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WHITE BALANCING AN IMAGE
BACKGROUND

[0001] Computers, or devices that include embedded com-
puters (e.g., a digital camera), may be utilized to process and
subsequently store, view or print out digital images. When
a digital camera conventionally captures an image, it tries to
determine what the illumination was in order to perform
white balancing for the newly captured image. Often, the
typical digital camera makes wrong determinations or the
illumination is not something the digital camera can prop-
erly determine (e.g., a combination of daylight and flores-
cent light) thereby resulting in improperly white balanced
images. Another reason digital cameras typically produce
improper white balanced images is that their illumination
setting can be incorrectly set for the illuminant present when
the images are captured. It is understood that images that are
incorrectly white balanced have an unwanted hue cast (e.g.,
reddish or greenish hue dominating the image) that is
typically most noticeable in flesh colors such as human
facial regions.

[0002] Two known techniques for correcting the white
balancing of images are the Gray World Assumption and the
White Point Estimation. However, there are disadvantages
associated with these techniques. For example, the Gray
World Assumption is usually susceptible to failure with
images that do not contain enough variation in color content,
such as a portrait on a blue background. Furthermore, the
White Point Estimation typically fails in images where these
is no white (or light neutral-colored) object in the original
scene.

[0003] For these and other reasons, there is a need for the
present invention.

SUMMARY OF THE INVENTION

[0004] A method for white balancing an image. The
method may include determining the location of the human
facial region within the image. Additionally, the method may
include determining skin color of the human facial region.
The method also may include determining a correction
factor to change the skin color to substantially match a
known range of skin colors. Furthermore, the method may
include applying the correction factor to the image to
provide white balancing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a flowchart of steps performed in accor-
dance with an embodiment of the present invention for white
balancing an image.

[0006] FIG. 2A is a diagram illustrating an exemplary
image that may be received for processing in accordance
with an embodiment of the present invention.

[0007] FIG. 2B is a diagram illustrating the positive
effects of processing the image of FIG. 2A in accordance
with an embodiment of the present invention.

[0008] FIG. 3 is a flowchart of steps performed in accor-
dance with another embodiment of the present invention for
white balancing an image.

[0009] FIG. 4 is a diagram of an exemplary white bal-
ancing enhancement dialog box that may be utilized in
accordance with an embodiment of the present invention.
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[0010] FIG. 5 is a block diagram of an exemplary network
that may be utilized in accordance with an embodiment of
the present invention.

[0011] FIG. 6 is a block diagram of an embodiment of an
exemplary computer system that may be used in accordance
with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. While the invention will be
described in conjunction with embodiments, it will be under-
stood that they are not intended to limit the invention to
these embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and equiva-
lents, which may be included within the spirit and scope of
the invention as defined by the appended claims. Further-
more, in the following detailed description of the present
invention, numerous specific details are set forth in order to
provide a thorough understanding of the present invention.
However, it will be evident to one of ordinary skill in the art
that the present invention may be practiced without these
specific details. In other instances, well known methods,
procedures, components, and circuits have not been
described in detail as not to unnecessarily obscure aspects of
the present invention.

Notation and Nomenclature

[0013] Some portions of the detailed descriptions which
follow are presented in terms of procedures, logic blocks,
processing, and other symbolic representations of operations
on data bits within a computing system or digital system
memory. These descriptions and representations are the
means used by those skilled in the data processing arts to
most effectively convey the substance of their work to others
skilled in the art. A procedure, logic block, process, etc., is
herein, and generally, conceived to be a self-consistent
sequence of steps or instructions leading to a desired result.
The steps may involve physical manipulations of physical
quantities. Usually, though not necessarily, these physical
manipulations take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared,
and otherwise manipulated in a computing system or similar
electronic computing device. For reasons of convenience,
and with reference to common usage, these signals are
referred to as bits, values, elements, symbols, characters,
terms, numbers, or the like with reference to the present
invention.

[0014] It should be borne in mind, however, that all of
these terms are to be interpreted as referencing physical
manipulations and quantities and are merely convenient
labels and are to be interpreted further in view of terms
commonly used in the art. Unless specifically stated other-
wise as apparent from the following discussions, it is under-
stood that throughout discussions of the present invention,
discussions utilizing terms such as “determining”, “apply-

ing”, “processing”, “performing”, “deciding”, “ascertain-
22

ing”, “transmitting”, “receiving”, “retrieving”, “providing”,
“recognizing”, “generating”, “utilizing”, “removing”,
“excluding”, “discarding”, “implementing”, “employing”,

“storing” or the like, refer to the action and processes of a
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computing system, or similar electronic computing device,
that manipulates and transforms data. The data is repre-
sented as physical (electronic) quantities within the com-
puting system’s registers and memories and is transformed
into other data similarly represented as physical quantities
within the computing system’s memories or registers or
other such information storage, transmission, or display
devices.

Exemplary Operations in Accordance With the
Present Invention

[0015] FIG. 1 is a flowchart 100 of steps performed in
accordance with an embodiment of the present invention for
white balancing an image. Flowchart 100 includes processes
of the present invention which, in one embodiment, are
carried out by a processor(s) and electrical components
under the control of computer readable and computer
executable instructions. The computer readable and com-
puter executable instructions may reside, for example, in
data storage features such as computer usable volatile
memory, computer usable non-volatile memory and/or com-
puter usable mass data storage. However, the computer
readable and computer executable instructions may reside in
any type of computer readable medium. Although specific
steps are disclosed in flowchart 100, such steps are exem-
plary. That is, the present embodiment is well suited to
performing various other steps or variations of the steps
recited in FIG. 1. Within the present embodiment, it should
be appreciated that the steps of flowchart 100 may be
performed by software, by hardware or by any combination
of software and hardware.

[0016] It is noted that the functionality of flowchart 100
may be implemented with, but is not limited to, software
and/or hardware associated with a printer (e.g., printer
driver), digital camera, image scanner, computer or any
other image processing system.

[0017] The present embodiment provides a method for
white balancing an image. For example, when an image is
received, a determination is made as to whether any human
face exists within the image. If not, the entire image may be
processed with one or more white balancing techniques in
order to improve its visual quality. However, if there is one
or more human faces present within the image, the image is
processed in a different manner. Specifically, the colors that
are within the region or regions that define a human face
within the image are compared to known facial colors. If
there is a discrepancy, a correction factor is determined that,
when applied to the image, will alter the colors of the human
facial region(s) to substantially match known facial colors.
Subsequently, the correction factor is applied to the entire
image thereby white balancing it and removing hue cast. In
this manner, white balancing may be provided to the entire
image based upon the correction factor determined to correct
the facial colors of the human facial region(s).

[0018] At step 102 of FIG. 1, an image (e.g., a digital
image) is received or retrieved in order to be processed by
flowchart 100. It is noted that there are a wide variety of
reasons for receiving or retrieving an image at step 102 to be
processed. For example, the image may be received at step
102 in order to subsequently store it on a memory device,
view it on a display device or print it out on a printer, just
to name a few. Furthermore, the image may be received at

Page 9 of 15

Oct. 21, 2004

step 102 in diverse ways in accordance with the present
embodiment. For example, the image may be received from
an image scanner and/or a digital camera coupled to a
computing device. Additionally, the data associated with the
image may be received at step 102 by software and/or
hardware associated with a printer (e.g., printer driver),
digital camera, image scanner, computer or any other image
processing system. The flowchart 100 is capable of operat-
ing with any image processing system.

[0019] In step 104, the present embodiment determines
whether a human face(s) is present within the received (or
retrieved) image. If it is determined that no human faces are
present within the image, the present embodiment proceeds
to step 106. However, if it is determined that there is one or
more human faces present within the image, the present
embodiment proceeds to step 108. It is understood that step
104 may be implemented in diverse ways. For example, a
Neural Network-Base Face Detection algorithm, the Jones
Viola Algorithm, and/or any other face detection technique
may be utilized in order to perform the functionality of step
104. Tt is noted that if a human face(s) is located within the
image, its location (or position) within the image may then
be determined. The location of the human face(s) may be
contained within a bounding box, a binary mask, or some
type of defined facial region.

[0020] At step 106 at FIG. 1, the entire image is processed
with one or more white balancing techniques (or hue cast
removal techniques) in order to improve the visual quality of
the image. It is noted that there are diverse white balancing
techniques or hue cast removal techniques that may be
implemented at step 106. For example, the white balancing
technique may include, but is not limited to, the Gray World
Assumption, the White Point Estimation, and/or any other
white balancing technique or hue cast removal technique.
After step 106, the present embodiment proceeds to step
118.

[0021] In step 108, the present embodiment determines a
centroid of the hue and chroma distribution within the
defined face region(s), or some portion of the defined face
region(s). There are a wide variety of ways that may be
implemented at step 108. For example, as part of determin-
ing the centroid of the hue and chroma distribution with the
face region(s), an image smoothing technique may be uti-
lized in order to smooth the transitions between the edge of
the face region(s) and also to reduce the effect of those
colors that are not really flesh colors (e.g., eyebrow color, lip
color, eye color and the like). It is appreciated that by
smoothing the face region(s) of the image, those non-flesh
colors have less of an impact on the color population of the
face region(s). Additionally, as part of determining the
centroid of the hue and chroma distribution with the face
region(s), outlier hue and chroma values of said human
facial region may be removed from consideration. It is noted
that, alternatively, step 108 may be modified to determine an
average, rather than the centroid, of the hue and chroma of
said human facial region(s).

[0022] At step 110 of FIG. 1, a determination is made as
to whether the centroid of the hue and chroma distribution
of the face region(s) substantially match a range of known
flesh (or skin) colors of a database. The database of known
flesh (or skin) colors may be algorithmically generated in a
manner known by those in the art. Alternatively, commer-
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cially available face detection software can include a data-
base of known flesh (or skin) colors. If the centroid of the
hue and chroma distribution of the face region(s) does not
substantially match the range of known flesh colors stored in
the database at step 110, the present embodiment proceeds
to step 114. However, if the centroid of the hue and chroma
distribution of the face region(s) substantially matches
known flesh colors of the database at step 110, the present
embodiment proceeds to step 112. It is understood that step
110 may include converting the centroid of the hue and
chroma distribution of the face region(s) into the same color
space as the flesh color database in order to facilitate the
comparison and determination of step 110. For example, if
the flesh color database is in the standard red-green-blue
(sRGB) color space, then the centroid data may be converted
into that same color space as part of the determination at step
110.

[0023] In step 112, no correction is applied to the image
since the colors (e.g., centroid of the hue and chroma
distribution) of the human face region(s) substantially match
known flesh (or skin) colors stored within the database. After
step 112, the present embodiment proceeds to step 118.

[0024] At step 114, a correction factor is created or gen-
erated which changes (or moves) the determined centroid of
the hue and chroma distribution of the face region(s) into the
region of known flesh (or skin) colors of the database. It is
appreciated that the correction factor of step 114 may be
determined and generated in diverse ways. For example, a
correction factor can be generated by a three dimensional
(3D) vector that maps from the centroid of the given face
region(s) into the centroid of the flesh tone database. After
the correction factor is determined, other methodologies
may be used to determine whether to apply the correction
factor.

[0025] In step 116 of FIG. 1, the correction factor is
applied or employed to the entire image in order to provide
white balancing (or hue cast removal) to it. As such, white
balancing is provided to the entire image (or any portion of
it) based upon the correction factor determined to correct the
facial colors of the human facial region(s). It is understood
that step 116 may be implemented in a wide variety of ways.
For example, the previously defined 3D vector can be
applied to each pixel of the entire image. The correction
factor can be modified in a number of ways based on a
number of factors. For example, step 116 may include a
safeguard limiting the correction that is done to the image.
As such, this safeguard may determine whether the correc-
tion factor is beyond a defined limitation. If so, the intensity
of the correction factor may be decreased to the defined
limitation. In this manner, images are corrected where there
is, for example, hue cast problems while unusual cases, such
as, a person with their face covered in green paint within the
image is not overly “corrected” to the point of distorting it.

[0026] At step 118, optionally, the data associated with the
resulting output image may be stored utilizing any type of
memory device. It is appreciated that the memory device
utilized at step 118 may include, but is not limited to,
random access memory (RAM), static RAM, dynamic
RAM, read only memory (ROM), programmable ROM,
flash memory, erasable programmable read only memory
(EPROM), electrically erasable programmable read only
memory (EEPROM), disk drive (e.g., hard disk drive),
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diskette, and/or magnetic or optical disk, e.g., compact disc
(CD), digital versatile disc (DVD), and the like. It is noted
that once the output image is stored, it may be utilized for
other functions such as being printed out by a printer (e.g.,
508 of FIG. 5), displayed on a display screen (e.g., 512 of
FIGS. 5 and 6), and the like. However, it is understood that
the output image does not need to be stored at step 118
before being printed or displayed. Specifically, the white
balancing of flowchart 100 can be performed on-the-fly in
line with other image processing pipelines (e.g., camera
capture or printing). Once step 118 is completed, the present
embodiment exits flowchart 100.

[0027] FIG. 2A is a diagram illustrating an exemplary
image 200 (e.g., photograph, picture, digital image, etc.) that
may be received for processing in accordance with an
embodiment of the present invention. For example, image
200 may be received from an image scanner or a digital
camera coupled to a computer. Alternatively, image 200 may
be received by a digital camera or any other type of image
processing system. As such, image 200 may then be pro-
cessed by an embodiment (e.g., flowchart 100 or flowchart
300) of the present invention for it to be, for example, stored
by a memory device, printed out by a printer or shown on a
display device. It is noted that image 200 includes a tree 206
along with a person 204 having a facial region 202. Addi-
tionally, image 200 also includes a hue cast problem repre-
sented as horizontal dashed lines 208, 210, 212 and 214 that
transverse image 200. It is understood that hue cast may
include when an image (e.g., 200) has some dominant color
hue associated with it. For example, everything within the
image (e.g., 200) may appear reddish or greenish.

[0028] FIG. 2B is a diagram illustrating the positive
effects of processing the image 200 of FIG. 2A in accor-
dance with an embodiment of the present invention. Spe-
cifically, image 220 of FIG. 2B represents a reproduction of
image 200 after being processed by an embodiment in
accordance with the present invention (e.g., flowchart 100 or
flowchart 300). As shown, white balancing (or hue cast
removal) may be provided to the image based upon a
correction factor determined to correct the facial colors of
the human facial region 222. In this manner, image 220 is
visually improved by removing the hue cast represented by
horizontal dashed lines 208, 210, 212 and 214.

[0029] FIG. 3 is a flowchart 300 of steps performed in
accordance with another embodiment of the present inven-
tion for white balancing an image. Flowchart 300 includes
processes of the present invention which, in one embodi-
ment, are carried out by a processor(s) and electrical com-
ponents under the control of computer readable and com-
puter executable instructions. The computer readable and
computer executable instructions may reside, for example,
in data storage features such as computer usable volatile
memory, computer usable non-volatile memory and/or com-
puter usable mass data storage. However, the computer
readable and computer executable instructions may reside in
any type of computer readable medium. Although specific
steps are disclosed in flowchart 300, such steps are exem-
plary. That is, the present embodiment is well suited to
performing various other steps or variations of the steps
recited in FIG. 3. Within the present embodiment, it should
be appreciated that the steps of flowchart 300 may be
performed by software, by hardware or by any combination
of software and hardware.



US 2004/0208363 Al

[0030] The present embodiment provides a method for
automatically white balancing (or hue cast removal or
reduction) an image. For example, a determination is made
as to whether any human facial regions exist within the
image. If there is one or more human facial regions present
within the image, the location of the human facial region or
regions are determined. As such, the colors that are within
the region or regions that define a human face within the
image are compared to known facial colors. If the colors of
the facial region or regions do not match known skin colors,
a correction factor is generated that, when applied to the
image, will adjust the colors of the human facial region(s) to
substantially match known facial colors. The correction
factor is then applied to the entire image (or a portion of it)
thereby white balancing it and removing hue cast. In this
manner, white balancing may be provided to the entire
image (or a portion of it) based upon the correction factor
determined to correct the facial colors of the human facial
region(s).

[0031] It is noted that the functionality of flowchart 300
may be implemented with, but is not limited to, software
and/or hardware associated with a printer (e.g., printer
driver), digital camera, image scanner, computer or any
other image processing system.

[0032] At step 302 of FIG. 3, the present embodiment
determines whether there is a human facial region(s) within
animage. If it is determined that no human facial regions are
within the image, the present embodiment proceeds to the
beginning of step 302. However, if it is determined that there
is a human facial region(s) within the image, the present
embodiment proceeds to step 304. It is appreciated that step
302 may be implemented in a wide variety of ways. For
example, the Jones Viola Algorithm, a Neural Network-Base
Face Detection algorithm, and/or any other face detection
technique may be utilized in order to perform the function-
ality at step 302.

[0033] Instep 304, the present embodiment determines the
location(s), or position(s), of the human facial region(s)
within the image. The location(s) of the human facial
region(s) may be contained within a bounding box(es), a
binary mask(s), or some type of defined facial region(s) at
step 304. It is noted that at least some portion, perhaps not
all, of the human facial region(s) within the image may be
defined at step 304. It is understood that step 304 may be
implemented in diverse ways. For example, the Jones Viola
Algorithm and/or a Neural Network-Base Face Detection
algorithm may be utilized to implement the functionality at
step 304.

[0034] At step 306 of FIG. 3, the present embodiment
determines the skin color located within the defined face
region(s), or some portion of the defined face region(s). It is
appreciated that the determination of the skin color of the
face region(s) may be implemented in a wide variety of
ways. For example, an average of the hue and chroma
located with the facial region(s) may be done as part of the
skin color determination at step 306. Alternatively, an image
smoothing technique may be utilized as part of the color
determination at step 306. Within another embodiment, a
centroid is determined at step 306 of the hue and chroma
distribution within the defined face region(s). It is noted that
an image smoothing technique may be utilized in combina-
tion with the determination of the centroid at step 306.
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Additionally, as part of determining the skin color in step
306, outlier hue and chroma values of said human facial
region(s) may be removed from consideration.

[0035] At step 308, a determination is made as to whether
the skin color of the face region(s) substantially match a
range of known flesh (or skin) colors. For example, the
determination at step 308 can be accomplished by compar-
ing each pixel of the face region(s) to a database of known
flesh (or skin) colors. If the skin color of the face region(s)
substantially matches a known range of flesh color(s) at step
308, the present embodiment proceeds to exit flowchart 300.
However, if the skin color of the face region(s) does not
substantially match the known flesh color(s) at step 308, the
present embodiment proceeds to step 310. It is understood
that step 308 may include converting the skin color of the
face region(s) into the same color space as the known flesh
color(s) in order to facilitate a comparison and determination
at step 308. For example, if the known flesh (or skin) colors
are in the standard red-green-blue (sSRGB) color space, then
the skin color data of the face region(s) may be converted
into that same color space as part of the determination at step
308.

[0036] Instep 310 of FIG. 3, a correction factor is created
or generated which changes (or moves) the determined skin
color of the face region(s) into a region of known flesh (or
skin) colors. It is appreciated that the correction factor of
step 310 may be determined and generated in a wide variety
of ways. For example, a correction factor can be generated
by a 3D vector that maps from the determined skin color of
the given face region(s) into the range of known flesh colors
(e.g., of a database). After the correction factor is deter-
mined, other methodologies may be used to determine
whether to apply the correction factor.

[0037] Instep 312, the correction factor is implemented to
the entire image (or any portion of it) in order to provide
white balancing or hue cast removal to it. As such, white
balancing is provided to the entire image (or any portion of
it) based upon the correction factor determined to correct the
facial skin color(s) of the human facial region(s). It is
understood that step 312 may be implemented in a wide
variety of ways. For example, the previously defined 3D
vector can be applied to each pixel of the entire image (or
any portion of it). The correction factor can be modified in
a number of ways based on a number of factors. For
example, step 312 may include a safeguard which limits the
correction that is applied to the image. As such, the safe-
guard may determine whether the correction factor exceeds
a defined boundary. If so, the value of the correction factor
may be reduced in order to meet the defined boundary. In
this manner, images are corrected where there is, for
example, hue cast problems while unusual cases, such as, a
person with their face covered in blue paint within the image
is not overly “corrected” to the point of distorting it. Once
step 312 is completed, the present embodiment exits flow-
chart 300.

[0038] FIG. 4 is a diagram of an exemplary white bal-
ancing enhancement dialog box 400 that may be utilized in
accordance with an embodiment of the present invention. It
is appreciated that the white balancing dialog box 400 may
be implemented as, but is not limited to, a graphical user
interface (GUI). The white balancing dialog box 400 may be
utilized in conjunction with a method (e.g., flowchart 100
and/or flowchart 300) for providing white balancing (or hue
casting reduction or removal) to an image.
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[0039] Specifically, the white balancing enhancement dia-
log box 400 enables a user to specifically tailor the manner
in which white balancing is performed with relation to any
image including one or more human facial regions. For
example, the white balancing dialog box 400 provides its
user at line 402 the ability to turn on or off the application
of white balancing enhancement for an image. As such, if the
“Off” box at line 402 is selected by the user, a method (e.g.,
flowchart 100 or 300) of white balancing an image in
accordance with an embodiment of the present invention
will not be performed. Furthermore, if the user chooses to
have white balancing enhancement applied to the image by
selecting the “On” box at line 402, the user is then able to
modify white balancing enhancement. For example, the user
may turn on or off the limited safeguard functionality at line
404 by selecting the corresponding box. In this manner, the
white balancing enhancement can include a safeguard that
limits the amount of correction that is applied to an image,
as described herein.

[0040] Tt is noted that other white balancing functionality
may be incorporated as part of the white balancing enhance-
ment dialog box 400 of FIG. 4. In this manner, the white
balancing dialog box 400 provides its user even more
options for specifically controlling the implementation of
white balancing for images. It is appreciated that the white
balancing enhancement dialog box 400 may be an optional
feature that provides users the ability to personalize the
white balancing enhancement associated with any image.

Exemplary Network in Accordance With the
Present Invention

[0041] FIG. 5 is a block diagram of an exemplary network
500 that may be utilized in accordance with an embodiment
of the present invention. Within networking environment
500 a computer 502 may be coupled to, but is not limited to,
a digital camera 510, an image scanner 504, a display device
512 and a printer 508. Specifically, the computer 502 and the
printer 508 are communicatively coupled to network 506. It
is appreciated that computer 502 and printer 508 may be
communicatively coupled to network 506 via wired and/or
wireless communication technologies. In this manner, com-
puter 502 is capacitated to transmit digital images for
printing to printer 508 via network 506.

[0042] The network 506 of networking environment 500
may be implemented in a wide variety of ways in accordance
with the present embodiment. For example, network 506
may be implemented as, but is not limited to, a local area
network (LAN), a metropolitan area network (MAN), a wide
area network (WAN) and/or the Internet. It is noted that
networking environment 500 is well suited to be imple-
mented without network 506. As such, computer 502 may be
communicatively coupled to printer 508 via wired and/or
wireless communication technologies. As such, computer
502 is able to transmit digital images to printer 508 to be
printed.

[0043] Within FIG. 5, the digital camera 510 and image
scanner 504 may be communicatively coupled to computer
502. It is understood that the digital camera 510 and scanner
504 may be communicatively coupled to computer 502 via
wired and/or wireless communication technologies. In this
fashion, the digital camera 510 and the image scanner 504
are able to transmit digital images to the computer 502
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where they may be stored. Subsequently, the digital images
may be output by computer 502 to be seen on display device
512 by a viewer. Furthermore, the digital images may be
output by computer 502 to printer 508 via network 506 to
subsequently be printed.

[0044] Tt is noted that the digital camera 510 may not be
coupled to computer 502. That is, the digital camera 510
may be implemented in such a manner that an embodiment
(e.g., flowchart 100 or flowchart 300) of the present inven-
tion may be employed to operate as part of it or with any
type of imaging system or device (e.g., image scanner 504,
printer 508, computer 502 and/or the like).

Exemplary Hardware in Accordance With the
Present Invention

[0045] FIG. 6 is a block diagram of an embodiment of an
exemplary computer system 502 that may be used in accor-
dance with the present invention. It is understood that
system 502 is not strictly limited to be a computer system.
As such, system 502 of the present embodiment is well
suited to be any type of computing device (e.g., server
computer, desktop computer, laptop computer, portable
computing device, etc.). Within the discussions of the
present invention herein, certain processes and steps were
discussed that may be realized, in one embodiment, as a
series of instructions (e.g., software program) that reside
within computer readable memory units of computer system
502 and executed by a processor(s) of system 502. When
executed, the instructions cause computer 502 to perform
specific actions and exhibit specific behavior which are
described herein.

[0046] Computer system 502 of FIG. 6 comprises an
address/data bus 610 for communicating information, one or
more central processors 602 coupled with bus 610 for
processing information and instructions. Central processor
unit(s) 602 may be a microprocessor or any other type of
processor. The computer 502 also includes data storage
features such as a computer usable volatile memory unit
604, c.g., random access memory (RAM), static RAM,
dynamic RAM, etc., coupled with bus 610 for storing
information and instructions for central processor(s) 602, a
computer usable non-volatile memory unit 606, e.g., read
only memory (ROM), programmable ROM, flash memory,
erasable programmable read only memory (EPROM), elec-
trically erasable programmable read only memory
(EEPROM), etc., coupled with bus 610 for storing static
information and instructions for processor(s) 602.

[0047] System 502 also includes one or more signal gen-
erating and receiving devices 608 coupled with bus 610 for
enabling system 502 to interface with other electronic
devices. The communication interface(s) 608 of the present
embodiment may include wired and/or wireless communi-
cation technology. For example, in one embodiment of the
present invention, the communication interface 608 is a
serial communication port, but could also alternatively be
any of a number of well known communication standards
and protocols, e.g., a Universal Serial Bus (USB), an Eth-
ernet adapter, a FireWire (IEEE 1394) interface, a parallel
port, a small computer system interface (SCSI) bus inter-
face, an infrared (IR) communication port, a Bluetooth
wireless communication adapter, a broadband connection,
and the like. In another embodiment, a digital subscriber line
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(DSL) connection may be employed. In such a case the
communication interface(s) 608 may include a DSL modem.
Additionally, the communication interface(s) 608 may pro-
vide a communication interface to the Internet.

[0048] Optionally, computer system 502 can include an
alphanumeric input device 614 including alphanumeric and
function keys coupled to the bus 610 for communicating
information and command selections to the central proces-
sor(s) 602. The computer 502 can also include an optional
cursor control or cursor directing device 616 coupled to the
bus 610 for communicating user input information and
command selections to the processor(s) 602. The cursor
directing device 616 can be implemented using a number of
well known devices such as a mouse, a track ball, a track
pad, an optical tracking device, a touch screen, etc. Alter-
natively, it is appreciated that a cursor can be directed and/or
activated via input from the alphanumeric input device 614
using-special keys and key sequence commands. The
present embodiment is also well suited to directing a cursor
by other means such as, for example, voice commands.

[0049] The system 502 of FIG. 6 can also include a
computer usable mass data storage device 618 such as a
magnetic or optical disk and disk drive (e.g., hard drive or
floppy diskette) coupled with bus 610 for storing informa-
tion and instructions. An optional display device 512 is
coupled to bus 610 of system 502 for displaying video
and/or graphics. It should be appreciated that optional dis-
play device 512 may be a cathode ray tube (CRT), flat panel
liquid crystal display (LCD), field emission display (FED),
plasma display or any other display device suitable for
displaying video and/or graphic images and alphanumeric
characters recognizable to a user.

[0050] Accordingly, embodiments of the present invention
can enable a computer device, or devices that include an
embedded computer, that performs digital image processing
to correctly white balance digital images that include human
facial regions.

[0051] The foregoing descriptions of specific embodi-
ments of the present invention have been presented for
purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed, and it is evident many modifica-
tions and variations are possible in light of the above
teaching. The embodiments were chosen and described in
order to best explain the principles of the invention and its
practical application, to thereby enable others skilled in the
art to best utilize the invention and various embodiments
with various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention
be defined by the claims appended hereto and their equiva-
lents.

What is claimed is:
1. A method for white balancing an image, said method
comprising:
determining a location of a human facial region within
said image;
determining skin color of said human facial region;
determining a correction factor to change said skin color

to substantially match a range of known skin colors;
and

applying said correction factor to said image to provide
white balancing.
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2. The method as described in claim 1, further comprising:

determining whether said human facial region exists
within said image.
3. The method as described in claim 2, further comprising:

applying a technique other than said correction factor to
said image to provide white balancing to said image.

4. The method as described in claim 1, further comprising:

determining whether said skin color substantially matches

said range of known skin colors.

5. The method as described in claim 1 wherein said image
is a digital image.

6. The method as described in claim 1 wherein said
method is performed by a printer driver, a digital camera, an
image scanner or a computer.

7. The method as described in claim 1 wherein said
determining said skin color of said human facial region
comprises determining a centroid of the hue and chroma
distribution of said human facial region.

8. The method as described in claim 7, further comprising:

determining whether said centroid of the hue and chroma
distribution of said human face region substantially
match said range of known skin colors.

9. The method as described in claim 8, further comprising:

provided said centroid of the hue and chroma distribution
of said human face region substantially matches said
range of known skin colors, omitting the performance
of said determining said correction factor and said
applying said correction factor to said image.

10. The method as described in claim 1 wherein said
determining said skin color of said human facial region
comprises utilizing an image smoothing technique on said
human facial region.

11. The method as described in claim 1 wherein said
determining said skin color of said human facial region
comprises determining an average of the hue and chroma of
said human facial region.

12. The method as described in claim 1 wherein said
determining said skin color of said human facial region
comprises removing outlier hue and chroma values of said
human facial region.

13. The method as described in claim 1, wherein said
determining said correction factor further comprises a
defined limit for said correction factor.

14. The method as described in claim 13, further com-
prising:

determining whether said correction factor exceeds said
defined limit.

15. The method as described in claim 1, further compris-
ing:

determining whether white balancing is enabled; and

provided said white balancing is not enabled, omitting the
performance of said determining said location of said
human facial region, said determining skin color of said
human facial region, said determining said correction
factor, and said applying said correction factor to said
image.
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16. The method as described in claim 1, further compris-
ing at least one of storing the white balanced image, printing
the white balanced image, and displaying the white balanced
image.

17. A method for white balancing a digital image, said
method comprising:

locating a human facial region within said digital image;
determining color of said human facial region;

determining whether said color substantially matches an
existing flesh color;

provided said color does not substantially match said
existing flesh color, ascertaining a correction factor to
alter said color of said human facial region to substan-
tially match said existing flesh color; and

applying said correction factor to said digital image.
18. The method as described in claim 17, further com-
prising:

provided said color substantially matches said existing
flesh color, omitting the performance of said ascertain-
ing said correction factor and said applying said cor-
rection factor to said digital image.
19. The method as described in claim 18, further com-
prising:

determining whether said human facial region resides

within said digital image.

20. The method as described in claim 17, wherein said
method is performed by a printer driver, a digital camera, an
image scanner or a computer.

21. The method as described in claim 17, wherein said
determining said color of said human facial region com-
prises determining a centroid of the hue and chroma distri-
bution of said human facial region.

22. A system for white balancing a digital image, said
system comprising:

means for ascertaining a location of a human facial region
within said digital image;

means for ascertaining skin color of said human facial
region;

means for ascertaining a correction factor to alter said
skin color of said human facial region to substantially
match an existing flesh color; and

means for employing said correction factor to said digital
image to provide white balancing.
23. The system as described in claim 22, further com-
prising:

means for deciding whether said human facial region
resides within said digital image.
24. The system as described in claim 23, further com-
prising:
means for applying a technique other than said correction
factor to said digital image to provide white balancing
to said digital image.
25. The system as described in claim 22, further com-
prising:
means for ascertaining whether said skin color substan-
tially matches said existing flesh color.
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26. The system as described in claim 22 wherein said
system is associated with a printer driver, a digital camera,
an image scanner or a computer.

27. The system as described in claim 22 wherein said
means for ascertaining said skin color of said human facial
region comprises ascertaining a centroid of the hue and
chroma distribution of said human facial region.

28. The system as described in claim 22 wherein said
means for ascertaining said skin color of said human facial
region comprises employing an image smoothing technique
on said human facial region.

29. The system as described in claim 22 wherein said
means for ascertaining said skin color of said human facial
region comprises ascertaining an average of the hue and
chroma of said human facial region.

30. The system as described in claim 22 wherein said
means for ascertaining said skin color of said human facial
region comprises excluding outlier hue and chroma values
of said human facial region.

31. A computer readable medium having computer read-
able code embodied therein for causing a system to perform:

ascertaining a position of a human facial region within a
digital image;

determining skin color of said human facial region;

ascertaining a correction factor to adjust said skin color to
substantially match a known range of flesh colors; and

implementing said correction factor to said digital image
to provide white balancing.
32. The computer readable medium as described in claim
31, further comprising:

deciding if said skin color substantially matches said

range of known flesh colors.

33. The computer readable medium as described in claim
31 wherein said computer readable medium is associated a
printer driver, a digital camera, an image scanner or a
computer.

34. The computer readable medium as described in claim
31 wherein said determining said skin color of said human
facial region comprises ascertaining a centroid of the hue
and chroma distribution of said human facial region.

35. The computer readable medium as described in claim
34, further comprising:

ascertaining whether said centroid of the hue and chroma
distribution of said human face region substantially
match said range of known flesh colors.
36. The computer readable medium as described in claim
35, further comprising:

provided said centroid of the hue and chroma distribution
of said human face region substantially matches said
range of known flesh colors, omitting the performance
of said ascertaining said correction factor and said
implementing said correction factor to said digital
image.

37. The computer readable medium as described in claim
31 wherein said determining said skin color of said human
facial region comprises employing an image smoothing
technique on said human facial region.

38. The computer readable medium as described in claim
31 wherein said determining said skin color of said human
facial region comprises ascertaining an average of the hue
and chroma of said human facial region.
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39. The computer readable medium as described in claim
31 wherein said determining said skin color of said human
facial region comprises discarding outlier hue and chroma
values of said human facial region.

40. The computer readable medium as described in claim
31 further comprises receiving data associated with said
digital image.

41. The computer readable medium as described in claim
31, wherein said ascertaining said correction factor further
comprises a defined boundary for said correction factor.

42. The computer readable medium as described in claim
41, further comprising:

ascertaining whether said correction factor is beyond said
defined boundary.
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43. The computer readable medium as described in claim
31, further comprising:

determining whether white balancing is enabled; and

provided said white balancing is disabled, omitting the
performance of said ascertaining said position of said
human facial region, said determining skin color of said
human facial region, said ascertaining said correction
factor, and said implementing said correction factor to
said digital image.

44. The computer readable medium as described in claim
31, further comprising at least one of storing the white
balanced digital image, printing the white balanced digital
image, and displaying the white balanced digital image.
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