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surrounding the medium are provided. A captured image is 
processed by 1) improving the visibility of the content by 
recovering the original appearance of the medium and 
enhancing the appearance of the content image, 2) removing 
the background by determining the boundary of the medium, 
and/or 3) correcting geometric distortion in the content to 
improve readability. Any of the three processing steps may 
be used alone or any combination of the three processing 
steps may be used to process the image. The image pro­
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ments, the image processing is implemented on another 
device that receives the image from the image-capturing 
device. 
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WHITEBOARD, BLACKBOARD, AND 
DOCUMENT IMAGE PROCESSING 

RELATED APPLICATIONS 

[0001] This patent application claims benefit to and is a 
continuation-in-part of the United States Patent Application 
entitled "Line or Text-Based Image Processing Tools," hav­
ing Ser. No. 11/436,470, filed on May 17, 2006. 

BACKGROUND 

[0002] 1. Field 
[0003] The present embodiments relate generally to pro­
cessing images of whiteboards, blackboards, or documents. 
[0004] 2. Background 
[0005] Whiteboards, blackboards, or documents are 
widely used in discussions and meetings to illustrate ideas 
and information. An image of whiteboard, blackboard, or 
document content ( comprising, for example, text or lines) 
may be captured by an image-capturing device ( e.g., camera 
or phone camera). Often the captured image is of poor 
quality and may include distortions, shading, non-unifor­
mity of illumination, low contrast, and/or noise that make it 
difficult to discern the content of the whiteboard, black­
board, or document. As such, there is a need for a method for 
processing images of whiteboard, blackboard, or document 
content to improve the visibility of the content while also 
being robust and efficient for implementation on a mobile 
platform (such as a camera or phone camera). 

SUMMARY 

[0006] Some aspects provide methods and apparatus for 
processing a captured image. The captured image comprises 
an image of a medium (e.g., whiteboard, blackboard, or 
document), an image of content (e.g., text or lines) on the 
medium, and an image of a background surrounding the 
medium. The captured image is processed by improving the 
visibility of the content, removing the background in the 
captured image, and/or improving the readability of the 
content. 
[0007] In some aspects, a captured image is processed by 
1) improving the visibility of the content image by recov­
ering the original appearance of the medium ( e.g., by 
changing the medium image to have a consistent illumina­
tion intensity) and enhancing the appearance of the content 
image, 2) removing the background image by determining 
the boundary of the medium image, and/or 3) compensating/ 
correcting any geometric line or shape distortion in the 
content image to produce lines or shapes that appear 
"upright." In other aspects, any of the three processing steps 
may be used alone or any combination of the three process­
ing steps may be used to process an image. After processing 
the image, the content will have improved visibility ( e.g., 
have clearer image quality, better contrast, etc.) with less 
geometric distortion and have the background image 
removed. Also, the processed image will have smaller file 
size after compression (e.g., JPEG compression). 
[0008] In some aspects, the methods comprise post-pro­
cessing methods that operate on the image after it is captured 
and stored to a memory. In some aspects, the methods and 
apparatus are implemented on an image-capturing device 
that captures the image. In other aspects, the methods and 
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apparatus are implemented on another device that receives 
the image from the image-capturing device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present disclosure is further described in the 
detailed description which follows, by reference to the noted 
drawings by way of non-limiting example embodiments, in 
which like reference numerals represents similar parts 
throughout the several views of the drawings, and wherein: 
[0010] FIG. 1 is a block diagram of an embedded device 
in which some embodiments are implemented; 
[0011] FIG. 2 is a conceptual diagram of a user interface 
of the embedded device shown in FIG. 1; 
[0012] FIG. 3 shows an environment in which some 
embodiments operate; 
[0013] FIG. 4 shows an example of a typical captured 
image; 
[0014] FIG. 5 is a flow chart of a method for producing an 
enhanced captured image; 
[0015] FIG. 6 shows a chart of the image enhancement 
steps for a captured image of a whiteboard; 
[0016] FIG. 7 shows a chart of the image enhancement 
steps for a captured image of a blackboard; 
[0017] FIG. 8 shows an example of a captured image of a 
whiteboard having content and a background; 
[0018] FIG. 9 shows an example of a downsized image of 
the captured image of FIG. 8; 
[0019] FIG. 10 shows an example of the whiteboard image 
of the captured image of FIG. 8; 
[0020] FIG. 11 shows an example of the content image of 
the captured image of FIG. 8; 
[0021] FIG. 12 shows an example of the enhanced cap­
tured image of the original captured image shown in FIG. 8; 
[0022] FIG. 13 shows an example of a captured image of 
a blackboard; 
[0023] FIG. 14 shows an example of the enhanced cap­
tured image of the captured image of FIG. 13; 
[0024] FIG. 15 shows a flowchart of a method for remov­
ing the background image of a captured image by detecting 
the boundary of the medium image; 
[0025] FIG. 16 shows an example of a captured image of 
a whiteboard having content and a background; 
[0026] FIG. 17 shows an example of a downsized image 
of the captured image of FIG. 16; 
[0027] FIG. 18 shows an example of a high-pass filtered 
image of the downsized image of FIG. 17; 
[0028] FIG. 19 shows an example of the image of FIG. 18 
after a second high-pass filter application; 
[0029] FIG. 20 shows the image of FIG. 19 partitioned 
into four sub-blocks; 
[0030] FIG. 21 shows an X projection graph for the 
bottom-left sub-block of the image of FIG. 20; 
[0031] FIG. 22 shows a Y projection graph for the bottom­
left sub-block of the image of FIG. 20; 
[0032] FIG. 23 shows an example of a captured image 
containing a medium image that is mapped to the size of the 
captured image; 
[0033] FIG. 24 shows a flowchart of a method for cor­
recting geometric distortion in an image; 
[0034] FIG. 25A shows an example of a captured image of 
a whiteboard; 
[0035] FIG. 25B shows the image of FIG. 25A after the 
image enhancement step; 
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[0036] FIG. 25C shows the image of FIG. 25B after the 
whiteboard boundary has been determined and the white­
board and content have been mapped; 
[0037] FIG. 26A shows an example of a captured image of 
a white document; 
[0038] FIG. 26B shows the image of FIG. 26A after the 
image enhancement step; and 
[0039] FIG. 26C shows the image of FIG. 26B after the 
white document boundary has been determined and the 
whiteboard and content have been mapped. 

DETAILED DESCRIPTION 

[0040] The disclosure of United States Patent Application 
entitled entitled "Line or Text-Based Image Processing 
Tools," having Ser. No. 11/436,470, filed on May 17, 2006, 
is expressly incorporated herein by reference. 
[0041] The word "exemplary" is used herein to mean 
"serving as an example, instance, or illustration." Any 
embodiment described herein as "exemplary" is not neces­
sarily to be construed as preferred or advantageous over 
other embodiments. 
[0042] In the discussion below, Section I provides general 
terms and a general environment in which an image pro­
cessing system operates. Section II describes an image 
enhancement step that improves the visibility of the content 
image by recovering the original appearance of the medium 
and enhancing the appearance of the content image. Section 
III describes an image processing step that removes the 
background image and retains the content image. Section IV 
describes an image processing step that compensates/cor­
rects geometric line or shape distortion in the content image 
to improve readability of the content image. Section V 
provides examples of the image processing steps described 
in Sections II, III, and IV. 

I. General Terms and Image Processing Environment 

[0043] FIG. 1 is a block diagram of an embedded device 
10 in which some embodiments are implemented. The 
embedded device 10 comprises, for example, a camera, a 
mobile phone (with voice transmission capabilities) with a 
camera, or another type of device (as discussed below in 
relation to FIG. 3). In this exemplary embodiment, the 
embedded device 10 comprises a mobile phone with a 
camera. The device 10 comprises a memory 12 that stores 
image files 14, a camera unit/image capturing device 16, an 
image processing module 26, and a mobile communication 
processor 24. These components are coupled to each other 
via a data bus 22. 
[0044] The camera unit/image capturing device 16 com­
prises a camera control 17, an image sensor 18, a display 19, 
and a lens assembly 20. As is well known in the art, the 
components of the camera unit 16 are used to capture an 
image. An image captured by the camera unit 16 is stored to 
the memory 12 as an image file 14. The image processing 
module 26 is configured to receive a captured image (as an 
image file) and processes the image using methods described 
herein. The image processing module 26 may include a 
contrast increasing mechanism, a gamma changing mecha­
nism, a local gain adjustment mechanism, and/or a back­
ground subtraction mechanism. Each of these image adjust­
ment mechanisms may result in a substantial separation or 
removal of unwanted background information from the 
captured digital image. The mobile communication proces-
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sor 24 may be used to receive the processed image from the 
image processing module 26 and transmit the processed 
image to a recipient, to a remote server, or to a remote 
website via a wireless connection. 

[0045] FIG. 2 is a conceptual diagram of a user interface 
40 of the embedded device 10 shown in FIG. 1. The user 
interface 40 includes a picture taking interface 42, an image 
processing interface 46, and a display operation and settings 
interface 50. In addition, the user interface 40 may include 
a mobile communication operation and settings interface 52 
and other functions interface 54. The picture taking interface 
42 allows a user to take a picture 43 and adjust photograph 
and camera settings 44. The image processing interface 46 
allow the user to process a captured image 47 and to define 
image processing settings 48. 
[0046] Each of the interfaces may include, for example, a 
display or notification mechanism for communicating infor­
mation to the user. For example, sound, light, or displayed 
text or image information may be used to present the user 
with certain information concerning the interface function 
and the status of the embedded device pertaining to that 
function. In addition, each of the interfaces may include an 
input or an activation mechanism for activating a particular 
function of the device (such as image processing) or for 
inputting information into the device, for example, to change 
settings of one or more functions of the device. 
[0047] FIG. 3 shows an environment 300 in which some 
embodiments operate. The environment 300 comprises an 
image capturing device 310, a captured image 320, an image 
processing module 330, and a processed image 340. 
[0048] The image capturing device 310 comprises any 
device capable of capturing a digital image. In some 
embodiments, the image capturing device 310 comprises a 
camera, mobile communications device with a camera, a 
personal data assistant (PDA) with a camera, or any other 
device with a camera. In other embodiments, the image 
capturing device 310 comprises a document facsimile read­
ing apparatus, a photocopy machine, a business card reader, 
a bar code scanner, a document scanner, or the like. 
[0049] The image capturing device 310 produces the cap­
tured image 320. In some embodiments, the image 320 
comprises an image of a whiteboard, blackboard, any other 
board of a different color, or any other type of structure. In 
other embodiments, the image 320 comprises an image of a 
document of any color ( e.g., black or white). Examples of a 
document are a sheet of paper, a business card, or any other 
type of printable or readable medium. In further embodi­
ments, the image 320 comprises an image of any type of 
medium having content written, drawn, printed, or otherwise 
displayed on it. In additional embodiments, the image 320 
comprises an image of something else. The image 320 is 
stored on a memory that may be internal or external to the 
image capturing device 310. 
[0050] An example of a typical captured image 320 is 
shown in FIG. 4. As shown in FIG. 4, a typical captured 
image 320 comprises an image of a medium 410 (e.g., 
whiteboard, blackboard, document, etc.), an image of con­
tent 420 (e.g., text, lines, drawings, sketches, etc.) on the 
medium, and an image of a background 430 surrounding the 
medium. Note that the content 420 may be located inside the 
boundaries 415 of the medium 410 and the background 430 
may be located outside of the boundaries 415 of the medium 
410 and extends to the border 440 of the captured image 320. 
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[0051] As used herein, the term "medium image" some­
times refers to the image of the medium only, without the 
image of the content or background (i.e., the image of the 
medium as it would appear by itself). As used herein, the 
term "content image" sometimes refers to the image of the 
content only, without the image of the medium or back­
ground (i.e., the image of the content as it would appear by 
itself). The content comprises anything written, drawn, 
printed, or otherwise displayed on the medium. As used 
herein, the term "background image" sometimes refers to the 
image of the background only, without the image of the 
medium or content (i.e., the image of the background as it 
would appear by itself). 
[0052] An image generally comprises a pattern/array of 
pixels where each pixel includes one or more different color 
components with the intensity of each color component 
being represented, for example, in terms of a numerical 
value. The image processing described herein may be per­
formed on an image in different color spaces, for example, 
the (Y,Cb,Cr) or the (R,G,B) color space. Since images are 
often stored in JPEG format, and for the purposes of 
discussion and clarity, some embodiments are described 
using the (Y,Cb,Cr) color space where processing is gener­
ally performed using the Luma (Y) channel. In other 
embodiments, the image processing steps may be applied to 
an image having any other format or any other color space. 
[0053] Referring back to FIG. 3, the image processing 
module 330 receives the captured image 320 from the image 
capturing device 310 and produces a processed image 340. 
The image processing module 330 processes the captured 
image 320 using methods described herein to increase the 
visibility and readability of the contents and/or remove the 
background in the captured image 320. In some embodi­
ments, the image capturing device 310 and the image 
processing module 330 are implemented on a same device. 
In other embodiments, the image capturing device 310 and 
the image processing module 330 are implemented on 
separate devices. 

II. Image Enhancement Processing 

[0054] Typically, a captured image has several issues that 
affect the visibility of the content in the image. For example, 
due to illumination and lens non-uniformity, the image of the 
medium will typically have non-uniform illumination inten­
sity across the medium (which in turn affects the visibility of 
the content on the medium). For example, if the medium is 
a whiteboard and a flash is used in capturing an image of the 
whiteboard, some parts of the resulting whiteboard image 
may be brighter (where the flash reflects against the white­
board) and other parts may be darker. Also, the image of the 
content on the medium may typically have a dimmed 
illumination intensity (that decreases its visibility) relative to 
the actual appearance of the content on the medium. 
[0055] In some embodiments, an image enhancement pro­
cessing step is used to improve the visibility of the content 
image by recovering the original appearance of the medium 
(by changing the medium image to have a consistent illu­
mination intensity) and enhancing the appearance of the 
content image. FIG. 5 is a flow chart of a method 500 for 
producing an enhanced captured image. The method 500 
may be implemented through software and/or hardware 
configured to implement the method. The method may be 
implemented on an image-capturing device or on a separate 
device that receives a captured image for processing. In the 
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(Y,Cb,Cr) color space, the enhancement processing of the 
method 500 is performed primarily using the Y channel. In 
other embodiments of the method 500, a different number of 
steps and/or a different order of steps is used. 
[0056] Generally, the method 500 first obtains the medium 
image from the captured image. The method may obtain the 
medium image by removing contents of the medium ( e.g., 
through downsampling and use of a median filter or mor­
phological operations such as "dilate" and "erode"). Once 
the medium image is obtained, the method may then obtain 
the content image by determining the difference between the 
original captured image and the medium image. The content 
image is then enhanced to improve the appearance of the 
content. After the content image is enhanced, an enhanced 
captured image may be obtained by calculating a difference 
between the enhanced content image and a pure color image 
(matching the predominant color of the medium). FIG. 6 
shows a chart of the image enhancement processing steps for 
a captured image of a whiteboard. FIG. 7 shows a chart of 
the image enhancement processing steps for a captured 
image of a blackboard. 
[0057] The method 500 begins when a captured image is 
received (at 505), the captured image comprising an image 
of a medium ( e.g., whiteboard, blackboard, document, etc.), 
an image of content (e.g., text, lines, etc.) on the medium, 
and an image of a background surrounding the medium. An 
example of a captured image 800 of a whiteboard medium 
810 having content 820 and a background 830 is shown in 
FIG. 8. 
[0058] The method then obtains the medium image by 
removing contents of the medium by subsampling/down­
sampling (at 510) the captured image and applying (at 515) 
one or more filters to the downsampled image. In some 
embodiments, at step 510, the captured image is down­
sampled at a high downsampling ratio. Content in the 
medium generally includes thin lines that cover a limited 
amount of pixels. By performing a high downsampling ratio, 
much of the content can be easily removed. In some embodi­
ments, a downsampling ratio from 1/8 through 1/32 is used 
to downsize the captured image. In some embodiments, a 
downsampling ratio of 1/8 or lower is used to downsize the 
captured image. For example, for an image size with 1280x 
960 pixels, a downsampling ratio of 1/16 may be utilized to 
produce a downsized image with a size of 80x60 pixels (i.e., 
downsampling the size to 1/16 of the original). A "nearest 
neighbor" method may be used to perform the downsam­
pling, or another interpolation method may be utilized. An 
example of a downsized image of the captured image of 
FIG. 8 is shown in FIG. 9. 
[0059] Another benefit of using a high downsampling 
ratio is that subsequent filter processing ( at step 515) with a 
small kernel can be used to effectively further remove 
content. For example, the kernel may be as small as 3x3 (i.e., 
a matrix size having a width of 3 pixels and a height of 3 
pixels). In some embodiments, filter processing uses a kernel 
of3x3 or larger. In some embodiments, filter processing uses 
a kernel having a size from 3x3 through 5x5. In addition, 
because the downsized image is smaller, the cost (i.e., 
processing memory needs) of the subsequent filtering pro­
cessing is reduced. 
[0060] Although downsizing removes much of the content 
in the captured image, there may still be content remaining. 
In some embodiments, at step 515, a median filter is applied 
to the downsized image to further remove content from the 
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image. A median filter is useful here since the remaining 
content is typically "salt and pepper" noise which can be 
easily removed by a median filter. Also, a median filter keeps 
border edges less smoothed. The median or smoothing filter 
may be applied one or more times to more thoroughly 
remove content to obtain the medium image. In other 
embodiments, at step 515, a smoothing filter is applied to the 
downsized image to further remove content. In some 
embodiments, a simple 3x3 median and/or smoothing filter 
is applied to the downsized image to further remove content. 
[0061] The downsampling and filtering provides substan­
tial removal of the content image. Downsampling and fil­
tering of the image can be performed with multi-scaling 
steps to improve the results. In other embodiments, however, 
other methods are used to remove the content from the 
image. In some embodiments, a morphological operation 
(such as "dilate" and "erode") is used to remove content. In 
further embodiments, any combination of methods ( e.g., 
applying a median filter, applying a smoothing filter, using 
morphological operation, etc.) may be used to remove 
content. 
[0062] After content is removed from the image (at 510 
and 515), a downsized medium image has now been 
obtained. To have an image that corresponds to the original 
sample resolution of the original captured image, the down­
sized image is supersampled/upsized (at 520) to the original 
resolution. In some embodiments, a high supersamling/ 
upsizing ratio is used that is determined by the downsam­
pling ratio used to initially downsize the image. For 
example, if the original image was downsized by 1/16, the 
supersamling ratio would be 16 to return the size to the 
original size. A bilinear interpolation method may be used to 
supersample the downsized image to obtain a smooth inter­
polation. In other embodiments, other interpolation methods 
are used ( e.g., bicubic, spline, or other types of smoothing 
interpolation methods). After step 520, the medium image 
(without content and at its original resolution) has been 
obtained. An example of the medium image (whiteboard 
image) of the captured image of FIG. 8 is shown in FIG. 10. 
[0063] The method then obtains/extracts the content 
image from the original captured image by calculating ( at 
525) a difference between the original captured image and 
the medium image. For example, the method 500 may do so 
by determining pixel value differences between correspond­
ing pixels of the original captured image and the medium 
image. For a captured image of a whiteboard, the original 
captured image is subtracted from the medium image 
(whiteboard image) to produce the content image (as shown 
in FIG. 6). For a captured image of a blackboard, the 
medium image (blackboard image) is subtracted from the 
original captured image to produce the content image (as 
shown in FIG. 7). An example of the content image of the 
captured image of FIG. 8 is shown in FIG. 11. 
[0064] After the content image is obtained, the content 
image is enhanced (at 530). The method may do so, for 
example, through ratio multiplication of the Y channel of the 
content image (i.e., amplifying the Y channel of the content 
image). The ratio can be determined by a user, for example, 
using an image processing interface 46, as shown in FIG. 2. 
In some embodiments, the ratio is between two and five. 
Note that the content image may include noise that is 
extracted along with the content. As such, when enhancing 
the content image, a threshold pixel value may be applied to 
the content image so that pixels having a value below the 
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threshold are treated as noise and will not be amplified/ 
enhanced through ratio multiplication. 
[0065] For the color channels of the content image, in 
order to keep the hue of the content image unchanged, the 
ratio between Cb and Cr channels may be kept the same. To 
obtain brilliant and vivid colors, however, the saturation of 
these channels may be enhanced/amplified through ratio 
multiplication. In some embodiments, the content image is 
enhanced (at 530) through ratio multiplication of the Cb and 
Cr channels of the content image to enhance the color 
saturation of the content image ( e.g., by multiplying the Cb 
and Cr channels with the same or a different amplification 
ratio as done for the Y channel). 
[0066] After the content image is enhanced, the method 
500 obtains an enhanced captured image by calculating (at 
535) a difference between the enhanced content image and 
a pure color image (matching the predominant color of the 
medium), e.g., by determining pixel value differences 
between corresponding pixels of the enhanced content 
image and a pure color image. For example, for a captured 
image of a whiteboard or light-colored document, the pure 
color image may comprise a pure white or light image of the 
same size as the original captured image, each pixel having 
a high or maximum lightness value. In contrast, for a 
captured image of a blackboard or dark-colored document, 
the pure color image may comprise a pure black or dark 
image of the same size as the original captured image, each 
pixel having a low or minimum lightness value. For a 
captured image of a whiteboard, the enhanced content image 
is subtracted from a pure white image to produce the 
enhanced captured image (as shown in FIG. 6). For a 
captured image of a blackboard, a pure black image is 
subtracted from the enhanced content image to produce the 
enhanced captured image (as shown in FIG. 7). The method 
500 then ends. 
[0067] FIG. 12 shows an example of the enhanced cap­
tured image of the original captured image of a whiteboard 
shown in FIG. 8. An example of a captured image of a 
blackboard is shown in FIG. 13 and an example of the 
enhanced captured image of the blackboard is shown in FIG. 
14. In comparison to the original captured image, the 
enhanced captured image has a medium image (whiteboard 
or blackboard image) of consistent illumination intensity 
and an enhanced content image for improved visibility of the 
content image. 

III. Removing the Background Image Using Medium 
Boundary Detection 

[0068] In some embodiments, the boundary of the medium 
image in the captured image is determined to remove the 
background image and retain the content image. As defined 
above, the content image is located inside the boundaries of 
the medium image and the background image is located 
outside of the boundaries of the medium image and extends 
to the border of the captured image. As the content image 
contains the substance of the captured image ( e.g., text, 
sketches, etc.), the background image is unnecessary and 
may be removed, for example, to reduce the visual clutter of 
the captured image and the storage size required to store the 
captured image. 
[0069] FIG. 15 shows a flowchart of a method 1500 for 
removing the background image of a captured image by 
detecting the boundary of the medium image. The method 
1500 may be implemented through software and/or hard-
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ware configured to implement the method. The method may 
be implemented on an image-capturing device or on a 
separate device that receives a captured image for process­
ing. In the (Y,Cb,Cr) color space, the enhancement process­
ing of the method 1500 is performed primarily using the 
Luma (Y) channel. In other embodiments of the method 
1500, a different number of steps and/or a different order of 
steps is used. 

[0070] Generally, the method 1500 first removes the con­
tent from the captured image ( e.g., through downsampling 
and use of a median filter or morphological operations such 
as "dilate" and "erode"). The method may then obtain edge 
information of any edges contained in the captured image 
(e.g., through use of one or more high-pass filters). To 
reduce the amount of required calculations, the method may 
then further downsize the captured image. The method then 
divides the resulting image into four sub-blocks and deter­
mines the position of a medium "corner" in each sub-block, 
for example, using one-dimensional (ID) projection and 
two-dimensional (2D) corner edge filtering. The method 
then determines the boundary of the medium image using 
the determined medium "corner" positions and removes the 
background image using the medium boundary. 
[0071] The method 1500 begins when a captured image is 
received (at 1505), the captured image comprising an image 
of a medium, an image of content on the medium, and an 
image of a background surrounding the medium. In some 
embodiments, the captured image is an enhanced captured 
image (e.g., as produced by the image enhancement method 
500 shown in FIG. 5). In other embodiments, the captured 
image is not an enhanced captured image. An example of a 
captured image 1600 of a whiteboard medium 1610 having 
content 1620 and a background 1630 is shown in FIG. 16. 
[0072] The method then removes the contents of the 
captured image by downsampling (at 1510) the captured 
image and applying (at 1515) one or more filters to the 
downsampled image. The downsampling and filtering steps 
of 1510 and 1515 are similar to steps 510 and 515 of FIG. 
5 and are not described in detail here. In other embodiments, 
other methods are used to remove the content from the 
image (e.g., a morphological operation or any combination 
of methods, as discussed above in relation to FIG. 5). An 
example of a downsized and filtered image of the image of 
FIG. 16 is shown in FIG. 17. As shown in FIG. 17, most of 
the content is removed after the downsizing and filtering 
steps. 
[0073] After content is removed from the image (at 1510 
and 1515), the method then obtains (at 1520) information 
(edge information) of images of any edges (e.g., lines, 
segments, etc.) contained in the downsized image. In some 
embodiments, a first set of one or more high-pass filters is 
applied to the downsized image to obtain the edge informa­
tion. In some embodiments, the one or more high-pass filters 
comprise a vertical and a horizontal 3x3 high-pass filter. In 
some embodiments, the vertical high-pass filter is repre­
sented by the array: 
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In some embodiments, the horizontal high-pass filter is 
represented by the array: 

[0074] As well known in the art, the above arrays repre­
sent 3x3 2D filter coefficients. For example, the 2D filter 
output pixel at position (i, j) is: 

[0075] for (m=-1; m<2; m++) 
[0076] for (n=-1; n<2; n++) 

[0077] Out[i, j]+=filter[m+l, n+l]*inputPixel[i+ 
m,j+n] 

[0078] filter[0, 0]=-1 in the vertical HPF and hori­
zontal HPF, 

[0079] filter[0, 1 ]=-1 in the vertical HPF and 0.5 in 
the horizontal HPF 

[0080] An example of a high-pass filtered image (HPF 
image) of the image of FIG. 17 is shown in FIG. 18. Notice 
that the HPF image contains noise ( e.g., isolated short edges, 
dots, etc.). In some embodiments, the method then removes 
(at 1525) noise information from the HPF image while 
retaining the edge information. In some embodiments, the 
method does so by applying a second set of one or more 
high-pass filters to the HPF image. FIG. 19 shows an 
example of the image of FIG. 18 after the second HPF 
application is performed. Note that in comparison to FIG. 
18, the white board and wall edges are retained while most 
of the noise has been removed in FIG. 19. 
[0081] The pseudo code for the high-pass filter operations 
performed at steps 1520 and 1525 is: 

edge Vertical - filter(image_ Y _downSized_med, Vertical HPF); 
edgeHorizontal - filter(image_ Y _downSized_med, Horizontal HPF); 
edge - abs(edgeVertical) + abs(edgeHorizontal); 
2nd_hpf(x, y) - edge(x, y) - edge(x+l, y+l); 
image_edge(x, y) - edge(x, y) > 0.1 AND 2nd_hpf(x, y) > 0.1; 

[0082] To reduce the amount of required calculations for 
the medium boundary search (discussed below), the method 
may optionally further downsize (at 1530) the HPF image. 
For example, image may be downsampled again by a ratio 
of 1/16. 
[0083] In some embodiments, the downsampling pseudo 
code is: 

Sum(x, y) - 0; 
For(i-x-2; i<x+2; i++) 

For(i-y-2; j<y+2; j++) 
Sum(x, y) - Sum(x, y) + image_edge(x, y); 

If(Sum(x, y) > 0) downSample(x, y) - 1; 
Else downSample(x, y) - 0; 
X = X + 4; 
y -y + 4; 

[0084] The method then divides (at 1535) the HPF image 
into a plurality of sub-blocks. FIG. 20 shows the image 2000 
of FIG. 19 partitioned into four equal-sized sub-blocks 2005 
in accordance with some embodiments. As shown in FIG. 
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20, the image 2000 is divided using two partitioning lines 
810 that intersect at the center of the image 2000. If it is 
assumed that the medium image (e.g., whiteboard image) is 
centered around the center of the captured image, if the 
captured image were divided into four equal-sized sub­
blocks, it could also be assumed that each sub-block would 
contain a "corner" of the medium image. As used herein, in 
a sub-block, a "corner" of the medium image comprises a 
point of intersection 2015 between two edges of the medium 
image. If such a intersection point 2015 is not contained in 
a sub-block, a "corner" of the medium image a point of 
intersection 2020 between an edge of the medium image and 
the border of the image 2000. If neither such intersection 
points (2015 nor 2020) are contained in a sub-block, a 
"corner" of the medium image comprises the point of 
intersection 2025 between two borders of the image 2000 
(i.e., the corner of the image 2000). 
[0085] The method 1500 then determines (at 1540) the 
position of a medium "corner" in each sub-block. In some 
embodiments, the method does so using coarse and fine 
search steps. In some embodiments, the captured image has 
an X, Y coordinate system where the position of a medium 
"corner" in each sub-block may be expressed as X, Y 
coordinates of one or more pixels in the coordinate system. 
For example, as shown in FIG. 20, the image 2000 has an X 
axis showing pixel positions/coordinates from 0 to A and a 
Y axis showing pixel positions/coordinates from 0 to B, 
whereby the bottom left corner of the image 2000 has 
coordinates 0, 0. 
[0086] In some embodiments, the method uses X and Y 
one-dimensional (ID) projection search schemes for coarse 
searching to determine the approximate positions of the 
medium "corner" in each sub-block. As is well known in the 
art, in a ID projection in the X direction, the method 
scans/progresses from the lowest to the highest X coordi­
nates in a sub-block to determine projection values for each 
X coordinate in the sub-block. A projection value at a 
particular X coordinate indicates the horizontal position of 
vertical edge. The pseudo code for a ID projection in the X 
direction at position x is: 

for(m-0; m<length_of_Y; m++) 
X_projection[x] +- pixel[x, m]. 

FIG. 21 shows an X projection graph 2100 of projection 
values as a function of X coordinates for the bottom-left 
sub-block of the image 2000 of FIG. 20. 

[0087] As is well known in the art, in a ID projection in 
the Y direction, the method scans/progresses from the lowest 
to the highest Y coordinates in a sub-block to determine 
projection values for each Y coordinate in the sub-block. A 
projection value at a particular Y coordinate indicates the 
vertical position of horizontal edge. The pseudo code for a 
ID projection in the Y direction at position y is: 

for(m-0; m<length_of_X; m++) 
Y_projection[y] +- pixel[m, y]. 
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FIG. 22 shows a Y projection graph 2200 of projection 
values as a function of Y coordinates for the bottom-left 
sub-block of the image 2000 of FIG. 20. 

[0088] Peaks 2105 of the X projection graph 2100 indicate 
images of vertical edges in the sub-block that may or may 
not be part of the medium image boundary. Therefore, it is 
possible that there is a medium "corner" in the sub-block 
having an X coordinate that is approximate to (in the 
neighborhood of) an X coordinate of a peak in the X 
projection graph. Peaks 2205 of the Y projection graph 2200 
indicate images of horizontal edges that may or may not be 
part of the medium image boundary. Therefore, it is possible 
that there is a medium "corner" in the sub-block having a Y 
coordinate that is approximate to (in the neighborhood of) a 
Y coordinate of a peak in the Y projection graph. 
[0089] As such, the peaks 2105 and 2205 of the projection 
graphs 2100 and 2200 provide approximate X and Y coor­
dinates of the medium "corner" in a sub-block and supply an 
approximate position in the sub-block for fine searching of 
the medium "corner." In some embodiments, a peak 2105 or 
2205 must have a projection value exceeding a predeter­
mined threshold value to be considered an approximate X or 
Y coordinate for fine searching of the medium "corner." 
[0090] Note that an X projection graph 2100 may not 
contain a projection peak 2105 indicating that no images of 
vertical edges are found in the sub-block. For example, in 
FIG. 20, X projection graphs 2100 of the top-right sub-block 
and the lower-right sub-block would not contain a projection 
peak 2105 since no images of vertical edges are found in 
those sub-blocks. Where no peaks are found, the approxi­
mate X coordinate of the medium "corner" in the sub-block 
would be set to 0 if the sub-block contains the X coordinate 
of0 or set to the maximum X coordinate of the image if the 
sub-block contains the maximum X coordinate. For 
example, the approximate X coordinate of the medium 
"comer" in the top-right and lower-right sub-blocks of FIG. 
20 would be set to the maximum X coordinate (A) since both 
sub-blocks contain this maximum X coordinate. 
[0091] Similarly, an Y projection graph 2200 may not 
contain a projection peak 2205 indicating that no images of 
horizontal edges are found in the sub-block. For example, in 
FIG. 20, Y projection graphs 2200 of the top-left and 
top-right sub-blocks would not contain a projection peak 
2205 since no images of horizontal edges are found in those 
sub-blocks. Where no peaks are found, the approximate Y 
coordinate of the medium "corner" in the sub-block would 
be set to 0 if the sub-block contains the Y coordinate of0 or 
set to the maximum Y coordinate of the image if the 
sub-block contains the maximum Y coordinate. For 
example, the approximate Y coordinate of the medium 
"comer" in the top-left and top-right sub-blocks of FIG. 20 
would be set to the maximum Y coordinate (B) since both 
sub-blocks contain this maximum Y coordinate. 
[0092] Any approximate X or Y coordinates of a medium 
"comer" in a sub-block produced by the X, YID projection 
provides an approximate position in the sub-block for fine 
searching of the medium "comer." Fine searching of a 
medium "comer" is performed in each sub-block to deter­
mine the specific/precise position (in terms of X, Y pixel 
coordinates) of the medium "comer." In some embodiments, 
two-dimensional (2D) corner edge filtering is used around 
the approximate position of the medium "corner" to deter­
mine the specific position of the medium "comer" in each 
sub-block. 
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[0093] In some embodiments, since the angle of a bound­

ary comer in a sub-block can not be 90 degrees, a sliding 

window filter is used in combination with the X, Y ID 

projections to provide robust performance. As discussed 

above, the pseudo code for a ID projection in the X direction 

at position x is: 

for(m-0; m<length_of_Y; m++) 
X_projection[x] +- pixel[x, m]. 

The pseudo code for a ID projection in the X direction at 

position x after applying a sliding filter having a sliding 

window size of 3 pixels is: 

for(m-0; m<length_of_Y; m++) 
for(n--1; n<2; n++) 

X_projection[x] +- pixel[x+n, m]. 

[0094] As discussed above, the pseudo code for a ID 

projection in the Y direction at position y is: 

for(m-0; m<length_of_X; m++) 
Y_projection[y] +- pixel[m, y]. 

The pseudo code for a ID projection in the Y direction at 

position y after applying a sliding filter having a sliding 

window size of 3 pixels is: 

for(m-0; m<length_of_X; m++) 
for(n--1; n<2; n++) 

Y_projection[y] +- pixel[y+n, m]. 

[0095] In some embodiments, a different 2D corner edge 

filter is applied to each sub-block of an image. In some 

embodiments, the 2D comer edge filters for the sub-blocks 

are represented by the following arrays: 

[0096] Filter for top-left sub-block: 

r: -1 ~11 

l1 -1 -1 J 

[0097] Filter for bottom-left sub-block: 
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[0098] Filter for top-right sub-block: 

r ~1 -1 : 1 
l-1 -1 1 J 

[0099] Filter for bottom-right sub-block: 

[0100] A particular 3x3 2D filter for a particular sub-block 
is used to determine the specific position of a medium 
"comer" in the sub-block by applying the particular 2D filter 
to each 3x3 pixel pattern in the sub-block. As known in the 
art, at each filter application, the filter output comprises a 
convolution result between the 3x3 2D filter array and the 
3x3 pixel value array of a particular pixel pattern. In some 
embodiments, the 3x3 pixel value array comprises a 3x3 
array of Luma (Y) values of the particular pixel pattern. 

[0101] The 2D filter arrays are defined specifically for 
each sub-block (as shown above) in a way that produces a 
relatively high filter output ( convolution result) when the 2D 
filter is applied to a pixel pattern that likely contains a 
medium "comer." In some embodiments, if the filter output 
exceeds a predetermined threshold value at a particular pixel 
pattern, the method may determine ( at 1540) that the specific 
position of a medium "comer" in the sub-block is within the 
particular pixel pattern (referred to as the selected pixel 
pattern). In other embodiments, if the filter output at a 
particular pixel pattern produces the highest filter output 
value in the sub-block, the method may determine (at 1540) 
that the specific position of a medium "comer" in the 
sub-block is within the particular pixel pattern (selected 
pixel pattern). 

[0102] In some embodiments, the method determines that 
a position of a particular pixel in a selected pixel pattern 
comprises the specific position of a medium "corner" in the 
sub-block depending on the position of the sub-block in the 
captured image. In these embodiments, for the top-left 
sub-block, the position of the top-left pixel in the selected 
pixel pattern comprises the specific position of a medium 
"comer" in the sub-block. For the bottom-left sub-block, the 
position of the bottom-left pixel in the selected pixel pattern 
comprises the specific position of a medium "corner" in the 
sub-block. For the top-right sub-block, the position of the 
top-right pixel in the selected pixel pattern comprises the 
specific position of a medium "comer" in the sub-block. For 
the bottom-right sub-block, the position of the bottom-right 
pixel in the selected pixel pattern comprises the specific 
position of a medium "comer" in the sub-block. 

[0103] To illustrate, assume that the 2D filter for top-left 
sub-block is being applied to a 3x3 pixel pattern in the 
top-left sub-block having the following Luma values (hav­
ing a range of [O ... 255]): 
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r 

255 255 

255 0 

255 0 

255 j 
0 . 

0 

[0104] As shown above, the filter for top-left sub-block is: 

r: -1 ~l 1 
l1 -1 -1 J 

[0105] As such, an output of one step in the convolution 
operation of the 2D filter may be represented as: 

1 *255+1 *255+1 *255+1 *255+(-l)*O+(-l)*O+l *255+ 
(-1 )*0+(-1 )*0-5*255-1275. 

[0106] Thus, the step output value (1275) of the 2D filter 
for this pixel pattern is relatively very high and most likely 
contains the medium "corner" in the sub-block. If a 3x3 
pixel pattern does not contain the top-left medium corner, 
the step output value of the 2D filter would be relatively 
small since the positive and negative pixel values would 
cancel each other out. Since the sub-block is the top-left 
sub-block, the method may determine (at 1540) that the 
position of the top-left pixel in the pixel pattern comprises 
the specific position of a medium "comer" in the sub-block. 

[0107] The pseudo code for the coarse and fine search 
steps is: 

projection(x) - surn_y( downSample(x, y)); 
projection(y) - surn_x( downSample(x, y)); 
x_peaks[] - find_and_sort_peaks(projection(x)); 
y_peaks[] - find_and_sort_peaks(projection(y)); 
if(x_peaks[ ].projection >- threshold AND y _peaks[ ].projection >­
threshold) 
{ 

(X_position, Y_position) -
findMax(filter(downSample(x_peaks[ ], y_peaks[ ]), comer filter)); 
} 
else if (x_peaks[ ].projection < threshold) 
{ 

X_position = image border; 
} 
else if (y _peaks[ ].projection < threshold) 
{ 

Y _position = image border; 

[0108] The fine searching (2D corner edge filtering) may 
be performed on a downsized image. In this case, the 
determined "comer" positions need to be converted to the 
scaling of the original captured image to be consistent with 
the resolution/size of the original captured image. This can 
be done by using a ratio that correlates to the downsizing 
ratio used to downsize the image. For example, if the 
original image was downsized by 1/16, the determined 
"comer" positions can be converted by the following equa­
tions: 

X_position=X_position* 16; 

Y_position= Y_position*l 6; 
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[0109] The fine searching may also be performed on an 
image at the full resolution of the original captured image to 
improve accuracy of the medium "comer" and boundary 
detection. In this case, the "corner" positions determined by 
the fine searching step do not need to be converted. 

[0110] The method 1500 then determines (at 1545) the 
boundary of the medium image using the determined 
medium "corner" positions, the boundary connecting the 
four medium "corner" positions. The method then removes 
(at 1550) the background image from the captured image 
using the medium boundary (i.e., removes the image from 
the medium boundary extending to the border of the cap­
tured image). In some embodiments, the method expands/ 
maps the image within the medium boundary (i.e., the 
content and medium images) to the resolution/size of the 
original captured image. In some embodiments, the method 
maps/transforms pixels within the medium boundary to the 
size of the original captured image using a geometric 
correction step, as discussed below in Section IV. The 
method then ends. 

IV. Compensating for Geometric Distortion in the Content 
Image 

[0111] Geometric distortion of text or lines often occurs in 
the content image due to an off-normal viewing angle when 
the original image was captured. Such geometric distortion 
makes text or lines in the content appear tilted or slanted and 
thus degrades the readability of the content. The geometric 
correction processing is performed on a captured image to 
produce text or lines in the content that appear "upright" to 
improve readability of the content. In some embodiments, 
the geometric correction processing expands the image 
within the medium boundary by mapping/transforming pix­
els within the medium boundary to the size and the coordi­
nate system of the original captured image. Therefore, the 
geometric correction processing also effectively removes the 
background image since the background image is not 
mapped. 
[0112] The geometric correction processing is performed 
after the medium comers and boundary of the medium 
image are determined (e.g., using the boundary detection 
method 1500 of FIG. 15). FIG. 23 shows an example of a 
captured image 2300 (having four comers 2315) containing 
a medium image 2305. As shown in FIG. 23, the corners 
2310 and the boundary of the medium image 2305 have been 
determined. Also as shown in FIG. 23, the area within the 
medium boundary can be divided into two triangle areas 
2320 and 2325, the medium corners 2310 comprising the 
vertices of the two triangle areas 2320 and 2325. In some 
embodiments, the two triangles 2320 and 2325 comprise the 
entire area within the medium boundary. 
[0113] In some embodiments, the X, Y coordinates of each 
medium corner 2310 is mapped to a corresponding comer 
2315 of the captured image 2300. Two linear equations may 
be used to represent each such mapping: 

(Eq. 1) 

where (x, y) is the coordinate of the medium corner (rep­
resenting the unmapped/uncorrected pixel) and (x', y') is the 
coordinate of the captured image comer (representing the 
mapped/corrected pixel). 
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[0114] As such, for the first triangle 2320, a first set of six 
linear equations are produced (two linear equations for each 
mapped vertex) having six unknown variables (a1 , a2 , a3 , b1 , 

b2 , b3 ). For the second triangle 2325, a second set of six 
linear equations are produced having six unknown variables. 
Since the three vertices of a triangle do not fall on a straight 
line, there can be only one set of solutions for the six 
unknown variables of each set. A first set of solutions for the 
unknowns is then determined for the first set of linear 
equations to produce a first set of mapping equations for the 
first triangle 2320. A second set of solutions for the 
unknowns is then determined for the second set of linear 
equations to produce a second set of mapping equations for 
the second triangle 2325. Each set of mapping equations 
comprises the two linear equations of Eq. 1 but having 
determined values for the unknown variables. Each pixel 
contained within the first triangle can be mapped to the size 
of the captured image 2300 using the first mapping equation. 
Likewise, each pixel contained within the second triangle 
can be mapped to the size of the captured image 2300 using 
the second mapping equation. 
[0115] For example, in FIG. 23, for the bottom-left tri­
angle 2320, each medium corner 2310 comprising a vertex 
of the triangle is mapped to a corresponding corner 2315 of 
the captured image. These three mappings are represented 
by the following linear equations: 

For the medium corner/vertex at position (F,G) mapping to 
the image corner (0, D): 

[0116] 

For the medium corner/vertex at position (H, J) mapping to 
the image corner (0, 0): 

[0117] 

For the medium corner/vertex at position (C, L) mapping to 
the image corner (C, 0): 

[0118] 

[0119] Since values C, D, F, G, H, J, and L are known, 
there are only six unknown variables (ai, a2 , a3 , b1 , b2 , b3 ) 

which can be determined using the six equations. After the 
unknown variables are determined and the two mapping 
equations are produced (by plugging in the determined 
variables into Eq. 1 ), each pixel contained within the triangle 
2320 defined by these three vertices can be mapped to the 
size and coordinate system of the captured image 2300 using 
the two mapping equations. The pixels of the top-right 
triangle 2325 can then be processed in a similar manner. 
[0120] In other embodiments, the pixels of the image 
within the medium boundary is mapped/transformed with­
out partitioning the image into two triangles. In these 
embodiments, the linear equations (Eq. 1) are also used. 
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However, each of the medium corners is mapped to a 
corresponding corner of the captured image so that only 
eight linear equations are produced, as opposed to twelve 
linear equations produced in the two triangle method (six 
linear equations being produced for each triangle). The six 
unknown variables (a1, a2 , a3 , b1 , b2 , b3 ) may be determined 
using the eight linear equations using various methods 
known in the art (e.g., least mean squares methods, etc.) to 
produce the two mapping equations. Each pixel of the image 
within the entire medium boundary is then mapped using the 
two mapping equations (Eq. 1), wherein (x, y) represent the 
original coordinates of the pixel and (x', y') represent the 
mapped coordinates of the pixel. 
[0121] Note that only the pixels of the captured image 
inside the medium boundary are mapped, while the pixels of 
the captured image outside the medium boundary are not 
mapped to the size and coordinate system of the captured 
image. This effectively removes the background image 
( comprising the area between the medium boundary and the 
border of the captured image) and produces a processed 
image comprising only the medium and content images. 
[0122] FIG. 24 shows a flowchart of a method 2400 for 
correcting geometric distortion in an image. The method 
2400 may be implemented through software and/or hard­
ware configured to implement the method. The method may 
be implemented on an image-capturing device or on a 
separate device that receives a captured image for process­
ing. In other embodiments of the method 2400, a different 
number of steps and/or a different order of steps is used. 
[0123] The method 2400 begins when a captured image is 
received (at 2405), the captured image comprising an image 
of a medium, an image of content on the medium, and an 
image of a background surrounding the medium. In the 
captured image, the medium corners and boundary of the 
medium image have been determined ( e.g., using the bound­
ary detection method 1500 of FIG. 15). The method maps (at 
2410) each medium corner to a corresponding corner of the 
captured image and represents (at 2415) the mappings using 
a plurality oflinear equations having a plurality of unknown 
variables. In some embodiments, the method represents the 
mappings of the four medium corners using eight linear 
equations having six unknown variables (two linear equa­
tions for each mapping). In other embodiments, the medium 
corners comprise vertices of two triangles, where each 
medium corner comprises a particular vertex of a triangle. In 
these embodiments, the method divides the area within the 
medium boundary into two triangle areas, the medium 
corners comprising the vertices of the two triangle areas. For 
each triangle, the method represents (at 2415) the mappings 
using six linear equations having six unknown variables. 
[0124] The method then determines (at 2420) the 
unknown variables of the linear equations using any variety 
of methods (e.g., least mean squares methods, etc.). The 
method then produces (at 2425) mapping equations in the 
form: 

y'~b 1x+b:,Y+b3 

where set values have been determined for the variables (a1, 

a2 , a3 , bi, b2 , b3 ). In the two-triangle method, the method 
determines separate mapping equations for each triangle. 
[0125] The method then maps (at 2430) each pixel of the 
image within the medium boundary to the size and the 
coordinate system of the original captured image using the 
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mapping equations. In the two-triangle method, the method 
uses a first set of mapping equations for pixels contained 
within a first triangle and a second set of mapping equations 
for pixels contained within a second triangle. The method 
then ends. 

V. Examples of the Image Processing Steps 

[0126] The examples of the image processing steps pro­
vided below are for illustrative purposes only and do not 
limit the embodiments described herein. For example, the 
examples described below show a particular order of image 
processing steps. However, this order of steps may be 
changed and/or a step may be removed without departing 
from the embodiments described herein. Further, the 
examples below relate to images of a whiteboard and a white 
document. However, images of a board or document of any 
other color may be used without departing from the embodi­
ments described herein. 

[0127] FIG. 25A shows an example of a captured image of 
a whiteboard having content and a background. FIG. 25B 
shows the captured image of FIG. 25A after the image 
enhancement step ( described in Section II) that recovers the 
original appearance of the whiteboard and enhances the 
appearance of the content to improve the visibility of the 
content. FIG. 25C shows the enhanced image of FIG. 25B 
after the whiteboard boundary has been determined (as 
described in Section III) and the whiteboard image and 
content image have been mapped to the original size of the 
captured image (as described in Section IV). 
[0128] FIG. 26A shows an example of a captured image of 
a white document having content and a background. FIG. 
26B shows the captured image of FIG. 26A after the image 
enhancement step ( described in Section II) that recovers the 
original appearance of the white document and enhances the 
appearance of the content to improve the visibility of the 
content. FIG. 26C shows the enhanced image of FIG. 26B 
after the white document boundary has been determined (as 
described in Section III) and the white document image and 
content image have been mapped to the original size of the 
captured image (as described in Section IV). 
[0129] Those of skill in the art would understand that 
information and signals may be represented using any of a 
variety of different technologies and techniques. For 
example, data, instructions, commands, information, sig­
nals, bits, symbols, and chips that may be referenced 
throughout the above description may be represented by 
voltages, currents, electromagnetic waves, magnetic fields 
or particles, optical fields or particles, or any combination 
thereof. 
[0130] Those of skill would further appreciate that the 
various illustrative logical blocks, modules, circuits, and 
algorithm steps described in connection with the embodi­
ments disclosed herein may be implemented as electronic 
hardware, computer software, or combinations of both. To 
clearly illustrate this interchangeability of hardware and 
software, various illustrative components, blocks, modules, 
circuits, and steps have been described above generally in 
terms of their functionality. Whether such functionality is 
implemented as hardware or software depends upon the 
particular application and design constraints imposed on the 
overall system. Skilled artisans may implement the 
described functionality in varying ways for each particular 
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application, but such implementation decisions should not 
be interpreted as causing a departure from the embodiments 
described herein. 
[0131] The various illustrative logical blocks, modules, 
and circuits described in connection with the embodiments 
disclosed herein may be implemented or performed with a 
general purpose processor, a digital signal processor (DSP), 
an application specific integrated circuit (ASIC), a field 
programmable gate array (FPGA) or other programmable 
logic device, discrete gate or transistor logic, discrete hard­
ware components, or any combination thereof designed to 
perform the functions described herein. A general purpose 
processor may be a microprocessor, but in the alternative, 
the processor may be any conventional processor, controller, 
microcontroller, or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunc­
tion with a DSP core, or any other such configuration. 
[0132] The steps of a method or algorithm described in 
connection with the embodiments disclosed herein may be 
embodied directly in hardware, in a software module 
executed by a processor, or in a combination of the two. A 
software module may reside in RAM memory, flash 
memory, ROM memory, EPROM memory, EEPROM 
memory, registers, hard disk, a removable disk, a CD-ROM, 
or any other form of storage medium known in the art. An 
exemplary storage medium is coupled to the processor such 
the processor can read information from, and write infor­
mation to, the storage medium. In the alternative, the storage 
medium may be integral to the processor. The processor and 
the storage medium may reside in an ASIC. The ASIC may 
reside in a user device. In the alternative, the processor and 
the storage medium may reside as discrete components in a 
user device. 
[0133] The previous description of the disclosed embodi­
ments is provided to enable any person skilled in the art to 
make or use the embodiments described herein. Various 
modifications to these embodiments will be readily apparent 
to those skilled in the art, and the generic principles defined 
herein may be applied to other embodiments without depart­
ing from the spirit or scope of the embodiments described 
herein. Thus, the embodiments are not intended to be limited 
to the specific embodiments shown herein but is to be 
accorded the widest scope consistent with the principles and 
novel features disclosed herein. 

What is claimed is: 
1. A method for processing a captured image comprising 

a medium image, a content image within the medium image, 
and a background image surrounding the medium image, the 
method comprising: 

dividing the captured image into a plurality of sub-blocks; 
determining a position of a comer of the medium image 

in each sub-block; 
determining a boundary of the medium image using the 

positions of the medium image corners; and 
removing the background image based on the boundary of 

the medium image. 
2. The method of claim 1, wherein the medium image 

comprises an image of a whiteboard, blackboard, or docu­
ment. 

3. The method of claim 1, wherein the content image 
comprises an image of text or lines. 
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4. The method of claim 1, wherein determining a position 
of a comer of the medium image in a sub-block comprises: 

performing one or more one-dimensional (ID) projec­
tions to determine an approximate position of the 
corner. 

5. The method of claim 4, wherein: 
the captured image has an X, Y coordinate system, 

wherein a position of a medium image comer com­
prises X and Y coordinates; and 

performing the one or more ID projections comprises 
performing X and Y ID projections to determine an 
approximate position of the comer. 

6. The method of claim 4, wherein determining a position 
of a comer of the medium image in a sub-block further 
comprises: 

performing two-dimensional (2D) comer edge filtering to 
determine a specific position of the comer. 

7. The method of claim 1, further comprising: 
removing the content image from the captured image by 

downsampling the captured image and applying one or 
more median filters to the captured image; and 

before determining the position of the medium image 
corner in each sub-block, obtaining information of 
images of any edges in the captured image by applying 
one or more high-pass filters to the captured image. 

8. The method of claim 1, wherein removing the back­
ground image comprises: 

mapping only pixels of the captured image within the 
medium boundary to the size of the captured image. 

9. An apparatus for processing a captured image com­
prising a medium image, a content image within the medium 
image, and a background image surrounding the medium 
image, the apparatus comprising: 

an image processing module configured for: 
dividing the captured image into a plurality of sub­

blocks; 
determining a position of a comer of the medium image 

in each sub-block; 
determining a boundary of the medium image using the 

positions of the medium image corners; and 
removing the background image based on the boundary 

of the medium image. 
10. The apparatus of claim 9, wherein the medium image 

comprises an image of a whiteboard, blackboard, or docu­
ment. 

11. The apparatus of claim 9, wherein the content image 
comprises an image of text or lines. 

12. The apparatus of claim 9, wherein the image process­
ing module is configured to determine a position of a comer 
of the medium image in a sub-block by: 

performing one or more one-dimensional (ID) projec­
tions to determine an approximate position of the 
corner; and 

performing two-dimensional (2D) comer edge filtering to 
determine a specific position of the comer. 

13. The apparatus of claim 9, wherein the image process­
ing module is further configured for: 

removing the content image from the captured image by 
downsampling the captured image and applying one or 
more median filters to the captured image; and 

obtaining information of images of any edges in the 
captured image by applying one or more high-pass 
filters to the captured image. 
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14. The apparatus of claim 9, wherein the image process­
ing module is configured to remove the background image 
by: 

mapping only pixels of the captured image within the 
medium boundary to the size of the captured image. 

15. The apparatus of claim 9, further comprising: 
an image capturing device configured for capturing 

images, wherein the apparatus comprises a camera, a 
document facsimile reading apparatus, a photocopy 
machine, a business card reader, a bar code scanner, or 
a document scanner. 

16. The apparatus of claim 15, further comprising: 
a mobile communication processor configured for trans­

mitting a processed image via a wireless connection, 
wherein the apparatus comprises a mobile communi­
cations device having a camera. 

17. A computer program product comprising a computer 
readable medium having instructions stored thereon when 
executed, process a captured image comprising a medium 
image, a content image within the medium image, and a 
background image surrounding the medium image, the 
computer program product comprising sets of instructions 
for: 

dividing the captured image into a plurality of sub-blocks; 
determining a position of a comer of the medium image 

in each sub-block; 
determining a boundary of the medium image using the 

positions of the medium image corners; and 
removing the background image based on the boundary of 

the medium image. 
18. The computer program product of claim 17, wherein: 
the medium image comprises an image of a whiteboard, 

blackboard, or document; and 
the content image comprises an image of text or lines. 
19. The computer program product of claim 17, wherein 

the set of instructions for determining a position of a comer 
of the medium image in a sub-block comprises a set of 
instructions for: 

performing one or more one-dimensional (ID) projec­
tions to determine an approximate position of the 
corner. 

20. The computer program product of claim 19, wherein 
the set of instructions for determining a position of a comer 
of the medium image in a sub-block further comprises a set 
of instructions for: 

performing two-dimensional (2D) corner edge filtering to 
determine a specific position of the comer. 

21. An apparatus configured for processing a captured 
image comprising a medium image, a content image within 
the medium image, and a background image surrounding the 
medium image, the apparatus comprising: 

means for dividing the captured image into a plurality of 
sub-blocks; 

means for determining a position of a corner of the 
medium image in each sub-block; 

means for determining a boundary of the medium image 
using the positions of the medium image comers; and 

means for removing the background image based on the 
boundary of the medium image. 

22. The apparatus of claim 21, wherein: 
the medium image comprises an image of a whiteboard, 

blackboard, or document; and 
the content image comprises an image of text or lines. 
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23. The apparatus of claim 21, wherein means for deter­
mining a position of a comer of the medium image in a 
sub-block comprises: 

means for performing one or more one-dimensional (ID) 
projections to determine an approximate position of the 
corner. 

24. The apparatus of claim 23, wherein means for deter­
mining a position of a comer of the medium image in a 
sub-block further comprises: 

means for performing two-dimensional (2D) comer edge 
filtering to determine a specific position of the comer. 

25. A method for processing a captured image comprising 
a medium image, a content image within the medium image, 
and a background image surrounding the medium image, the 
medium image having a medium boundary and a plurality of 
medium comers, the method comprising: 

mapping each medium comer to a corresponding corner 
of the captured image; 

representing the mappings with a plurality oflinear equa­
tions having a plurality of unknown variables to pro­
duce a plurality of mapping equations; and 

mapping pixels within the medium boundary to the size of 
the captured image using the mapping equations. 

26. The method of claim 25, wherein the medium image 
comprises an image of a whiteboard, blackboard, or docu­
ment. 

27. The method of claim 25, wherein the content image 
comprises an image of text or lines. 

28. The method of claim 25, wherein the mapping equa­
tions are in the form: 

wherein (x, y) represents the original coordinates of a 
pixel, (x', y') represents the mapped coordinates of a 
pixel, and (a1 , a2 , a3 , b1 , b2 , b3 ) are the solved variables. 

29. The method of claim 25, wherein mapping the pixels 
within the medium boundary comprises: 

dividing the area within the medium boundary into two 
triangles; 

mapping the pixels within the first triangle using a first set 
of mapping equations; and 

mapping the pixels within the second triangle using a 
second set of mapping equations. 

30. The method of claim 25, wherein: 
representing the mappings with the plurality of linear 

equations comprises: 
dividing the area within the medium boundary into two 

triangles, the medium corners comprising the verti­
ces of the two triangles; 

representing the mappings of the vertices of the first 
triangle with a first set of linear equations and 
unknown variables to produce a first set of mapping 
equations; and 

representing the mappings of the vertices of the second 
triangle with a second set of linear equations and 
unknown variables to produce a second set of map­
ping equations; and 

mapping the pixels within the medium boundary com­
prises: 
mapping the pixels within the first triangle using the 

first set of mapping equations; and 
mapping the pixels within the second triangle using the 

second set of mapping equations. 
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31. The method of claim 25, further comprising: 
dividing the captured image into a plurality of sub-blocks; 
determining a position of a comer of the medium image 

in each sub-block; and 
determining a boundary of the medium image using the 

positions of the medium image corners. 
32. An apparatus for processing a captured image com­

prising a medium image, a content image within the medium 
image, and a background image surrounding the medium 
image, the medium image having a medium boundary and a 
plurality of medium corners, the apparatus comprising: 

an image processing module configured for: 
mapping each medium corner to a corresponding comer 

of the captured image; 
representing the mappings with a plurality oflinear equa­

tions having a plurality of unknown variables to pro­
duce a plurality of mapping equations; and 

mapping pixels within the medium boundary to the size of 
the captured image using the mapping equations. 

33. The apparatus of claim 32, wherein the medium image 
comprises an image of a whiteboard, blackboard, or docu­
ment. 

34. The apparatus of claim 32, wherein the content image 
comprises an image of text or lines. 

35. The apparatus of claim 32, wherein the mapping 
equations are in the form: 

y'=b 1x+b:z.Y+b3 

wherein (x, y) represents the original coordinates of a 
pixel, (x', y') represents the mapped coordinates of a 
pixel, and (ai, a2 , a3 , b1 , b2 , b3 ) are the solved variables. 

36. The apparatus of claim 32, wherein the image pro­
cessing module is configured to map the pixels within the 
medium boundary by: 

dividing the area within the medium boundary into two 
triangles; 

mapping the pixels within the first triangle using a first set 
of mapping equations; and 

mapping the pixels within the second triangle using a 
second set of mapping equations. 

37. The apparatus of claim 32, wherein: 
the image processing module is configured to represent 

the mappings with the plurality of linear equations by: 
dividing the area within the medium boundary into two 

triangles, the medium corners comprising the verti-
ces of the two triangles; 

representing the mappings of the vertices of the first 
triangle with a first set of linear equations and 
unknown variables to produce a first set of mapping 
equations; and 

representing the mappings of the vertices of the second 
triangle with a second set of linear equations and 
unknown variables to produce a second set of map­
ping equations; and 

the image processing module is configured to map the 
pixels within the medium boundary by: 
mapping the pixels within the first triangle using the 

first set of mapping equations; and 
mapping the pixels within the second triangle using the 

second set of mapping equations. 
38. The apparatus of claim 32, wherein the image pro­

cessing module is further configured for: 
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dividing the captured image into a plurality of sub-blocks; 
determining a position of a comer of the medium image 

in each sub-block; and 
determining a boundary of the medium image using the 

positions of the medium image comers. 
39. The apparatus of claim 32, further comprising: 
an image capturing device configured for capturing 

images, wherein the apparatus comprises a camera, a 
document facsimile reading apparatus, a photocopy 
machine, a business card reader, a bar code scanner, or 
a document scanner. 

40. The apparatus of claim 39, further comprising: 
a mobile communication processor configured for trans­

mitting a processed image via a wireless connection, 
wherein the apparatus comprises a mobile communi­
cations device having a camera. 

41. A computer program product comprising a computer 
readable medium having instructions stored thereon when 
executed, process a captured image comprising a medium 
image, a content image within the medium image, and a 
background image surrounding the medium image, the 
medium image having a medium boundary and a plurality of 
medium comers, the computer program product comprising 
sets of instructions for: 

mapping each medium comer to a corresponding corner 
of the captured image; 

representing the mappings with a plurality oflinear equa­
tions having a plurality of unknown variables to pro­
duce a plurality of mapping equations; and 

mapping pixels within the medium boundary to the size of 
the captured image using the mapping equations. 

42. The computer program product of claim 41, wherein: 
the medium image comprises an image of a whiteboard, 

blackboard, or document; and 
the content image comprises an image of text or lines. 
43. The computer program product of claim 41, wherein 

the set of instructions for mapping the pixels within the 
medium boundary comprises sets of instructions for: 

dividing the area within the medium boundary into two 
triangles; 

mapping the pixels within the first triangle using a first set 
of mapping equations; and 

mapping the pixels within the second triangle using a 
second set of mapping equations. 
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44. The computer program product of claim 41, further 
comprising sets of instructions for: 

dividing the captured image into a plurality of sub-blocks; 
determining a position of a comer of the medium image 

in each sub-block; and 
determining a boundary of the medium image using the 

positions of the medium image corners. 
45. An apparatus configured for processing a captured 

image comprising a medium image, a content image within 
the medium image, and a background image surrounding the 
medium image, the medium image having a medium bound­
ary and a plurality of medium corners, the apparatus com­
prising: 

means for mapping each medium comer to a correspond­
ing corner of the captured image; 

means for representing the mappings with a plurality of 
linear equations having a plurality of unknown vari­
ables to produce a plurality of mapping equations; and 

means for mapping pixels within the medium boundary to 
the size of the captured image using the mapping 
equations. 

46. The apparatus of claim 45, wherein: 
the medium image comprises an image of a whiteboard, 

blackboard, or document; and 
the content image comprises an image of text or lines. 
47. The apparatus of claim 45, wherein means for map­

ping the pixels within the medium boundary comprises: 
means for dividing the area within the medium boundary 

into two triangles; 
means for mapping the pixels within the first triangle 

using a first set of mapping equations; and 
means for mapping the pixels within the second triangle 

using a second set of mapping equations. 
48. The apparatus of claim 45, further comprising: 
means for dividing the captured image into a plurality of 

sub-blocks; 
means for determining a position of a corner of the 

medium image in each sub-block; and 
means for determining a boundary of the medium image 

using the positions of the medium image corners. 

* * * * * 
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