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(57) ABSTRACT 

Correction of color defects in a pupil represented in a digital 
image is disclosed. For example, a location in the pupil within 
the digital image is identified, and a target color to be cor 
rected is computed based at least upon an analysis of pixels 
within a first region in which the location resides. Defect 
pixels in a second region in which the location resides are 
identified, the defect pixels being identified as having a pixel 
color similar to the target color. The defect pixels are color 
corrected. For pupils that appear all white, appropriately con 
figured pupil images are inserted therein. 

  



US 2008/0212843 A1 Sep. 4, 2008 Sheet 1 of 4 Patent Application Publication 

  



Patent Application Publication Sep. 4, 2008 Sheet 2 of 4 US 2008/0212843 A1 

S 

55.   



Patent Application Publication Sep. 4, 2008 Sheet 3 of 4 US 2008/0212843 A1 

  



Patent Application Publication Sep. 4, 2008 Sheet 4 of 4 US 2008/0212843 A1 

  



US 2008/0212843 A1 

PET EYE CORRECTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/879,737, filed Jan. 10, 2007, the 
entire disclosure of which is hereby incorporated herein by 
reference. 

FIELD OF THE INVENTION 

0002 The invention relates to digital image corrections 
and more particularly relates to pupil color-corrections. 

BACKGROUND 

0003 Animals, such as pets, often have the equivalent of 
human red eye in pictures, hereafter also referred to as “pet 
eye.” but with different colors. Although the phrases red eye 
and pet eye include the term “eye', the discoloration from the 
red eye and pet eye conditions actually occurs in the pupils of 
humans and animals, respectively. Accordingly, the term 
“eye' in this art often is intended to refer to “pupil. as 
opposed to an entire eye. For example, a digital image of a dog 
may represent the dog's pupils as being green in color. In 
addition, Sometimes even the two pupils of an animal have 
different colors. Conventional human red eye correction pro 
cedures that rely upon detecting pixels of a red color, how 
ever, are not useful for correcting these pet eye conditions. 
Another pet eye condition is referred to as a white eye or cue 
ball condition. In this case the entire pupil appears white or 
light in color similar to the color of a glint. 
0004. It would thus be desirable to provide a solution or 
improved solution for overcoming or mitigating these pet eye 
conditions. 

SUMMARY 

0005 Systems and methods for correcting color defects in 
a pupil represented in a digital image are disclosed. Accord 
ing to Some embodiments of the present invention, a location 
in the pupil within the digital image is identified, and a target 
color to be corrected is computed based at least upon an 
analysis of pixels within a first region in which the location 
resides. Defect pixels in a second region in which the location 
resides are identified, the defect pixels being identified as 
having a pixel color similar to the target color. The defect 
pixels are color-corrected. By computing a target color, from 
which the defect pixels are identified and color-corrected, any 
pupil discoloration color can be corrected, including human 
red eye and the various other colors that show up in pet eye 
conditions. In addition, a single process may be used to cor 
rect both human red eye and pet eye conditions. 
0006. According to some embodiments of the present 
invention, for a pupil that appears all white, a presumed pupil 
region is identified, and an appropriately configured pupil 
image is inserted into the pupil region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The present invention will be more readily under 
stood from the detailed description of exemplary embodi 
ments presented below considered in conjunction with the 
attached drawings, of which: 
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0008 FIG. 1 illustrates a system for correcting color 
defects in a pupil represented in a digital image, according to 
an embodiment of the present invention; 
0009 FIG. 2 illustrates a method for correcting color 
defects in a pupil represented in a digital image, according to 
an embodiment of the present invention; and 
0010 FIGS. 3 and 4 illustrate a method for correcting 
color defects in a pupil represented in a digital image at least 
by replacing the pupil region with animage of a pupil, accord 
ing to an embodiment of the present invention. 
0011. It is to be understood that the attached drawings are 
for purposes of illustrating the concepts of the invention and 
may not be to scale. 

DETAILED DESCRIPTION 

0012 Embodiments of the present invention facilitate the 
color-correction of pupils regardless of the particular color of 
discoloration present in the pupil in a digital image. Accord 
ingly, such embodiments are useful for, among other things, 
correcting human red eye conditions, pet eye conditions, or 
both. 
0013. It should be noted that the invention is inclusive of 
combinations of the embodiments described herein. Refer 
ences to a particular embodiment and the like refer to features 
that are present in at least one embodiment of the invention. 
Separate references to an embodiment or particular embodi 
ments or the like do not necessarily refer to the same embodi 
ment or embodiments; however, such embodiments are not 
mutually exclusive, unless otherwise explicitly noted or 
required by context. The use of singular or plural in referring 
to the “method' or “methods”, “system” or “systems', and 
the like is not limiting. Further, it should be noted that, unless 
otherwise explicitly noted or required by context, the word 
'or' is used in this disclosure in a non-exclusive sense. 
0014 FIG. 1 illustrates a system 100 for correcting color 
defects in a pupil represented in a digital image, according to 
an embodiment of the present invention. The system 100 
includes a data processing system 110, an interface system 
130, and a processor-accessible memory system 140. The 
processor-accessible memory system 140 and the interface 
system 130 are communicatively connected to the data pro 
cessing system 110. 
0015 The data processing system 110 includes one or 
more data processing devices that implement the processes of 
the various embodiments of the present invention, including 
the processes illustrated by FIGS. 2-4. The phrases “data 
processing device', 'data processor', or “processor are 
intended to include any data processing device, such as a 
central processing unit ("CPU”), a desktop computer, a laptop 
computer, a mainframe computer, a personal digital assistant, 
a BlackberryTM, a digital camera, cellular phone, or any other 
device for processing data, managing data, or handling data, 
whether implemented with electrical, magnetic, optical, bio 
logical components, or otherwise. 
0016. The processor-accessible memory system 140 
includes one or more processor-accessible memories config 
ured to store information, including the information needed to 
execute the processes of the various embodiments of the 
present invention, including the processes illustrated by 
FIGS. 2-4. The processor-accessible memory system 140 
may be a distributed processor-accessible memory system 
including multiple processor-accessible memories communi 
catively connected to the data processing system 110 via a 
plurality of computers or devices. On the other hand, the 
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processor-accessible memory system 140 need not be a dis 
tributed processor-accessible memory system and, conse 
quently, may include one or more processor-accessible 
memories located within a single data processor or device. 
0017. The phrase “processor-accessible memory” is 
intended to include any processor-accessible data storage 
device, whether Volatile or nonvolatile, electronic, magnetic, 
optical, or otherwise, including but not limited to, hard disks, 
Compact Discs, DVDs, flash memories, ROMs, and RAMs. 
0018. The phrase “communicatively connected” is 
intended to include any type of connection, whether wired or 
wireless, between devices, data processors, or programs in 
which data may be communicated. Further, the phrase “com 
municatively connected' is intended to include a connection 
between devices or programs within a single data processor, 
a connection between devices or programs located in differ 
ent data processors, and a connection between devices not 
located in data processors at all. In this regard, although the 
processor-accessible memory system 140 is shown sepa 
rately from the data processing system 110, one skilled in the 
art will appreciate that the processor-accessible memory sys 
tem 140 may be stored completely or partially within the data 
processing system 110. Further in this regard, although the 
interface system 130 is shown separately from the data pro 
cessing system 110, one skilled in the art will appreciate that 
the interface system 130 may be located completely or par 
tially within the data processing system 110. 
0019. The interface system 130 may include a mouse, a 
keyboard, another data processor, or any device or combina 
tion of devices from which data is input to the data processing 
system 110. The interface system 130 also may include a 
display device, a processor-accessible memory, or any device 
or combination of devices to which data is output by the data 
processing system 110. In this regard, if the interface system 
130 includes a processor-accessible memory or memory sys 
tem, such memory or memory system may be part of the 
processor-accessible memory system 140 even though the 
interface system 130 and the processor-accessible memory 
system 140 are shown separately in FIG. 1. 
0020 FIG. 2 illustrates a method for correcting color 
defects in a pupil represented in a digital image, according to 
an embodiment of the present invention. In this regard, FIG. 
2 represents a digital image 200 of a pet, in this case, a cat. In 
this example, the digital image 200 represents two pupils (or 
pupil regions) 201, 202 of the cat that have been discolored 
during the process of acquiring the digital image 200. Such 
discoloring is represented in FIG.2 by the dot-shaded regions 
in the pupils 201, 202. Each pupil 201, 202 has a different 
amount of dot-shading, indicating that each pupil 201, 202 
may be discolored differently. Pupil discoloration often is 
caused by the firing of a light flash by the digital image 
acquisition device that captured the digital image 200. Also 
often caused by Such firing of a light flash are specular high 
lights 203, 204 (also referred to as glint) in pupils 201, 202, 
respectively. Specular highlights 203, 204 are represented in 
FIG. 2 as 4-point stars for illustration purposes. However, one 
of ordinary skill in the art will appreciate that specular high 
lights may take other shapes in a pupil represented in a digital 
image. 
0021. In order to correct the discoloration in a pupil, 
according to an embodiment of the present invention, a loca 
tion within the pupil is identified. In the example of FIG. 2, the 
discoloration in the pupil 201 is being corrected, and the 
identified location within the pupil 201 is marked by the “X” 
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205. Although pupil 201 is being corrected in the example of 
FIG. 2, one of ordinary skill in the art will appreciate that 
pupil 202 may be corrected in the same manner as pupil 201. 
Also, the location 205 is shown merely for illustration pur 
poses, and one of ordinary skill in the art will appreciate that 
location 205 may be any place where pupil discoloration is 
located or Substantially adjacently located. 
0022 Location 205 in the discolored pupil 201 may be 
identified based at least upon user input. Alternatively, loca 
tion 205 may be identified based at least upon a data-proces 
sor-executed search for a pupil that exhibits expected discol 
oration attributes using techniques known in the art. 
0023. Upon identification of a location in a discolored 
pupil, a target color to be corrected may be computed based at 
least upon an analysis of pixels within a first region of pixels 
in which the identified location resides. In the example of 
FIG. 2, the first region is shown as rectangle 206. The first 
region may be a local neighborhood of pixels. Such as a 3x3 
neighborhood, a 3x4 neighborhood, a 5x5 neighborhood, etc. 
Alternatively, the first region may merely include only a 
single pixel at which the identified location (e.g.,205) resides. 
Alternatively still, the first region may include the entire 
region of pupil discoloration (dot-shaded region 201, e.g.). 
Accordingly, one skilled in the art will appreciate that the 
invention is not limited to any particular choice of the size and 
shape of the first region, so long as the first region includes the 
identified location (e.g., 205) and is not too large so as to 
Substantially skew a proper determination of the target color, 
as discussed below. 
0024. The target color aims to accurately represent the 
color of the discoloration present in the respective pupil (e.g., 
201). Accordingly, the target color may be computed in any 
manner that sufficiently identifies the color of the discolora 
tion to be corrected, such as by analyzing the pixels in a first 
region in which the identified location (205, e.g.) resides. 
Such an analysis may include determining an average of pixel 
color values of at least some of the pixels within the first 
region. However, one skilled in the art will appreciate that 
other statistical or mathematical analyses may be performed. 
0025 To facilitate a proper identification of the target 
color, some embodiments of the present invention exclude 
pixels representing specular highlights in the analysis of the 
pixels in the first region. Because specular highlights (203, 
e.g.) are extremely bright, they may unduly skew the target 
color towards brighter colors when present in the first region. 
Similarly, to the extent that the first region (205, e.g.) includes 
other non-uniformities, such as uncharacteristically dark or 
uncharacteristically different colors, such other non-unifor 
mities also may be excluded. In the example of FIG. 2, the 
first region 206 includes a corner region 208 outside of the 
pupil 201. Consequently, corner region 208 may include pix 
els that exhibit substantially different color characteristics 
than many or most of the other pixels within the first region 
206. Accordingly, the corner region 208 also may be excluded 
in the analysis of pixels in the first region 206 when comput 
ing the target color. 
0026. After determining the target color, defect pixels may 
be identified in a second region in which the identified loca 
tion (205, e.g.) resides. The defect pixels are the pixels that 
ultimately undergo color correction. In the example of FIG.2, 
the second region is represented by circle 207, which includes 
the entire pupil 201. One of ordinary skill in the art, however, 
will appreciate that the second region may include less than 
all of an entire pupil being corrected. Such as, for example, a 
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region or regions in or around the pupil that have a significant 
probability of needing correction. Also, one of ordinary skill 
in the art will appreciate that the second region may be the 
same as the first region, or that the second region may entirely 
include the first region. However, as shown in FIG. 2, not all 
of the first region (corner region 208 of first region 206, e.g.) 
needs to be within the second region (207, e.g.). In addition, 
although the second region 207 in FIG. 2 is shown to be a 
circle for illustration purposes only, one skilled in the art will 
appreciate that the second region, as well as pupils, may have 
other shapes, such as ellipses. 
0027. According to an embodiment of the present inven 

tion, the defect pixels may be identified as those pixels within 
the second region exhibiting a difference in color with respect 
to the target color within a threshold. In other words, the 
defect pixels may be identified as those pixels that have a 
color close to the target color, where the threshold determines 
the required amount of closeness. In this regard, pixels rep 
resenting specular highlights may be excluded as defect pix 
els, so that they remain uncorrected. Similarly, other pixels 
exhibiting large differences in color from the target color may 
be excluded as defect pixels, so that they too remain uncor 
rected. A threshold used for identifying defect pixels may be 
user-defined and may be user-adjustable. 
0028. After identifying the defect pixels, color correction 
may be performed on the defect pixels. According to an 
embodiment of the present invention, the defect pixels are 
modified so that they are more neutral in color. Or, the defect 
pixels may be modified so that they are neutral or substan 
tially neutral in color. In some embodiments, each defect 
pixel is corrected to have red, green, and blue color values 
equal to a minimum of the corresponding defect pixel’s pre 
corrected red, green, and blue color values. For example, if a 
defect pixel, prior to correction, exhibits red, green, and blue 
color values of 15, 10, and 180, respectively, the defect pixel 
may be corrected so that its red, green, and blue color values 
are 10, 10, and 10, respectively. 
0029. After color-correcting the defect pixels, an optional 
blending step may be performed, where pixels in a third 
region in which the second region resides are blended. This 
optional blending step facilitates a more natural appearance 
of the color-corrected defect pixels within the context of the 
rest of the digital image (200, e.g.). The third region may be 
the same as the second region. This is true in the example of 
FIG. 2, where the third region is the same as the second region 
207 and, consequently, is not explicitly shown. Alternatively, 
the third region may be somewhat larger than the second 
region. For example, if a kernel. Such as a 5x5 pixel kernel, is 
used to blend pixels, the kernel may be used to cause blending 
in pixels slightly outside and around the border of the second 
region. 
0030 FIGS. 3 and 4 illustrate a method for correcting 
color defects in a pupil represented in a digital image at least 
by replacing a presumed pupil region with an image of a 
pupil, according to an embodiment of the present invention. 
This and related embodiments are useful for correcting a 
pupil that appears all or substantially all white. This is a 
condition referred to as a cue ball. Pupils exhibiting a cue 
ball condition appear to be missing their pupils. The cue ball 
condition often occurs in pet pupils, but one skilled in the art 
will appreciate that the following procedure may be used for 
any pupil experiencing the cue ball condition. 
0031. The example of FIGS. 3 and 4 is similar to the 
example of FIG. 2 in that it represents a digital image 300 of 

Sep. 4, 2008 

a cat. In this example, however, the cat includes two pupils 
301,302 that are experiencing the cue ball condition. In order 
to correct the cue ball condition in a pupil, according to an 
embodiment of the present invention, an expected pupil-lo 
cation is identified. In the example of FIG. 3, the cue ball 
condition in the pupil 301 is being corrected, and the expected 
pupil-location is marked by the “X” 303. Although pupil 301 
is being corrected in the example of FIG. 3, one of ordinary 
skill in the art will appreciate that pupil 302 may be corrected 
in the same manner as pupil 301. Also, the location 303 is 
shown merely for illustration purposes, and one of ordinary 
skill in the art will appreciate that location 303 may be any 
where in or substantially adjacent where the pupil 301 was 
expected to be located. 
0032 Location 303 may be identified based at least upon 
user input. Alternatively, location 303 may be identified based 
at least upon a data-processor-executed search for an 
expected pupil-location in an eye using techniques known in 
the art. 
0033. Upon identification of an expected pupil-location, it 

is determined whether all or substantially all of the pixels 
withina particular region have a white or a substantially white 
color. This step determines whether a cue ball condition exists 
in the pupil. The particular region may include the expected 
pupil-location. In the example of FIG.3, the particular region 
is shown as rectangle 304. The particular region may be a 
local neighborhood of pixels, such as a 3x3 neighborhood, a 
3x4 neighborhood, a 5x5 neighborhood, etc. Alternatively, 
the particular region may include the entire eye being evalu 
ated (305, e.g.). Accordingly, one skilled in the art will appre 
ciate that the invention is not limited to any particular choice 
of the size and shape of the particular region, so long as the 
particular region includes the expected pupil-location (303, 
e.g.) and is not too large so as to Substantially skew a proper 
determination of the cue ball condition. 
0034. If it is determined that all or substantially all of the 
pixels within the particular region (304, e.g.) have a white or 
Substantially white color, then a presumed pupil region is 
identified. In the example of FIG. 4, the presumed pupil 
region is identified by circle 401. Although the presumed 
pupil region in FIG. 4 is shown as a circle for purposes of 
clarity, one skilled in the art will appreciate that cats and other 
animals have differently shaped pupils and that the invention 
is not limited to any particularly shaped pupil. The presumed 
pupil region (401, e.g.) may be identified based at least upon 
an analysis of the type of animal or person whose pupil is 
being corrected, as well as the relative size and shape of the 
pupil being corrected (301, e.g.). 
0035. Once the presumed pupil region (401, e.g.) has been 
identified, an image of a pupil appropriate (402, e.g.) for the 
animal or person whose pupil is being corrected is identified. 
Such pupil image is appropriately scaled and then inserted 
into the presumed pupil region to facilitate correcting the cue 
ball condition. According to some embodiments, an image of 
an iris also may be included with the pupil image inserted into 
the presumed pupil region. 
0036. It is to be understood that the exemplary embodi 
ments are merely illustrative of the present invention and that 
many variations of the above-described embodiments can be 
devised by one skilled in the art without departing from the 
Scope of the invention. For example, although the examples of 
FIGS. 2-4 pertain to correcting discolored pupils of a cat, one 
skilled in the art will appreciate that the foregoing processes 
also may be used to correct discolored pupils of other ani 
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mals, as well as humans. It is therefore intended that all such 
variations be included within the scope of the following 
claims and their equivalents. 
What is claimed is: 
1. A method implemented at least in part by a data process 

ing system, the method for correcting color defects in a pupil 
represented in a digital image, and the method comprising the 
steps of: 

identifying a location in the pupil within the digital image: 
computing a target color to be corrected based at least upon 

an analysis of pixels within a first region in which the 
location resides; 

identifying defect pixels in a second region in which the 
location resides, the defect pixels being identified as 
having a pixel color similar to the target color; and 

color-correcting the defect pixels. 
2. The method of claim 1, wherein the pupil is a pet pupil. 
3. The method of claim 1, wherein the location in the pupil 

is identified based at least upon user input. 
4. The method of claim 1, wherein the analysis of the pixels 

includes determining an average of pixel color values of at 
least some of the pixels within the first region. 

5. The method of claim 1, wherein the analysis of the pixels 
excludes pixels representing specular highlights in the com 
puting of the target color. 

6. The method of claim 1, wherein the identifying defect 
pixels step identifies defect pixels as those within the second 
region exhibiting a difference in color with respect to the 
target color within a threshold. 

7. The method of claim 1, wherein the identifying defect 
pixels step does not identify pixels representing specular 
highlights as defect pixels. 

8. The method of claim 1, wherein the color-correcting step 
modifies the defect pixels so that they are more neutral in 
color. 

9. The method of claim 1, wherein the color-correcting step 
modifies the defect pixels so that they are neutral or substan 
tially neutral in color. 

10. The method of claim 9, wherein the color-correcting 
step corrects each defect pixel to have red, green, and blue 
color values equal to a minimum of the defect pixel’s pre 
corrected red, green, and blue color values. 

11. The method of claim 1, further comprising the step of 
blending pixels in a third region in which the second region 
resides, wherein the blending step occurs after the color 
correcting step. 

12. The method of claim 1, wherein the first region is within 
the second region. 

13. A processor-accessible memory system storing instruc 
tions configured to cause a data processing system to imple 
ment a method for correcting color defects in a pupil repre 
sented in a digital image, wherein the instructions comprise: 

instructions for identifying a location in the pupil within 
the digital image; 
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instructions for computing a target color to be corrected 
based at least upon an analysis of pixels within a first 
region in which the location resides; 

instructions for identifying defect pixels in a second region 
in which the location resides, the defect pixels being 
identified as having a pixel color similar to the target 
color; and 

instructions for color-correcting the defect pixels. 
14. The processor-accessible memory system of claim 13, 

wherein the pupil is a pet pupil. 
15. The processor-accessible memory system of claim 13, 

wherein the analysis of the pixels includes determining an 
average of pixel color values of at least Some of the pixels 
within the first region. 

16. The processor-accessible memory system of claim 13, 
wherein the analysis of the pixels excludes pixels represent 
ing specular highlights in the computing of the target color. 

17. A system comprising: 
a data processing system; and 
a memory system communicatively connected to the data 

processing system and storing instructions configured to 
cause the data processing system to implement a method 
for correcting color defects in a pupil represented in a 
digital image, wherein the instructions comprise: 

instructions for identifying a location in the pupil within 
the digital image; 

instructions for computing a target color to be corrected 
based at least upon an analysis of pixels within a first 
region in which the location resides; 

instructions for identifying defect pixels in a second region 
in which the location resides, the defect pixels being 
identified as having a pixel color similar to the target 
color; and 

instructions for color-correcting the defect pixels. 
18. The system of claim 17, wherein the pupil is a pet pupil. 
19. The system of claim 17, wherein the analysis of the 

pixels includes determining an average of pixel color values 
of at least some of the pixels within the first region. 

20. The system of claim 17, wherein the analysis of the 
pixels excludes pixels representing specular highlights in the 
computing of the target color. 

21. A method implemented at least in part by a computer 
system, the method for correcting color defects in a pupil 
represented in a digital image, and the method comprising the 
steps of: 

identifying an expected pupil-location within the digital 
image; 

determining that all or substantially all of the pixels within 
a particular region in which the expected pupil-location 
resides have a white or a substantially white color; 

identifying a presumed pupil region; and 
inserting into the presumed pupil region an image of a pupil 

configured to fit the presumed pupil region. 
22. The method of claim 21, wherein the image of the pupil 

includes an image of an iris. 
c c c c c 


