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(57) ABSTRACT

A method for photocopying an original color document
reduces the amount of color in the resulting photocopy. This
is accomplished by scanning bands of the original document
to create image bands, detecting a background color in one
or more margins of the document that are within the scanned
image bands, determining a stretch factor based on the color
in the margins, and then scaling pixel values of the pixels by
the stretch factor. The stretch factor may be established in
one space, e.g., luminance space, and the scaling may be
performed in another space, e.g., RGB, though this is not an
absolute requirement. A device capable of performing the
foregoing thereby reduces the amount of color ink or color
toner consumed when the color background of an original
document is not needed in the photocopy.
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METHOD FOR IMAGE BACKGROUND
DETECTION AND REMOVAL

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] None

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] None

REFERENCE TO SEQUENTIAL LISTING, ETC
[0003] None

BACKGROUND

[0004] 1. Field of the Invention

[0005] The present invention relates generally to non-
white or color background detection and removal for used in
printers and all-in-one devices.

[0006] 2. Description of the Related Art

[0007] All-in-one devices such as printer-scanner-copier
products are expected to produce high quality copies at a
relatively fast rate of speed. Copying text targets such as
newspaper articles, receipts, etc. is a very common appli-
cation for such devices. Often, such targets contain a back-
ground color or shade that gets processed along with the text
contained in the target image. For example, aging newspaper
becomes yellow and such a color is prevalent throughout the
background of the paper. This background color/shade can
significantly slow down the copy operation as this back-
ground is printed out on the resulting output copy. Printing
out this background is often undesirable as it wastes ink and
time. High quality copiers contain algorithms to automati-
cally remove such background to improve not only the copy
time but also the perceived output quality.

[0008] For low cost all-in-devices, the amount of available
onboard memory may be less than the amount required to
store an entire scanned image. To improve performance and
reduce the on-board memory requirements, scanning and
printing are often paralleled such that as a band of an image
is scanned, it is processed and printed while the next band
of image is being scanned in. The nature of the operation
prevents the entire image from being analyzed to detect if a
background color exists so that a substantially 100% effec-
tive background removal method can be applied to the
image.

[0009] In order to decrease the amount of processing time
required by the device, bands of data are often analyzed to
determine if any printable data is present within the band,
printable data in this context meaning data that one desires
to have printed, such as text. If no such printable data is
present, then nothing is printed for that band of data. A
common method for determining whether any printable data
exists within the band analyzes the luminance of the image
data to determine if the entire band is considered whitespace.
If no pixel within the band exceeds a luminance threshold,
then that band is deemed to be whitespace.

[0010] One problem with this method lies in the fact that
very light color shades may have very high luminance
values but still be visible and thus printable. For instance,
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FIG. 1 shows an image 100 with a yellow-colored back-
ground 102, though with the color exaggerated so that it
appears in the printed patent. If this image is copied and
processed in bands and an 8-bit luminance threshold of 250
is used to determine whitespace (meaning a pixel of 250 or
more is considered whitespace), then certain image bands
will be detected with no printable data. Mixing incorrectly
detected whitespace bands and regions with printed image
data produces the image in FIG. 2. The thus-copied image
looks splotchy since while portions 204 of the color back-
ground were removed, other portions of the color back-
ground 202 were not, and so certain regions of the image
were incorrectly considered whitespace. The 8-bit lumi-
nance value of the yellow-colored background for this
particular image is 251 based on a scale where white would
have an 8-bit value of 255.

[0011] Some copier devices always “stretch” the image to
a lighter shade to remove common light color backgrounds
without actually attempting to detect if the target image
contains a non-white or color background and what that
color is. Using this technique often produces unwanted
results when copying an image containing any region of
light colors. Other devices use the first x-number of scan
lines to detect if a background color exists. However, this
technique fails to take into account if the target is placed at
the top of the scanner glass, and fails if it is not.

SUMMARY OF THE INVENTION

[0012] The present invention is directed to mitigating the
effects of a non-white or color background in a page to be
printed. This can be especially beneficial when copying a
page with a copier or all-in-one, when the original has
background color or shaded areas that should not, or need
not, be reproduced in the copy. This is done by reducing the
amount of a background color that appears in the final
printed copy.

[0013] In one aspect, the present invention is directed to a
method reducing a non-white or a color background in an
image having printable data. The method comprises obtain-
ing at least one first image band of said image, said at least
one first image band being devoid of printable data; obtain-
ing at least one second image band of said image, said at
least one second image band having printable data; deter-
mining information from a background color of pixels in
said at least one first image band and pixels in a lateral
margin portion of said at least one second image band; and
modifying pixel values in at least one third image band
based on said information to reduce an amount of color of
at least some pixels in the at least one third image band.

[0014] The determining and modifying steps may com-
prise determining a stretch factor based on the information;
and scaling pixel values in the at least one third image band
by said stretch factor. The stretch factor may depend on at
least one peak in a histogram of pixel values that are
representative of said pixels in said at least one first image
band and said pixels in a lateral margin portion of said at
least one second image band.

[0015] In another aspect, the present invention is directed
to a method of photocopying an original document having a
non-white or a color background and reducing an amount of
color in a resulting photocopy. The method comprises scan-
ning at least one band of said original document to thereby
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form at least one first image band, said at least one first
image band being devoid of printable data; scanning at least
one other band of said original document to thereby form at
least one second image band, said at least one second image
band having printable data; determining information from a
background color of pixels in said at least one first image
band and pixels in a lateral margin portion of said at least
one second image band; and modifying pixel values in at
least one third image band based on said information to
reduce an amount of color in the resulting photocopy.

[0016] In yet another aspect, the present invention is
directed to a device capable of photocopying an original
document having a color background and reducing an
amount of color in a resulting photocopy. The device is
configured, in a particular operator-selected mode, to scan at
least one band of said original document to thereby form at
least one first image band, said at least one first image band
being devoid of printable data; scan at least one other band
of'said original document to thereby form at least one second
image band, said at least one second image band having
printable data; determine information from a background
color of pixels in said at least one first image band and pixels
in a lateral margin portion of said at least one second image
band; and modify pixel values in at least one third image
band based on said information to reduce an amount of color
in the resulting photocopy.

[0017] The device may further be configured to determine
a stretch factor based on the information; and scale pixel
values in the at least one third image band by said stretch
factor. The device may further be configured to determine at
least one peak in a histogram of pixel values that are
representative of said pixels in said at least one first image
band and said pixels in a lateral margin portion of said at
least one second image band, to determine said stretch
factor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The patent or application file contains at least one
drawing executed in color. Copies of the patent or patent
application publication with color drawings(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0019] FIG. 1 shows an exemplary image scanned from a
document have a color background;

[0020] FIG. 2 shows the results of a prior art method for
removing a color background in the image of FIG. 1;

[0021] FIG. 3 depicts the regions of a scanned image of a
document having a color background;

[0022] FIG. 4 shows hypothetical image bands in the
scanned image of FIG. 3;

[0023] FIG. 5 shows a detailed portion of FIG. 4 where
pixels for a histogram are taken in accordance with one
embodiment of the present invention;

[0024] FIG. 6 is an exemplary histogram showing a
detected peak value;

[0025] FIG. 7 shows the results of using one embodiment
of the present invention on the image seen in FIG. 1;

[0026] FIG. 8a shows a simplified flow chart of one
embodiment in accordance with the present invention;
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[0027] FIG. 8b shows a detailed implementation of the
embodiment of FIG. 8a;

[0028] FIG. 9a shows a simplified flow chart of another
embodiment in accordance with the present invention;

[0029] FIG. 95 shows a detailed implementation of the
embodiment of FIG. 9a;

[0030] FIG. 10 illustrates a scanned image overlaid onto
a grid, with an enlarged area showing exemplary counts of
different types of pixels in some of the grid regions;

[0031] FIG. 11 is a flow diagram of a method for counting
pixels of different types of categories; and

[0032] FIG. 12 is a flow diagram of a method for detecting
a left margin of an image band.

DETAILED DESCRIPTION

[0033] It is to be understood that the invention is not
limited in its application to the details of construction and
the arrangement of components set forth in the following
description or illustrated in the drawings. The invention is
capable of other embodiments and of being practiced or of
being carried out in various ways. Also, it is to be understood
that the phraseology and terminology used herein is for the
purpose of description and should not be regarded as lim-
iting. The use of “including,”‘comprising,” or “having” and
variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional
items. Unless limited otherwise, the terms ‘“‘connected,
”“coupled,” and “mounted,” and variations thereof herein
are used broadly and encompass direct and indirect connec-
tions, couplings, and mountings. In addition, the terms
“connected” and “coupled” and variations thereof are not
restricted to physical or mechanical connections or cou-
plings.

[0034] In addition, it should be understood that embodi-
ments of the invention include both hardware and electronic
components or modules that, for purposes of discussion,
may be illustrated and described as if the majority of the
components were implemented solely in hardware. How-
ever, one of ordinary skill in the art, and based on a reading
of this detailed description, would recognize that, in at least
one embodiment, the electronic based aspects of the inven-
tion may be implemented in software. As such, it should be
noted that a plurality of hardware and software-based
devices, as well as a plurality of different structural com-
ponents may be utilized to implement the invention. Fur-
thermore, and as described in subsequent paragraphs, the
specific mechanical configurations illustrated in the draw-
ings are intended to exemplify embodiments of the invention
and that other alternative mechanical configurations are
possible.

[0035] The term output as used herein encompasses output
from any printing device such as color copier, color printers,
and so-called color “all-in-one devices” that incorporate
multiple functions such as scanning, copying, and printing
capabilities in one device. Such printing devices may utilize
ink jet, dot matrix, dye sublimation, laser, and any other
suitable print formats. The term button as used herein means
any component, whether a physical component or graphic
user interface icon, that is engaged to initiate output.
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[0036] FIG. 3 shows scanned image 300 from a flatbed
scanner belonging to a color photocopier, a color all-in-one
device, or the like. The scanner target area 302 encompasses
both the cover color 304 (usually white) found on the
underside of the scanner cover, and the document 306. The
document 306 has a background color 308 and text 310, the
latter being surrounded by a document margin comprising
the background color. It is desirable to print the text 310 in
the photocopy, but not the background color 308.

[0037] Devices in which scanning and printing are per-
formed in parallel may have a controller ASIC with limited
onboard memory. In such a device, it may not be possible to
store an entire image at one time in that memory. Therefore,
the image will be scanned and processed in horizontal image
bands of data, with only a few such image bands being
available for analysis at any given time during a photocopy
operation.

[0038] Some of these image bands may only comprise
cover color, while others will contain both cover color and
document. In those image bands where document is present,
some image bands may have only a background color while
other image bands will have both document background
color and text. FIG. 4 depicts an image 400 scanned into
image bands and shows hypothetical image bands juxta-
posed over the scanned image of FIG. 3. The first several
image bands in FIG. 4 are designated by reference numerals
402a-402g. Of these, a first set of image bands, the ones at
the “top” of the image and comprising image bands 402a,
4025 and 402¢, have cover color only. A second set of image
bands, namely image bands 402d, 402¢, 4027, and 402g,
have both cover color and document. Within this second set
are a third set of image bands comprising only those image
bands (4024, 402¢) that are devoid of printable data, and also
a fourth set of image bands comprising only those image
bands (402f, 402g) that include printable data. It is under-
stood that additional image bands, not designated by refer-
ence numerals in FIG. 4, will subsequently be scanned.

[0039] As also seen in FIG. 4, the document margin
portion of the document 306 includes a document top margin
404 that appears above the first printable-data-containing
image band 402/, a document left margin 406 that appears to
the left of the text, and a document right margin 408 that
appears to the right of the text. It can be seen from FIG. 4
that each of these document margins may be present in more
than one image band, and so each image band may have
document margin portions belonging to a larger document
margin (top, left or right) of the document. In the case of
FIG. 4, image bands 4024 and 402¢ each have document
margin portions that belong to the document top margin 404,
while image bands 402/ and 402¢g have document left and
document right margin portions that belong to left and right
document margins 406, 408, respectively. In addition, how-
ever, image bands 402d, 402¢, 402f'and 402g all have cover
margin portions located on either side of the document
portion within each such image band.

[0040] For convenience, we will simply refer to “margin
portion” when referring to both the document margin por-
tion and the cover margin portion. It is understood that there
sometimes may not be any cover margin portion, in which
case the term “margin portion” would simply refer to the
document margin alone. Also for convenience, we will use
the term “lateral margin portion” when referring to either a
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left margin portion or a right margin portion, or both. Thus,
an image band containing printable data, such as image
bands 402/, 402g, comprises a “printable data portion” (e.g.,
text in these image bands) bordered on one or both sides by
a lateral margin portion.

[0041] The color of the scanner cover is known. There-
fore, scanning portions of the scanner cover creates pixel
data whose luminance, chrominance and/or other pixel char-
acteristics are well understood for that device. It is further
understood that, in some instances, the scanned document
may not have been perfectly aligned relative to the edges of
the scanner area, and so the border of the document may be
angled or skewed relative to the scanner area, thus resulting
in cover color pixel areas whose width varies along the
length of the scanned document. This, too, is managed by
virtue of the well-understood characteristics of the cover
color pixel data, as is known to those skilled in the art.

[0042] Thus, in accordance with the present invention, for
the document 306, the first set of image bands comprising
images bands 4024, 402, 402¢ will contain cover color only.
These bands will be correctly labeled whitespace to prevent
further unnecessary image processing. Image bands 4024
and 402¢ contain image data from the top margin of the
document but contain none of the text contained in the
image. These bands 402d, 402¢ contain only the background
color of the target image along with the whitespace margins
of the scanner target area, and are devoid of printable data.
The image band 402f'is the first image band to contain any
portions of text characters at all.

[0043] In one embodiment, a predetermined luminance
threshold is used to decide if a pixel within an image band
is either whitespace or contains a light enough background
to be removed. For example, an 8-bit luminance value of 250
or above will represent a very light shade of color or
possibly pure white. If an image band is detected to have a
certain percentage of pixels at or above this luminance
value, then this band is considered to be whitespace/remov-
able background. For example, if a band of data contains
99% of pixels above 250 luminance, then that band is not
processed further but instead marked as whitespace/remov-
able background. For the example in FIG. 4, image bands
402a, 4025, 402¢, 402d and 402¢ will be detected as such
and nothing will be printed for these image bands during a
copy operation.

[0044] Image bands 402f and 402g contain printable text
and will be detected as a printable image band. However, the
background color must be detected and removed in order to
create an optimal copy output. Failure to properly detect and
remove the background will result in the top part of the copy,
image bands 402q, 4026 and 402¢ containing only
whitespace with the rest of the copy containing the colored
background, provided that such colored background is
present throughout the text.

[0045] In one embodiment, a full histogram of the last
detected whitespace/removable background image band is
performed to detect any color peaks, which indicate that a
color background exists. As discussed further below, the
luminance value corresponding to such a color peak is then
used to develop a stretch factor for modifying pixel values
to be printed.

[0046] In another embodiment, pixels in the lateral margin
portion of the first printable-data-containing image band are
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detected and histogrammed in order to determine the color
of the detected background. For this, the coordinates of
where printable data begins and ends for that first printable-
data-containing image band are determined. Pixels in that
image band outside these coordinates are then histogrammed
in order to detect the image background.

[0047] In yet another embodiment, pixels in both the last
detected whitespace/removable background image band and
pixels in the lateral margin portion of the first printable-
data-containing image band are histogrammed together.
FIG. 5 shows a portion of FIG. 4, indicating the region that
is histogrammed in this embodiment. As seen in FIG. 5,
pixels in the darkly shaded region 502, which comprises the
entire image band 402e (the last detected whitespace/remov-
able background image band), the left margin portion 504
(which includes both cover left and document left margin
portions) and right margin portion 506 (which includes both
cover right and document right margin portions) of the first
printable-data-containing image band, are used in the his-
togram.

[0048] Information about the background color, or “back-
ground detection”, is used in the present invention. In
particular, this information is used to modify at least some
pixel values so as to reduce an amount of color in the printed
output. In one embodiment, this information is obtained
from histogramming and peak detection.

[0049] Generally speaking, histogramming is performed
on pixel values that are representative of pixels in one or
more image bands. Thus, the histogramming can take place
in one of a number of spaces, e.g., the RGB space, lumi-
nance space, chrominance space, and in other spaces, as
well.

[0050] Peak detection can also be performed in a number
of ways. In a preferred embodiment, a peak is defined as
follows. If the total number of pixels M between a pixel
value x and a pixel value x+Ais greater than the total number
of pixels N in % of the histogrammed portion of the image,
then the background peak is taken to be the pixel value with
the largest count between x and x+A, where A is a range that
represents the width of the curve containing the peak in the
histogram. A range A is preferred because the background
color usually is not limited to a single value (regardless of
which space one uses), but rather to a small range of similar
values. §§ is the minimum percentage of the pixels in the
histogrammed image required to be found within the speci-
fied range, for the range to encompass a peak, and thus
signify a background. f§ is typically a high percentage value
since a background should comprise of most of the histo-
grammed portion of the image. In a preferred embodiment,
however, since we are histogramming margins of the first
printable-data-containing image band, and the immediately
preceding image band (which is devoid of printable data), a
[ on the order of 95% or so may be used, since there is no
printable data in these regions.

[0051] FIG. 6 presents an exemplary histogram of 6,500
pixels of an image. In this example, A=10 so as to create a
nominal range within which a background peak may reside.
5,000 pixels are detected between pixel values of x=230 and
x=240 (x+10). Therefore, x=230. If p=75%, then 5,000/6,
500=76.9%, which is greater than (. Therefore, a back-
ground peak has been detected. The largest count between
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230 and 240 is 235 and so, in this example, the peak 602 for
the background color is deemed to have a detected peak
pixel value of 235.

[0052] Another requirement that may be placed on back-
ground detection is that it must be greater than a certain pixel
value to ensure it is not a really dark background that would
be very destructive to remove. For example, a value of 200
can be used such that only peak values greater than 200 are
determined to be light enough to be considered a removal
background color/shade. In the example of FIG. 6, the pixel
value of 235 is greater than 200 and so still would qualify as
a background color under this criterion.

[0053] Given a detected peak value, every pixel can then
be modified based on information derived from the detected
peak value so as to reduce an amount of color. In one
embodiment, the modification calls for each pixel value to
be transformed by a stretch factor. In one embodiment the
stretch factor is given by the following Equation 1:

Output_Pixel Value=
Input_Pixel_Value*Stretch_Factorl

where Stretch_Factorl=255/Detected_Peak Value. Equation 1

[0054] Thus, in the case of FIG. 6 where the detected peak
value is 235, the stretch factor Stretch_Factorl is 255/235=
1.0851063, it being understood that decimal portions of the
resulting output pixel value may be rounded or truncated, as
desired. Equation 1 allows one to “scale” or “stretch™ all
pixel values such that input pixel values near the detected
peak are mapped onto an output pixel value of approxi-
mately 255. It is understood in this embodiment that the
histogramming is performed with the pixel values ranging
from 0-255 and so the detected peak is also in this range and
the stretch factor uses the value of 255 in the numerator. It
is further understood that if histogramming is done using
some other range, say, with a different maximum value, that
that maximum value would be used in the numerator.

[0055] When implemented in an ASIC in which operations
are performed in integer arithmetic, a slightly different
algorithm may be used to take advantage of enhanced
numeric precision. In such case, Equation 1 may be written
as Equation 2:

Input_Pixel Value=
Stretch_Factor2
128

Equation 2

Output_Pixel Value =

where
255128

Stretch_Factor = Detected_Peak Value

[0056] Thus, in the case of FIG. 6 where the detected peak
value is 235, the stretch factor Stretch_Factor2 is 255%
128/235=139 (after rounding/truncation).

[0057] 1t is also understood that the histogramming/peak
detection may be conducted in one space while the pixel
scaling is conducted in another space. It is likewise possible
to conduct both the histogramming/peak detection and the
scaling in the same space.

[0058] In an example using an image of the sort seen in
FIG. 1, the RGB values of pixels in the last detected
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whitespace/removable background image band and margin
portions of the first printable-data-containing image band
were separately histogrammed. This resulted in a determi-
nation that the red and green channels both had peaks at 255
while the blue channel had a peak at 220. Therefore, it was
deduced that there was a background of color (255, 255,
220) in the image. This information was then used to
determine a stretch factor using Equation 2 above. Specifi-
cally, a stretch factor of 255%128/220=148 was formed and
this was used to stretch the RGB pixel values, resulting in
the removal of color in the output image 700, as seen in FIG.
7.

[0059] Generally speaking, a stretch factor determined
from pixels in a first set of image bands may be used to
stretch pixels belonging to a second set of image bands. It is
understood that the second set of image bands may be the
same as the first set of image bands—in other words, the
pixels that are stretched are the same as some of those used
to create the stretch factor.

[0060] Alternatively, or in addition, the second set of
image bands are completely different from the first set of
image bands. Thus, the stretch factor is used to stretch pixels
belonging to future image bands, i.e., image bands that have
not yet been formed because their underlying data has yet to
be scanned in the scan-while-printing process. In such case,
in one embodiment, once a stretch factor is determined, it
may be used for all image bands without further modifica-
tion. In another embodiment, the stretch factor may be
dynamically changed, perhaps using only the most recent
margin information, a feature which can be beneficial in the
case of a background color that changes along the length of
a document.

[0061] FIG. 8a presents the overall method of one
embodiment of the invention in the form of a flowchart 800.
In this embodiment, the pixels in the margin portions of the
first printable-data-containing image band, and the pixels in
the immediately preceding image band that is devoid of
printable data, ie., the last image band with only
whitespace/removable background color, are used in the
histogramming process. In step 802, the first image band
containing text that one wishes to print is detected. Then, in
step 804, a histogram is performed on the pixels in the
immediately preceding image band that is devoid of print-
able data and the pixels in the lateral margin portion of the
first printable-data-containing image band. Based on the
information in these two image bands, as represented by the
histogram, a background color and thus a stretch factor are
determined in step 806. Finally, in step 808, the stretch
factor is applied to the pixels.

[0062] FIG. 9a presents the overall method of another
embodiment of the invention in the form of a flowchart 900.
In this embodiment, the pixels in the margin portions of the
first p printable-data-containing image bands, and the pixels
in the preceding m image bands that are devoid of printable
data, are used in the histogramming process. In step 902, the
first p image bands containing text that one wishes to print
is detected. Then, in step 904, a histogram is performed on
the pixels in the preceding m image bands that are devoid of
printable data and the pixels in the lateral margin portion of
the first p printable-data-containing image bands. Based on
the information in these m+p image bands, as represented by
the histogram, a background color, and thus a stretch factor,
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are determined in step 906. Finally, in step 908, the stretch
factor is applied to the pixels.

[0063] FIG. 8b presents a detailed block-diagram illus-
trating the processes of one implementation of the method
described with respect to FIG. 8a. At block 810, the scan is
started. At this time, as seen in block 812, an “image band”
counter n is set to 0. In addition, a flag “SF_determined”,
which indicates whether a stretch factor has been deter-
mined, is set to false (i.e., to 0).

[0064] At block 814, the counter n is incremented, to
indicate that a first image band is about to be formed. A
block 816, a scan is performed and image band n is formed.

[0065] A grid conceptually overlays the image band,
dividing the latter into equal-size blocks. In one embodi-
ment, the width of the image is divided into 32 columns. For
a 600 dpi image that is 9 inches wide, or total of 5400 pixels
in all, each column has a width of approximately 168 pixels.
The image band height is on the order of 16 pixels and so
each block contains roughly 2700 pixels. The pixels, which
have been scanned into RGB channels are then converted,
etc. into other spaces, such as luminance, chrominance,
L*a*b, etc. for further processing to categorize each pixel
into one of a plurality of types. In one embodiment, each
pixel is classified as belonging to one of four groups: gray,
white, black or color, and the number of pixels in each such
group is determined for each block. This information may be
used later on to help identify background color potions,
cover color portion, margins and the like.

[0066] At block 818, a check is made to see whether the
flag SF_determined has been set. If a stretch factor has
previously been determined, then in block 820, the stretch
factor 822 is used to help remove the background color from
image band n. In block 824, a check is made to see if this is
the last image band. If this is last image band, then in block
826, the process is stopped. If this is not the last image band,
then control goes to block 814 to continue with the next
image band.

[0067] If, at block, 818, if is determined that a stretch
factor has not previously been determined, then in block 828
a process is commenced to determine whether printable data
has been found thus far and, more particularly, in image
band n, as represented by the information elicited in block
816. This process makes use of a luminance threshold 830,
low luminance values being indicative of printable data,
such as text and the like that one desires to print. In block
832, a determination is made whether printable data is found
in image band n. If no printable data is detected, then control
goes block 814 to process the next image band in a search
for the first sign of printable data.

[0068] If, in block 832, it is determined that printable data
has finally been found, then in block 834, the pixels in the
immediately preceding image band (which is devoid of such
printable data) are histogrammed. In block 836, the pixels in
the margin portions of the current image band are deter-
mined based on the information elicited at block 816, and
these pixels are then included in this histogram.

[0069] Next, in block 838, a determination is made
whether there is a background peak in the histogram. If so,
in block 840, a stretch factor is calculated. If not, in block,
842, the stretch factor is set to NULL, i.e., it is set to a value
reflective of no scaling, which most often is simply equiva-
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lent to a detected peak value of 255. It can thus be seen that
the stretch factor depends on at least one peak in a histogram
of pixel values that are representative of pixels in both an
image band devoid of printable text and an image band
containing printable text. Whether or not a background peak
has been detected, the flag SF_determined is set to true (or
‘1) in block 844 to indicate that printable data has been
found and so the algorithm may henceforth stretch the pixel
values to mitigate the effects of background color. Control
then passes to block 820 to perform the stretching and
continue with any further image bands. As previously
described but not shown in FIG. 8, the flag SF_determined
can also be reset after a predetermined number of bands are
scanned allowing for a new histogram to be performed such
as where the background color may change as the image is
scanned.

[0070] FIG. 95 presents a detailed block-diagram illus-
trating the processes of one implementation of the method
described with respect to FIG. 9a. At block 910, the scan is
started. At this time, as seen in block 912, an “image band”
counter n is set to 0 as is a “number of printable-data-
containing image bands found” counter k is also set to 0. In
addition, a flag “SF_determined”, which indicates whether a
stretch factor has been determined, is set to false (i.e., to 0).
In FIG. 95, the value “m” designates the number of previous
image bands devoid of printable data that should be histo-
grammed, and the value “p” designates the number of image
bands having printable data whose margin portions should
also be included in the histogram.

[0071] In FIG. 95, blocks 914, 916, 918, 920, 922, 924,
926, 928, 930 and 932 behave substantially the same as their
counterparts in FIG. 86 having reference numerals 100 less
in value, and so are not described in further detail.

[0072] 1If, in block 932, it is determined that printable data
has finally been found, then in block 934, the pixels in the
immediately preceding m image bands (all of which are
devoid of such printable data) are histogrammed. In block
936, the pixels in the margin portions of the current image
band are determined based on the information elicited at
block 916, and these pixels are then included in this histo-
gram.

[0073] However, since it is desired that a total of p
printable-data-containing image bands be used, in block
950, a determination is made to see whether the “number of
printable-data-containing image bands found” counter k has
reached the value p. If not, in block 952, the image band
counter n and the counter k are incremented. Then, in block
954 the next image band (which presumably also is a
printable-data-containing image band) is formed and control
goes back to block 936 where the margin portions from this
new image band are also included in the histogram. This
continues until the requisite number p printable-data-con-
taining image bands have been formed and their appropriate
pixels incorporated into the histogram.

[0074] If, in block 950, it is determined that the requisite
number p printable-data-containing image bands have been
found, and the histogram completed, control goes to block
938 to determine whether there is a background peak in the
histogram. If so, in block 940, a stretch factor is calculated.
If not, in block, 942, the stretch factor is set to NULL, i.e.,
it is set to a value reflective of no scaling, which most often
is simply equivalent to a detected peak value of 255.
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Whether or not a background peak has been detected, the
flag SF_determined is set to true (or ‘1) in block 944, to
indicate that printable data has been found and so the
algorithm may henceforth stretch the pixel values to mitigate
the effects of background color. Control then passes to block
956 to remove the background from the last p printable-
data-containing image bands using the recently determined
stretch factor, after which control goes to block 914 to
continue with stretching the remaining image bands.

[0075] 1t is particularly noted that in FIGS. 85 and 95, no
provision is made for removing background color until
printable data is first found. This is because until printable
data has been found, nothing is printed at all and so no
scaling of pixel values is required. It is further noted that in
these embodiments, no stretch factor is established until
such time as printable data has been found. It should be kept
in mind, however that, in other embodiments, a stretch factor
may be based on the background color determined from a
top margin alone, prior to finding any printable-data-con-
taining image bands.

[0076] The process for partitioning an image band into
blocks and counting pixel types in each block, as described
above with respect to blocks 816, 916 in FIGS. 85, 95,
respectively, is next discussed.

[0077] As illustrated in FIG. 10, in the general case of an
entire image of a scanned document, the data may comprise
a rectangular region 20 of pixels. A rectangular grid con-
ceptually overlaid upon this region defines rectangular grid
spaces or sub-regions of pixels. The scanned image data
comprises regions of white or mostly white pixels bordering
one or more regions of printable data, such as text, graphics
or other content, indicated in FIG. 10 by the shaded content
region 22. These bordering regions generally represent the
margins of the scanned document, the border created by a
scanner cover color being ignored in this example. The inset
24 illustrates the content within an exemplary four mutually
adjacent spaces or sub-regions 26, 28, 30 and 32. In the
illustrated example, sub-region 26 consists of the following
quantities or counts of pixels of the following types or
categories: 20 color (“C”) pixels, 779 gray (“G”) pixels, four
black (“B”) pixels, and 187 white (“W”) pixels. Similarly,
sub-region 28 consists of: zero color pixels, zero gray pixels,
zero black pixels and 990 white pixels. Note that it can be
inferred that the image has a margin bordering on sub-
regions 28 and 32 because the number of non-white pixels
in sub-regions 26 and 30 are sharply greater than the number
of non-white pixels in adjacent sub-regions 28 and 32,
respectively. The significance of such an inference is
described in further detail below.

[0078] When a single image band is formed, the corre-
sponding pixel data is received from a scanning device and
stored in memory. The image band is divided in blocks using
a conceptually defined grid which is typically implemented
by any of a number of memory addressing or indexing
schemes that will occur readily to persons skilled in the art.
The number of pixels of each of a number of pixel categories
within each sub-region is counted. For example, in some
embodiments, there can be the following four categories or
a subset thereof: color pixels, gray pixels, black pixels and
white pixels. In an embodiment in which these four catego-
ries are counted, in each sub-region, the number of color
pixels is counted, the number of gray pixels is counted, the
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number of black pixels is counted, and the number of white
pixels is counted. In some embodiments, the categories can
include white pixels and non-white pixels. Gray pixels and
color pixels are examples of non-white pixels. These teach-
ings and examples will lead persons skilled in the art to
consider still other pixel categories that may be useful.

[0079] Once the pixel counts have been completed, they
may be compared to one or more pixel distributions. A pixel
distribution characterizes a group of one or more sub-
regions as having the characteristics of a certain type of
content, such as whitespace, text, graphics, non-whitespace
(i.e., text, graphics-anything but whitespace), etc. For
example, the existence of a sub-region or group of several
adjacent sub-regions in which the great majority of pixels
are white is characteristic of a margin area of a document or
other whitespace. Thus, a corresponding distribution can be
defined in which the number or, equivalently, percentage of
white pixels exceeds some predetermined threshold value.
Detecting the type of content an image contains and its
location within the image band may provide a basis for
performing further image processing operations tailored to
the content type. For example, it is desirable to detect where
on the document image the left and right margins are
located. As another example, it may be desirable to detect
where on the document image a region of text borders a
region of graphics, or where a region of whitespace border-
ing regions of text indicates a gap between columns of text.
It will be apparent to persons skilled in the art that much can
be inferred by knowing the locations of various types of
content on a document image.

[0080] The pixel distribution can be defined mathemati-
cally or algorithmically in any suitable manner. The term
“distribution” is used for convenience in this patent speci-
fication and is not intended to imply any specific mathemati-
cal or algorithmic concept. In the illustrated embodiment, a
distribution can be defined by a set of upper and lower
threshold values against which the counts or percentages of
pixels in the various categories are compared. A character-
ization can then be made based upon or in response to the
comparison of the counts or percentages of pixels in each
category with the distribution or distributions. Thus, for
example, if the counts or percentages fit a distribution
associated with whitespace, the group is characterized as
whitespace.

[0081] The step of counting pixels of the various catego-
ries in each sub-region is illustrated in further detail in FIG.
11. Pixels are processed in any suitable sequence, such as a
raster-scan sequence, or on a grid-space by grid-space basis.
At step 54, the next pixel in the sequence is processed by
determining the grid space, also referred to herein as a
sub-region, in which the pixel is located. In one embodi-
ment, if the value of the pixel is stored in RGB or some color
space format other than YCrCb, it is converted to YCrCh
color space at step 56. The formula for performing this
conversion is a well-known international standard, ITU-R
BT.601 (formerly CCIR 601), known to those skilled in the
art. In other embodiments, the steps seen in FIG. 11 may be
performed in other color spaces, and so in some instances
conversion may not be necessary.

[0082] InFIG. 11, at step 58, it is determined whether the
chrominance-red (Cr) value of the pixel is greater than some
predetermined upper threshold value. If it is not, then at step
60 it is it is determined whether the Cr value of the pixel is
less than or equal to some predetermined lower threshold
value. If it is not, then at step 62 it is determined whether the
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chrominance-blue (Cb) value of the pixel is greater than
some predetermined upper threshold value. If it is not, then
at step 64 it is determined whether the Cb value of the pixel
is less than some predetermined lower threshold value. If
any of these are true, then the pixel is counted as a color
pixel at step 66 and not as gray, black or white. If none of
these are true, then at step 68 it is determined whether the
luminance (Y) value of the pixel is greater than some
predetermined upper threshold. If it is, then it is counted as
a white pixel at step 70. If it is not, then at step 72 it is
determined whether the Y value of the pixel is less than some
predetermined lower threshold value. If it is, then it is
counted as a black pixel at step 74. If it is not, then it is
counted as a gray pixel at step 76. After the pixel is counted,
then at step 78 it is determined whether there are more pixels
in the sequence to process. If there are, the process continues
with the next pixel at step 54. Otherwise, the process of
counting the pixels in each category is completed at 79.
When completed, each sub-region has a corresponding
count of the number of pixels in each category, i.e., black,
white, gray and color.

[0083] A method for detecting a margin within an image
band, as called for in blocks 836, 936 of FIGS. 85, 95,
respectively, is next described in FIG. 12, using the detec-
tion of a left margin as an example.

[0084] At step 80 the method begins at the leftmost grid
space, or sub-region, of the image band. At step 82, it is
determined whether the percentage of black pixels in that
sub-region (i.e., the number of black pixels divided by the
total number of pixels) is greater than some predetermined
threshold value. The margin is assumed to be mostly white
or colored. Therefore, if the percentage is greater, the left
margin has been found, as indicated by step 84. If the
percentage is not greater, then it is determined whether the
percentage of color pixels in that sub-region is greater than
some predetermined threshold. If the percentage is greater,
the left margin has been found, as indicated by step 84.
Similarly, if it is not greater, then at step 88 it is determined
whether the percentage of gray pixels in that sub-region is
greater than some predetermined threshold. If the percentage
is greater, the left margin has been found, as indicated by
step 84. If it is not greater, then at step 90 it is determined
whether the percentage of white pixels in that sub-region is
greater than some predetermined threshold. If the percentage
is greater, then the left margin has not been found and, as
indicated by step 92, the process continues with the next
leftmost sub-region until at step 94 it is determined that there
are no more sub-regions, i.e., the rightmost sub-region has
been processed. If the percentage of white pixels is not
greater than the predetermined threshold percentage, or if no
more sub-regions exist in the band, then the left margin has
been found, as indicated by step 84. Selecting suitable
threshold percentages is well-within the capabilities of the
person of skill in the art, but by way of example, in some
embodiments of the invention, a sub-region can be charac-
terized as margin or whitespace if it has more than 99%
white pixels because the remaining one percent of non-white
pixels is sufficiently small to be considered noise. Deter-
mining a right margin proceeds in a similar manner.

[0085] One skilled in the art will readily recognize that a
device contemplated herein, such as a color copier or a color
all-in-one, will include at least a scanner, a printer, a
processor and memory. It is further contemplated that such
a device may have either a graphical user interface or a
control panel provided with one or more buttons to invoke
or otherwise control one or more features of the present
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invention. Thus, in some embodiments, the present inven-
tion operates only in a particular, operator-selected mode of
the device, and so an operator may be required to deliber-
ately select the foregoing background-color-removing fea-
ture each time a photocopy is required. In other embodi-
ments, the device may be configured to use background-
color-removing feature as the default, with an operator being
require to deselect this feature.

[0086] The foregoing description of several methods and
an embodiment of the invention has been presented for
purposes of illustration. It is not intended to be exhaustive or
to limit the invention to the precise steps and/or forms
disclosed, and obviously many modifications and variations
are possible in light of the above teaching. It is intended that
the scope of the invention be defined by the claims appended
hereto.

What is claimed is:
1. A method of reducing color background in an image
having printable data, the method comprising:

obtaining at least one first image band of said image, said
at least one first image band being devoid of printable
data;

obtaining at least one second image band of said image,
said at least one second image band having printable
data;

determining information from a background color of
pixels in said at least one first image band and pixels in
a lateral margin portion of said at least one second
image band; and

modifying pixel values in at least one third image band
based on said information to reduce an amount of said
background color of at least some pixels in the at least
one third image band.

2. The method according to claim 1, wherein the at least
one first image band immediately precedes the at least one
second image band within the image.

3. The method according to claim 1, wherein the lateral
margin portion includes both a left margin portion appearing
to the left of printable data and a right margin portion
appearing to the right of printable data, within the at least
one second image band.

4. The method according to claim 1, wherein the deter-
mining and modifying steps comprise:

determining a stretch factor based on the information; and

scaling pixel values in the at least one third image band by

said stretch factor.

5. The method according to claim 4, wherein the stretch
factor depends on at least one peak in a histogram of pixel
values that are representative of said pixels in said at least
one first image band and said pixels in a lateral margin
portion of said at least one second image band.

6. The method according to claim 5, wherein,

for 8-bit pixel values, the stretch factor SF is given by:
SF=255/P,,

where P, is a detected peak value in said histogram.
7. The method according to claim 1, comprising:

modifying pixel values of all pixels in said at least one
third image band.
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8. The method according to claim 7, comprising:

printing all pixels in said at least one third image band,
after their pixel values have been modified.

9. The method according to claim 1, comprising modify-
ing RGB pixel values.

10. The method according to claim 1, comprising modi-
fying luminance pixel values.

11. The method according to claim 1, comprising modi-
fying chrominance pixel value.

12. The method according to claim 1, comprising:

obtaining a number p second image bands,p>1;

using pixels in a lateral margin portion of each of the p
second image bands to determine said information; and

modifying pixels in said p second image bands.
13. The method according to claim 1, comprising:

obtaining a number m first image bands, m>1;
obtaining a number p second image bands, p>1; and

using pixels in all m first image bands and pixels in a
lateral margin portion of each of the p second image
bands to determine said information; and

modifying pixels in said p second image bands.
14. The method according to claim 1, comprising:

obtaining a number m first image bands, m>1; and

using pixels in all m first image bands to determine said

information.

15. The method according to claim 1, wherein the at least
one third image band is different from the at least one second
image band.

16. The method according to claim 1, wherein the at least
one third image band is the same as the at least one second
image band.

17. The method according to claim 1, comprising modi-
fying pixels in all remaining image bands of the image.

18. A method of photocopying an original document
having a color background and reducing an amount of color
background in a resulting photocopy, the method compris-
ing:

scanning at least one band of said original document to
form at least one first image band, said at least one first
image band being devoid of printable data;

scanning at least one other band of said original document
to thereby form at least one second image band, said at
least one second image band having printable data;

determining information from a background color of
pixels in said at least one first image band and pixels in
a lateral margin portion of said at least one second
image band; and

modifying pixel values in at least one third image band
based on said information to reduce an amount of color
in the resulting photocopy.
19. The method according to claim 18, wherein the
determining and modifying steps comprise:

determining a stretch factor based on the information; and

scaling pixel values in the at least one third image band by
said stretch factor.
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20. The method according to claim 19, wherein the stretch
factor depends on at least one peak in a histogram of pixel
values that are representative of said pixels in said at least
one first image band and said pixels in a lateral margin
portion of said at least one second image band.

21. A device capable of photocopying an original docu-
ment having a color background and reducing an amount of
color in a resulting photocopy, the device configured, in a
particular operator-selected mode, to:

scan at least one band of said original document to thereby
form at least one first image band, said at least one first
image band being devoid of printable data;

scan at least one other band of said original document to
thereby form at least one second image band, said at
least one second image band having printable data;

determine information from a background color of pixels
in said at least one first image band and pixels in a
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lateral margin portion of said at least one second image
band; and

modify pixel values in at least one third image band based
on said information to reduce an amount of color in the
resulting photocopy.
22. The device according to claim 21, wherein the device
is configured to:

determine a stretch factor based on the information; and

scale pixel values in the at least one third image band by

said stretch factor.

23. The device according to claim 22, wherein the device
is configured to determine at least one peak in a histogram
of pixel values that are representative of said pixels in said
at least one first image band and said pixels in a lateral
margin portion of said at least one second image band, to
determine said stretch factor.
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