects include multiple 25 

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.   

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 primary colors. For example, in some embodiments, the primary fundamental color may be
the fundamental color that 5 has the highest ration of corresponding pixels in the streak, and the top
secondary  fundamental colors are the top most represented fundamental colors in the streak  other
than the primary fundamental color. At 1614, the method may determine the primary and top one or
more  (e.g., three) secondary fundamental colors present in the streak, then may use a  10 lookup
table to determine a single resulting 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  
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The above description of illustrated embodiments, including what is 

described in the Abstract, is not intended to be exhaustive or to limit the 

embodiments to the precise forms disclosed.  Although specific embodiments of 

and examples are described herein for illustrative purposes, various equivalent 

modifications can be made without departing from the spirit and scope of the 5 

disclosure, as will be recognized by those skilled in the relevant art.  The teachings 

provided herein of the various embodiments can be applied to other systems, not 

necessarily the exemplary object evaluation system generally described above. 

For instance, the foregoing detailed description has set forth various 

embodiments of the devices and/or processes via the use of block diagrams, 10 

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 

collectively, by a wide range of hardware, software, firmware, or virtually any 15 

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 

more computer programs running on one or more computers (e.g., as one or more 20 

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. 

In addition, those skilled in the art will appreciate that the 25 

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 

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 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., whether I is equal to J). If not, I may be incremented at 1624, and the  5 method
may return to 1606 to process the next object. If so, the method may continue to 1626 to return the
determined values for each of the objects in the  stack. Figure 16B shows a method 1628 of color
classifying objects to  determine a value according to one illustrated embodiment, including
reclassifying  10 particular 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 1621 a and  1621 b. At 1621 a 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 1621 b, the method may reclassify the object and re-determine the  
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to, the following: recordable type media such as floppy disks, hard disk drives, CD 

ROMs, digital tape, and computer memory. 

The various embodiments described above can be combined to 

provide further embodiments.  To the extent that they are not inconsistent with the 

specific teachings and definitions herein, all of the U.S. patents, U.S. patent 5 

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 commonly assigned to the same 

assignee of this application are incorporated herein by reference, in their entirety.  

Aspects of the embodiments can be modified, if necessary, to employ systems, 10 

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 

used should not be construed to limit the claims to the specific embodiments 15 

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. 

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 the Abstract, is not intended to be exhaustive or to limit the  embodiments to the precise
forms disclosed. Although specific embodiments of  and examples are described herein for illustrative
purposes, various equivalent 5 modifications can be made without departing from the spirit and scope
of the  disclosure, as will be recognized by those skilled in the relevant art. The teachings  provided
herein of the various embodiments can be applied to other systems, not  necessarily the exemplary
object evaluation system generally described above. 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 
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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; 

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. 

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 65 to, the following: recordable type media
such as floppy disks, hard disk drives, CD  ROMs, digital tape, and computer memory. The various
embodiments described above can be combined to  provide further embodiments. To the extent that
they are not inconsistent with 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 commonly assigned to the same  assignee of this application are incorporated
herein by reference, in their entirety. 10 Aspects of the embodiments 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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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 

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 

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; 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. 67 



69 

converting by the at least one processor the set of HSB contour image 

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

7. 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: 

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 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; 

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  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 68 converting by the at least one
processor the set of HSB contour image  data to the set of black and white contour image data. 7. The
method of claim 1 wherein computationally preprocessing by at  
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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. 

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 

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 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;
69 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  
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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. 

12. The method of claim 1 further comprising: 

before computationally determining by the at least one processor a total 

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 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 

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  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 70
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. 12.
The method of claim 1 further comprising: before computationally determining by the at least one
processor a total  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  
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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 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 target pixel areas. 

15. 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: 

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. 

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 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 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 target pixel areas. 15. 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: 
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16. The method of claim 15 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 location of a bottom of the bottom quadrant by traversing 

downwardly starting at a location offset from the determined upper location until a last 

one or more target pixel areas found within a left and right boundary of the bottom 

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; 

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. 72 16.
The method of claim 15 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 location of a bottom of the bottom quadrant by
traversing  downwardly starting at a location offset from the determined upper location until a last  one
or more target pixel areas found within a left and right boundary of the bottom  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: 
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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. 

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 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. 

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.  

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; 73 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. 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 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. 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  
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22. The method of claim 21 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, determining whether the classified fundamental 

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

23. The method of claim 22 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, 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. 

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. 74 22. The method of
claim 21 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,
determining whether the classified fundamental  colors of the color pixel streak is in a set of color drift
colors. 23. The method of claim 22 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, 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. 
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25. 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, determining a value of the object based on a 

determined fundamental color and a defined set of fundamental color to object value 

relationships. 

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.  

 

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. 75 25. 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,
determining a value of the object based on a  determined fundamental color and a defined set of
fundamental color to object value  relationships. 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. 
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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 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 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 

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 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 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  
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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 configured to logically segment 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. 

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. 

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 configured to logically segment 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. 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. 78 34. The system of claim 29 wherein the at least one
object evaluation  



79 

34. 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: 

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 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 

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 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 79 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. 
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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. 

 

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 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. 

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 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. 80 38. The
system of claim 37, wherein the at least one object evaluation  computing system is 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 if a  total number of the contour pixels in the target pixel area is less
that a threshold number  
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38. The system of claim 37, wherein the at least one object evaluation 

computing system is 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 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 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 

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 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 81 determine a location of the bottom of the bottom quadrant when the width  fits the
face ellipse. 40. The system of claim 37, wherein the at least one object evaluation  computing system
is 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 within the sample  
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determine a location of the bottom of the bottom quadrant when the width 

fits the face ellipse. 

40. The system of claim 37, wherein the at least one object evaluation 

computing system is 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 within the sample 

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 

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  82 mean/average height of an individual object
rationalized for a distance between the  image acquisition device and the stack of objects. 43. The
system of claim 29, wherein the at least one object evaluation  computing system is 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 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: 
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mean/average height of an individual object rationalized for a distance between the 

image acquisition device and the stack of objects. 

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

computing system is 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 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: 

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: 83 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.  84 
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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.  

 


