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(57) ABSTRACT

At least some embodiments of the present disclosure directs
to a method for processing an input image having an
embedded element, comprising the steps of: computing one
or more histograms of the input image; identifying a range
of interest in one of the one or more histograms; and
determining, by the processor, a threshold based on the
range of interest. In some embodiments, a computing device
processes the input image using the threshold to generate an
output image.
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APPARATUS AND METHODS FOR
PREPROCESSING IMAGES HAVING
ELEMENTS OF INTEREST

TECHNICAL FIELD

[0001] The present disclosure relates to preprocessing for
images having elements of interest.

SUMMARY

[0002] At least some embodiments of the present disclo-
sure directs to a method for processing an input image
having an embedded element, comprising the steps of:
computing, by a processor, one or more histograms of the
input image, wherein each of the one or more histograms is
computed on a color plane in a color space; selecting a color
plane in the color space; identifying a range of interest in one
of the one or more histograms, the one of the one or more
histograms computed on the selected color plane; determin-
ing, by the processor, a threshold based on the range of
interest; and processing, by the processor, the input image
using the threshold to generate an output image,

[0003] wherein the range of interest is identified at least in
part based on a known color intensity of the embedded
element.

[0004] At least some embodiments of the present disclo-
sure directs to a device comprising: a processor; and a
memory device coupled to the processor and having a
program stored thereon for execution by the processor to
perform operations comprising: computing one or more
histograms of the input image, wherein each of the one or
more histograms is computed on a color plane in a color
space; selecting a color plane in the color space; identifying
a range of interest in one of the one or more histograms, the
one of the one or more histograms computed on the selected
color plane; determining a threshold based on the range of
interest; and processing the input image using the threshold
to generate an output image, wherein the range of interest is
identified at least in part based on a known color intensity of
the embedded element.

BRIEF DESCRIPTION OF DRAWINGS

[0005] The accompanying drawings are incorporated in
and constitute a part of this specification and, together with
the description, explain the advantages and principles of the
invention. In the drawings,

[0006] FIG. 1 illustrates a system diagram of one example
of an image preprocessing system;

[0007] FIG. 2A is one example of a flow diagram of an
image preprocessing system;

[0008] FIG. 2B is another example of a flow diagram of an
image preprocessing system;

[0009] FIGS. 2C-1 and 2C-2 illustrate a flow diagram of
one example of an image preprocessing system;

[0010] FIGS. 3A-31 illustrate one example process of
image preprocessing system; and

[0011] FIGS. 4A-4I illustrate one example of the image
preprocessing system preprocessing an image with an ele-
ment of interest, where FIGS. 4A, 4D, and 4G each is a
single plane image for a workspace picture.

[0012] In the drawings, like reference numerals indicate
like elements. While the above-identified drawings, which
may not be drawn to scale, set forth various embodiments of
the present disclosure, other embodiments are also contem-
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plated, as noted in the Detailed Description. In all cases, this
disclosure describes the presently disclosed disclosure by
way of representation of exemplary embodiments and not by
express limitations. It should be understood that numerous
other modifications and embodiments can be devised by
those skilled in the art, which fall within the scope and spirit
of this disclosure.

DETAILED DESCRIPTION

[0013] Single and multi-dimensional codes embedded in
tags are ubiquitous in the world. Applications in retail,
shipping, and identification are everywhere. The hardware
and software required to decode the tag ranges from custom
equipment (e.g. point of sale laser scanners) to smart phones
with embedded cameras. The image processing software
required to decode the tags must perform a variety of tasks,
including: 1) single or multiple tag identification in the
possibly cluttered image; 2) tag orientation (e.g. rotation and
translation); and 3) decoding and error detection/correction
of the embedded codes.

[0014] The more cluttered the given image is, the more
computational resources are required to process the image.
In many cases (e.g. portable battery powered devices),
computing resources are limited so processing time becomes
a major problem. This problem is compounded when dealing
with video streams, where processing time is constrained by
the frame rate, or where the computing resources are per-
forming multiple simultaneous tasks (e.g. image processing
and rendering). Some embodiments of the present disclosure
describe systems and methods for processing an image
having an embedded element to generate an output image
such that the embedded element in the output image can be
extracted with less time and computing resource consump-
tion. Some embodiments of the present disclosure describe
a method of pre-processing an image which contains a single
or multi-dimensional coded element (e.g. 2D code) such that
the element can be decoded faster and more efficiently by
decoding software. In some embodiments, the method
includes the steps of selecting a color channel from the input
having one or more embedded elements, which can be a
sequence of images or a still image, processing the color
channel of the input to generate data distribution information
to separate the embedded element(s) from other elements in
the input, determining a threshold based on the processed
data, and generating an output image based on the threshold.
In some embodiments, the method includes the steps of
separating the image into its N constituent colors, choosing
one of the N colors, processing that color constituent to
maximize the embedded element(s) and minimize all other
elements, and then generating an output image, which will
be provided to image processing software to extract infor-
mation from the embedded element(s), for example, decod-
ing software.

[0015] The functions, algorithms, and methodologies
described herein may be implemented in software in one
embodiment. The software may consist of computer execut-
able instructions stored on computer readable media or
computer readable storage device such as one or more
non-transitory memories or other type of hardware-based
storage devices, either local or networked. Further, such
functions correspond to modules or processors, which may
be software, hardware, firmware or any combination thereof.
Multiple functions may be performed in one or more mod-
ules or processors as desired, and the embodiments
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described are merely examples. The software may be
executed on a digital signal processor, ASIC, microproces-
sor, or other type of processor operating on a computer
system, such as a personal computer, server or other com-
puter system, turning such a computer system into a spe-
cifically programmed machine.

[0016] In some cases, the embedded element is a one
dimensional or two-dimensional element having a differen-
tiable symbolic meaning. In some cases, the embedded
element is a graphical element. In some embodiments, the
embedded element is a code, which can be a one dimen-
sional or multidimensional code. In some cases, the embed-
ded element is an obscured code. An obscured code refers to
a code that is not normally visible to the human eye, but,
with the use of specialized equipment, can be rendered
visible to the human eye or readable by specialized equip-
ment. Examples of obscured codes are codes visible in
wavelengths invisible to the human eye, for example, infra-
red codes, ultraviolet codes, or codes which rely on manipu-
lation of light polarization.

[0017] FIG. 1 illustrates a system diagram of one example
of an image preprocessing system 100. In the illustrated
example, the system 100 includes image data 110 including
an embedded element 112 and other elements 114, an image
capturing device 130, and a computing device 120, and an
optional illumination device 140. The image preprocessing
system 100 will provide the output image to image process-
ing software 150 for further processing, for example, code
extraction, decoding, or the like.

[0018] Insome embodiments, image capture device 130 is
a camera or other component configured to capture image
data, for example, a video stream, a sequential image, or a
still image. In some examples, the image capture device 130
can be a camera of a mobile device. In some cases, image
capture device 130 may comprise other components capable
of capturing image data, such as a video recorder, an infrared
camera, a CCD (Charge Coupled Device) or CMOS array, a
laser scanner, or the like. Additionally, the captured image
data 110 can include at least one of an image, a video, a
sequence of images (i.e., multiple images taken within a
time period and/or with an order), a collection of images, or
the like, and the term input image is used herein to refer to
the various example types of image data.

[0019] In some embodiments, the illumination device 140
(e.g. camera flash unit) capable of emitting 2 or more
simultaneous wavelengths and controllable by the comput-
ing device 120 and/or the imaging capture device 130. In
some cases, the illumination device 140 can output human
eye visible and invisible wavelengths (e.g. infrared or ultra-
violet light) assuming that the imaging capture device 130 is
sensitive to the selected wavelengths.

[0020] In some embodiments, the embedded element 112
and/or at least one of the other elements 114 have a known
image attribute, such that the computing device 120 can
select a preprocessing approach based on the known image
attribute. An image attribute refers to an attribute identifiable
in an image, for example, color intensity, texture, and the
like.

[0021] The computing device 120 can be any device,
server, or equipment having computing power, including but
not limited to, circuits, a computer, a processor, a processing
unit, a mobile device, a microprocessor, a tablet computer,
or the like. In some cases, the computing device 120 can be
implemented on a shared computing device. Alternatively, a
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component of the computing device 120 can be imple-
mented on multiple computing devices. In some implemen-
tations, various modules and components of the computing
device 120 can be implemented as software, hardware,
firmware, or a combination thereof.

[0022] In some embodiments, the preprocessing system
100 is designed to preprocess the image to generate an
output image for standard decoding software of single and
multi-dimensional coded images (e.g. QR codes) which
utilize high visibility materials, particularly those tags with
retro-reflective materials, which are illuminated by the illu-
mination device 140. Some embodiments of the present
disclosure can be used in conjunction with decoding soft-
ware on resource limited hardware such as smartphones or
embedded systems with embedded or connected color cam-
eras/imagers equipped with multi-wavelength (e.g. white or
RGB light) illumination sources. In some cases, the prepro-
cessing system 100 can reduce the clutter in a captured
image by enhancing embedded element(s) of interest in the
image and suppressing other elements, including the back-
ground. In some cases, the preprocessing system 100 is
optimized for speed rather than object identification which
makes it useful for scanning video streams, sequential
images (e.g. ticket scanning), or panoramic static imagery
(e.g. tags on walls).

[0023] FIG. 2A is one example of a flow diagram of an
image preprocessing system. In some cases, the sequence of
steps in the flow diagram may not have the exact order. The
image preprocessing system first receives an input image
(step 210A), where the input image can be a video stream,
a sequence of images, or a still image. In some cases, the
input image is captured by an image capture device. In some
cases, the preprocessing system generates single-plane
images (step 215A), where each single-plane image corre-
sponds to a color plane in the color space of the input image.
The applicable color spaces include, but not limited to, RGB
(red, green, and blue), LAB (e.g., Hunter 1948 L,a.b color
space, CIE 1976 (L*, a*, b*) color space), CMYK(cyan,
magenta, yellow, and key (black)), HSV (hue, saturation,
and value), HSL (hue, saturation, and lightness), HSI (hue,
saturation, and intensity), sSRGB (standard red, green, and
blue) color space. In one example, a single-plane image is
generated by utilizing a Bayer filter on the input image such
that each pixel is made up of a combination of three primary
colored (e.g., red, green, and blue) subpixels; a color plane
is made up of same color subpixels over the rectangular
array of pixels.

[0024] For a specific color plane, a new image, referred to
as P-Image, is generated with the color plane data. In one
example, a P-Image contains the chosen color plane data
only, such that P-Image is then one third of the size of the
original input image in a color space having three color
planes. As another example, the P-Image can be constructed
by replicating the chosen color plane data in the remaining
color planes such that the P-Image size equals the original
image size. As one example for an input image in the RGB
color space, if the Red plane was chosen, the Green and Blue
planes would be populated with the corresponding Red data.
The P-Image would have a third of the image resolution of
the original image. As another example of constructing a
P-image, apply functions F1 (chosen plane) and F2 (chosen
plane) to the chosen single-plane image data to generate the
data for the remaining color planes; the P-Image size would
equal to the original image size. Examples of functions
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could be, but are not limited to, linear functions (e.g.
Fn(pixel )=K*pixel) or nonlinear functions (e.g. Fn(pixel=If
(pixel=<K) Then pixel=0 Else pixel=1).

[0025] After P-Image is generated, it is translated into a
grayscale image, for example, to simplify the computation
and reduce the amount of time and/or resources of comput-
ing. P-Image can be converted to grayscale in several ways.

[0026] 1i. If P-Image uses the chosen single-plane data
only, it is already multi-bit grayscale;

[0027] ii. If P-Image is in RGB format with chosen
plane data, then it can be translated into grayscale
format by applying a translation function, GS(R,G,B),
to generate the grayscale image. Some example func-
tions include but are not limited to, for each pixel with
values of R in red channel, G in green channel, and B
in blue channel:

GS(R,G.B)=[max(R,G,B)+min(R,G.B)]/2 (1
GS(R,G,B)=(R+G+B)/3 ()]
GS(R,G.B)=0.21*R+0.72*G+0.0T*R (3)
[0028] P-Image can also be converted to 1-bit grayscale by

thresholding, where the greyscale pixel value is 1 or 0
depending on whether the P-Image pixel value is greater
than a predetermined threshold. In some cases where multi-
bit data is desirable, thresholded pixels can be assigned
values 0 or [(2"Res)-1], where Res is the pixel resolution in
bits. For example, if Res=8 bits, values are 0 and 255.
[0029] Next, the system computes one or more histograms
of the input image, each histogram corresponding to a
single-plane of the image (220A). In some embodiments, the
system selects a color plane in the color space of the input
image (step 225A). In some cases, the color plane is selected
based on the embedded element of interest captured in the
input image, and/or other elements captured in the input
image. In some cases, the color plane is selected based on a
known color property of the embedded element of interest
captured in the input image, and/or a known color property
of other elements captured in the input image. For example,
for an input image in RGB color space having a monitor in
the background, a green color plane or a red color plane will
be selected. In some cases, the color plane can be selected
based on knowledge of the image capture device, the illu-
mination device, the embedded element of interest, and the
image background information, or optionally, it may be
chosen by applying a function (e.g. image average or
standard deviation) to the single-plane image data and
calculating the best candidate. Possible choice criteria may
include but are not limited to data distribution (i.e. histo-
gram), image noise, image contrast, image statistics, and
dynamic range.

[0030] Insome cases, step 220A is done before step 225A.
In some cases, step 225A is done before step 220A. Next, the
system identifies a plurality of peak values or a range of
interest in one of the one or more histograms (step 230A),
where the one histogram is corresponding to the selected
color plane. In some cases, the histogram is filtered to
remove high frequency noise. In some cases, a convolutional
matrix filter is used to smooth out high frequency noise. In
one example, the kernel (K) for the filter is a 3x3 matrix
KJ[0:2,0:2] where K[1,1]=0 and K[x< >1,y<>1]=1, such that
the computation when applying the filter is simplified. In the
above example, the kernel is chosen for speed rather than for
fidelity. Other filters and kernels for filtering can be used. In
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some cases, the system selects a range of interest in the
histogram of the selected color plane based on a known color
intensity of the embedded element and/or other elements of
the input image. In some cases, the system selects two or
more peak values in the histogram by determining local
maximum values, which is described in more details later.
[0031] The system determines a threshold based on the
plurality of peak values or values in the range of interest
(240A). In some example, the embedded element is an
element having high color intensity. For example, the
embedded element is a retroreflective tag. High intensity
elements are often the brightest objects in the input image,
for example, elements having pixel values close to the
maximum pixel image value. In some embodiments, the
threshold is calculated as a function of the plurality of peak
values. In some cases, the threshold is calculated as a
function of histogram values in the range of interests.
[0032] The system further processes the input image using
the threshold to generate an output image (250A). After
setting the Threshold Value, a thresholded image file T-Im-
age[N,M|=Threshold(L.-Image[N,M], Threshold-Value) is
generated. The thresholded image file T-Image[N,M] can be
passed to other image processing software, for example,
decoding software.

[0033] FIG. 2B is another example of a flow diagram of an
image preprocessing system. First, the system illuminates a
tag, one example of an element of interest in a selected color
(step 210B). In some cases, the selected color is a prime
color. The system captures a single-plane image (step 215B).
In some cases, the system may illuminate the tag with other
color(s) and capture other single-plane image(s). The sys-
tems will compute one or more histograms of the input
image(s) (step 220B). The other steps are the same as the
steps in FIG. 2A.

[0034] FIGS. 2C-1 and 2C-2 illustrate a flow diagram of
one example of an image preprocessing system. Some of the
steps are optional and some steps may be placed in different
order. In this example, the system captures an image or
receives an image (step 210C). Next, the system separates
the image into M constituent plane images (step 215C). For
example, the system separates an RGB image into a red
plane image, a green plane image, and a blue plane image.
The system generates a histogram for each plane image (step
220C) and then chooses a plane P by apply selection criteria
described herein (step 225C). The system decides whether a
filter should be applied (step 230C), either by evaluating the
histogram for plane image P and/or by a configuration
parameter; if yes, a noise filter will be applied (235C).
Further, the system builds a peak array [1:N] from local peak
values in histogram P (240C) and calculates a threshold
value TB as a function of the peak array [1:N] (step 245C).
[0035] The system evaluates whether the output image
should be binary image (step 250C) and if yes, set Min_
Value=0 and Max_Value=1 (step 251C); and if no, set
Min_Value=0 and Max_Value=Image_max, where Image_
max=2"R-1 for image with R bit pixels (step 252C). The
system will build a thresholded image T by thresholding all
pixels of plane P such that Pixel=Min_Value if Pixel<=TV,
otherwise Pixel=Max_Value (step 255C). The system
receives input on whether the output image should be a
single plane image (step 260C). The input may depend on
the image processing software to receive the output image.
If the output image is not a single plane image, the system
may compute all image plane [1:M] as a function of plane
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T (step 265C) and create an output Image-T based on all
planes (step 285C). If the output image is a single plane, the
output Image-T=Plane T (step 270C). Optionally, the system
formats Image-T for the decoding software or another pro-
cessing software (step 275C). Further, the system sends or
provides Image-T to the decoding software or another pro-
cessing software (step 280C).
[0036] FIGS. 3A-31 illustrate one example process of
image preprocessing system. FIG. 3A shows an example of
the histogram of an RGB image (top of figure) that has been
separated into its three constituent color planes (Red, Green,
and Blue shown below left to right). In each color plane, a
range of interest (ROI) corresponding to the probable value
range for an element of interest is outlined. In some cases,
the ROI is defined as a percentage of the maximum pixel
value, e.g. the top 25% of the range of values (75% of max
value to the max value). The ROI for each color plane is
examined and, depending the characteristics, one or two
planes are chosen. In the FIG. 3A example, the blue plane
ROI is uniformly populated with many samples, so it is not
a good candidate. The red plane has a very large peak at the
lower end of the ROI which could might make finding the
element of interest more difficult, in the example of the
element of interest being the brightest object in the image.
The Green plane is more sparsely populated with less high
frequency noise, so it is the best candidate for this example.
[0037] When a plane has been chosen, the system can
make a choice as to whether the plane data or the histogram
data require filtering. FIG. 3B shows the green plane histo-
gram chosen in from the example RGB image of FIG. 3A.
FIG. 3D shows unfiltered histogram; FIG. 3E shows a
histogram filtered with a low pass filter (LPF); and FIG. 3F
shows a histogram generated from the green plane data
filtered by an LPF. For this example, filtering the plane data
has not improved the resulting histogram, while filtering the
histogram data has reduced some noise, especially in the
ROL
[0038] FIG. 3B shows the exemplary green plane histo-
gram from FIG. 3A with the ROI delimited by dotted lines.
As previously described, the ROI is the range of values most
likely to contain the element of interest image data.
Although thresholded images are easier to decode, a method
which may yield acceptable results, is computationally fast,
and does not require thresholding is to establish a cutoff
value corresponding to the lowest value in the ROI and use
it to transform the green plane pixel data according to the
following rule:
[0039] If (CPix[X,Y]<Cutoff)

[0040] Then TPix[X,Y]=0

[0041] Else TPix[X,Y]=CPix[X,Y]

where CPix[X,Y] are pixel values from the chosen plane
(e.g. green plane), and TPix[X,Y] are pixel values for the
plane to be transmitted to image processing software, for
example, decoding software. The histogram for the trans-
formed exemplary Green plane is shown on the bottom of
FIG. 3C.
[0042] For cases where thresholding is desired, FIGS.
3G-31 show three examples of how a threshold value
(“Threshold Value”) can be computed. FIG. 3G shows the
ROI of the exemplary green plane of FIG. 3A. In this
histogram, the mean value of the ROI, mean, is calculated in
the usual way. The mean value is subtracted from the
maximum value, referred to as “Max”, in the histogram (i.e.
[2"Resolution—1] where Resolution is the pixel resolution in
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bits). This difference is divided by 2 and then added to the
Mean value to yield the Threshold Value, such that

Threshold Value=(Max—Mean)/2+Mean (6)

[0043] FIG. 3H shows the ROI of the exemplary green
plane of FIG. 3A. In this histogram, the mean value is again
calculated along with the standard deviation, referred to as
“SD”, for the ROI. The Threshold Value is calculated as
follows:

Threshold Value=Mean+N*SD (7

where N is a number between 1 and 2.

[0044] FIG. 31 shows the ROI of the exemplary green
plane of FIG. 3A. In this histogram, vertical lines have been
added which indicate peaks in the histogram. In this
example, examination of the peaks show that they are
clustered around three values (indicated by the circles); in
other cases, the peaks might be more distinct. To calculate
the Threshold value in this case, one would calculate the
difference between the first peak minimum edge (or center
if not clustered), Pk1, and the second peak maximum edge
(or center if not clustered), Pk2; the difference is named G.
The Threshold Value is calculated as follows:

G=Pkl1-Pk2

Threshold Value=Pk2+M*G (®)

Where M is a number between 0.25 and 0.75, and Pk1>Pk2.
[0045] Once the selected plane or planes have been pro-
cessed (e.g. thresholded or transformed), the output image is
assembled as described previously and then passed to soft-
ware or processing unit for further processing.

[0046] FIGS. 4A-4] illustrate one example of the image
preprocessing system preprocessing an image with an ele-
ment of interest 400. The system computes the histograms
for each color plane image (as shown in FIGS. 4A, 4D, and
4G), where the histograms are shown in FIGS. 4B, 4E, 4H.
The system selects the red plane image, because of its
relatively smooth data distribution and the large difference
between the white peak (data clustered around 255) and the
dark peaks (approximately 75 and 115). Examining at the
color plane images, the system finds that the blue plane has
more high brightness objects (e.g., monitor screens) than the
red and green planes. This is underscored in the histograms,
where the blue histogram shows much more density in the
right-most quadrant (i.e. highest brightness values) of the
histogram. The green and red histograms are approximately
equal in fourth quadrant density.

[0047] The system selects thresholds using one of the
embodiments described above and generates thresholded
images, as illustrated in FIGS. 4C, 4F, and 41 with the
element of interest 400 enlarged. The system evaluates the
thresholded color planes shows that one can easily isolate
the element of interest in the red and green planes, but not
in the blue plane, even though all three planes yield legible
Tag images. Although the thresholded green plane has
(marginally) less artifacts than the red plane, the red plane
would be a better choice for thresholding because the first
peak from the maximum value in the histogram (right end of
the red histogram) is better defined than in the Green plane
and would be easier to locate in software (e.g. using a
differential and locating the local maxima and minima).
[0048] The present invention should not be considered
limited to the particular examples and embodiments
described above, as such embodiments are described in
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detail to facilitate explanation of various aspects of the
invention. Rather the present invention should be under-
stood to cover all aspects of the invention, including various
modifications, equivalent processes, and alternative devices
falling within the spirit and scope of the invention as defined
by the appended claims and their equivalents.

1. A method for processing an input image having an
embedded element, the method comprising:

computing, by a processor, for each respective color plane

of'one or more color planes in a color space of the input
image, a respective histogram associated with the input
image;
selecting, by the processor, a selected color plane from the
one or more color planes in the color space;

identifying, by the processor, a range of interest in a first
histogram of the respective histograms based on (i) a
first known color property of the embedded element
and (i1) a second known color property of an element
different from the embedded element and represented
in the input image, wherein the first histogram is
computed on the selected color plane;

determining, by the processor, a threshold value based on

the range of interest; and

processing, by the processor, the input image based on the

threshold value to generate an output image.

2. The method of claim 1, wherein the input image is one
of a still image or a sequence of images.

3.-4. (canceled)

5. The method of claim 1, further comprising extracting,
by a processor, a representation of the embedded element
from the output image.

6. The method of claim 1, wherein the embedded element
comprises a code, the method further comprising interpret-
ing, by the processor, coded information from the embedded
element, the coded information representing the code.

7. The method of claim 6, wherein the code is a two-
dimensional code.

8. The method of claim 6, wherein the code is a one-
dimensional code.

9. The method of claim 1, further comprising filtering, by
the processor, the first histogram with a filter before iden-
tifying the range of interest.

10. The method of claim 9, wherein the filter comprises a
low pass filter.

11. The method of claim 10, wherein a kernel of the low
pass filter is a 3x3 matrix K[0:2,0:2] where K[1,1]=0 and
K[x< >1,y< >1]=l.
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12. The method of claim 1, wherein the output image is
a binary image based on the threshold value, wherein a pixel
in the output image has a maximum value if the pixel has a
color intensity value greater than the threshold value, and
wherein a pixel in the output image has a minimum value if
the pixel has a color intensity value lower than or equal to
the threshold value.

13. The method of claim 12, wherein the maximum value
is calculated with a formula of 2°r-1, where r is a pixel
resolution of the output image, and wherein the minimum
value is 0.

14. The method of claim 1, wherein the threshold value is
a function of histogram values in the range of interest.

15. The method of claim 1, wherein the first known color
property of the embedded element is a color intensity
proximate to a highest peak value in the first histogram.

16. A device comprising:

a memory device configured to store an input image

having an embedded element; and

a processor coupled to the memory device, the processor

being configured to:

compute, for each respective color plane of one or more
color planes in a color space of the input image
stored to the memory device, a respective histogram
associated with the input image;

select a selected color plane from the one or more color
planes in the color space;

identify a range of interest in a first histogram of the
respective histograms based on (i) a first known
color property of the embedded element and (ii) a
second known color property of an element different
from the embedded element and represented in the
input image, wherein the first histogram is computed
on the selected color plane;

determine a threshold value based on the range of
interest; and

process the input image based on the threshold value to

generate an output image.

17. The device of claim 16, wherein the input image is one
of a still image or a sequence of images.

18.-19. (canceled)

20. The device of claim 16, wherein the processor is
further configured to filter the first histogram with a filter
before the range of interest is identified.
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