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“SPECI FI CATION Field An apparatus and nethod for processing a captured image
and, nore 5 particularly, for processing a captured image conprising a
docunent w®Bapkasesnd Figure 1-A is a bl ock di agram depicgtusgstoypical
conponents of a scanner. A scanner is typically used to capture an inage of
a docunent 110. A docunent 110 is placed on the scanner plate 112. A scan
head 120, which is generally 10 conprised of an optical subsystem 122 and a
charge-coupl ed device ("CCD') 124, is noved across the docunent 110.

Al though Figure 1A depicts only a two di mensi onal view, the scan head 120
may nove across the docunment in both the d| rectlo Jjstrated by arrow 114
and in a direction BIQI&EIRAPHIG &Mptical subsystem
122 focuses |ight refl ect ed frorgpz@@m@}qmgmo onto a 15 CCD 124. CCD 124 is
often inplenmented as a two-di nensional array of photosensitive capacitive
el emrents. Wien light is incident on the photosensitive elenents of the CCD
124, chaFigkl i's trapped in a depletion region of the semni conductor elenents.
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15 CCD 124. CCD 124 is often implemented as a two dimensional array of
photosensitive capacitive elements. When light is incident on the photosensitive
elements of the CCD 124, charge is trapped in a depletion region of the
semiconductor elements. The amount of charge associated with the
photosensitive capacitive elements is related to the intensity of light incident on
20 the respective elements received over a sampling period. Accordingly, the image
is captured by determining the intensity of incident light at the respective
photosensitive capacitive elements via sampling the elements. The analog
information produced by the photosensitive capacitive elements is converted to
digital information by an analog-to-digital (A/D) converter 130. An A/D converter
25 130 may convert the analog information received from CCD 124 in either a serial
or parallel manner. The convereted digital information may be stored in memory
140. The digital information is then processed by a processor 150 according to
control software stored in ROM 180. The user may control scanning parameters
via user interface 170 and the scanned image is outputted through output port
30 160.
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A block diagram of a digital camera is depicted in Figure 1B. An optical

subsystem 122 of a digital camera may be used to focus light reflected from a
document 110 onto a CCD 124, much as in the scanner. In other digital cameras,
devices other than a CCD are used to capture the light reflected from the image,

35 such as CMOS sensors. In the context of a digital camera, as opposed to a
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35 such as CMOS sensors. In the context of a digital camera, as opposed to a
WO 2006/ 026005 PCT/ US2005/ 027041 2 scanner, the optical subsystem 122'is °
not noved al ong the surface of the docunent, as in a scanner. Rather, in a

digital camera, the optical system 122 is generally stati i th respect
to the oHWQéPWWEﬂ@h as a docunment, to be imaged. In ad@é#ﬂ§%5¥%w%bgital
caneras, photographs captured fromfil mbased caneras 5 may al so be
digitized. Caneras offer significant advantages over scanners for capturing
docunent i nmages and ot her inmages. For sexanple, caneras are generally nore
portable than scanners. In addition, Decause scanners require a captured
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distance from a document to be imaged, these distortions do not generally occur

in scanners.

20 Therefore, a need exists for an apparatus and method for capturing images
of documents that utilizes the advantages of cameras over scanners, yet reduces
the difficulties presented by capturing document images via a camera as opposed

to a scanner.

Brief Summary

25 An apparatus and method for processing a captured image that comprises
an imaged document are described. In one embodiment, the apparatus
comprises a stationary camera, which is utilized to capture the imaged document.
In another embodiment, a non-stationary camera is utilized to capture the imaged
documents. In yet another embodiment, a method for processing a captured

30 image that includes a document comprises the steps of distinguishing an imaged
document from its background, adjusting the captured image to reduce distortions
created from use of a camera and properly orienting the document.

Brief Description of the Drawings
~ Fig. 1A depicts a prior art document scanner.
35 Fig. 1B depicts a prior art digital camera.




“ Brief Descri ption of the Drawings Fig. 1A depicts a prior art document
scanner. 35 Fig. 1 B depicts a prior art digital carrera WO 2006/ 026005

PCT/ US2 5 3 Fi g. 2 depicts a general flowchar qd for
pr ocessf{gé g&zgp ured inmage. Fig. 3 depicts a flowchaé o? anot(ﬂI

enbodi mrent of a nethod for processing a captured inmage. 5 Fig. 4 depicts a
flowchart of a nethod of perform ng segnentation in accordance with one of
the inplenentations of the method of |rragi ng a docunent disclosed herein.
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Fig. 8 depicts a flowchart of one method of performing the distortion
15 removal steps illustrated in Fig. 2 and Fig. 3.
- Fig. 9 depicts a flowchart of one method of performing the lines of text step
illustrated in Fig. 3.
Fig. 10 depicts a flowchart of one method of determining whether a
document is properly oriented in an upright manner in accordance with one
20 implementation of the method of imaging a document disclosed herein.
Fig. 11 depicts one embodiment of an apparatus for capturing and
processing an image including an imaged document.
Fig. 12 depicts a flowchart of one method of determining whether a
document is oriented in an upright manner in accordance with one implementation
25  of the method of imaging a document disclosed herein.
Fig. 13 depicts one embodiment of a system for processing a captured
image.

Detailed Description of Preferred Embodiments
Embodiments described herein are operable to process an image captured
30 from a camera that comprises a document. Embodiments described herein are
operable to identify the captured document image from its background. After the
captured document image is isolated from its background, embodiments
described herein are operable to reduce or remove distortions of the captured
document image. After the distortion of the captured document image is
35 corrected, embodiments described herein are operable to rotate the captured
document image to its proper orientation. Additionally, embodiments described




operable to identify the captured docunent inmage fromits background. After
the capt'ured docunent inage is isolated fromits background, enbodi nents
descri bed herein are operable to reduce or renove distortions of the
captured docunent image. After the distortion of the captured docunent

I mage is 35 corrected, enbodi nents described herein are operable to rotate
the captured docunent image to its proper orientation. Additionally,

enbodi ments described 4 herein provide the user with an eval uati on of the
success of inplenenting each of the steps in its various enbodi nents.
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printing tbrectpthearizneddiodasfuhe®dbcum@gte. This step 250 may operate to determine
20  whether the captured. document image should be in a portrait or landscape
orientation and to rotate the captured document image accordingly. This step 250
may also operate to determine whether the captured document image is upside
down and to rotate the captured document image accordingly. In step 260 the
processed document image is outputted. The processed document image may be
25 outputted 260 through various means, such as displaying an image of the
processed document image on a monitor, saving the processed document image
to a computer file, electronically transmitting the document image, or printing the
processed document image. '
Figure 3 depicts a flowchart 300 of another embodiment of a method for
30 processing a captured image. After start 305, the image is received 310. In step
315 the received image is converted into a device independent bit map. In step
320 segmentation is performed utilizing an edge-based segmentation process.
The edge-based segmentation 320 process identifies the edges of the captured
image document to distinguish the captured document image from its background.
35 Figure 4 depicts a flow chart of one embodiment of an edge based
segmentation 320. In this embodiment, horizontal and vertical edge points are
located. This is done by searching for edge points. Edge points are determined



"Figure 3 depicts a flowchart 300 of another enbodi nent of a nethod for 30
processing a captured i mage. After start 305, the.image is received 310, In
step 313 hesorees ved i mage i s converted into a devi cecrndep@sogent bit map.
In step 320 segnentation is perfornmed utilizing an edge-based segnmentation
process. The edge-based segnentation 320 process identifies the edges of
the captured imge docunent to distinguish the captured docunent inmage from
its background. 35 Figure 4 depicts & flow chart of one enbodi nent of an
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coordi n% s?ané’e coonglnn?é/s are used, where the angle value corresponds to the angle of
the line segment around the center of the received image and the distance value
corresponds to the distance from the center of the received image to the nearest
point in the line segment. In other embodiments, other coordinate systems may
25  be used, including, for example, Cartesian coordinates or polar coordinate. These
values are then stored. The process of selecting two random points from the
edge points obtained in 410 and 420 is repeated to obtain a sufficient sample
group 530. In one embodiment, this process is repeated five thousand times,
though different sample sizes may be used. After the sampling, the pairs of points
30 that all lie on the same line are grouped in bins. If the initial edge points selected
in 410 and 420 accurately represent the edges of the document in the received
image, approximately one quarter of the points will be distributed into four small
ranges corresponding to the four document edges, while the remaining points will
be spread generally uniformly over the rest of the possible coordinates. The four
35 sets of grouped line segments that have the most grouped line segments 540 and
meet a minimum threshold of grouped line segments are identified as
representing the four edges of the document in the received image 550. In one



25 be used, including, for exanple, Cartesian coordinates or polar .

coordi nate. These values are then stored. The process of selecting two
random poi nts fromthe edge points obtained in 410 and 420 is repeated to
obt ai n awewpéd/sm@st sanple group 530. In one enbodi NnePET/UBWPF02304dcess i s
repeated five thousand tinmes, though different sanple sizes may be used.
After the sanpling, the pairs of points 30 that all lie on the sane |line are
grouped in bins. If the initial edge points selected in 410 and 420
accurately represent the edges of th8 docunent in the received image,
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20 determined. This step 325 may be referred to as the calculation of the
confidence. In one embodiment, the confidence is calculated for each edge of the
received document image and the lowest value is determined to be the overall
confidence. In another embodiment, the highest confidence value among the
edge lines is determined to be the overall confidence. In yet another embodiment,
25 a combination of the confidence of the edge lines is used, such as for example an
average of the confidence for the line edges, to determine the overall confidence.
One embodiment for calculating the confidence of the determination of a particular
line edge is to calculate the ratio between the number of pixel points remaining in
that edge's collection after outlier removal 440 and the total number of pixel points
30 that could have been found on that edge. The confidence determination can be
used to improve the distortion removal 240, 350 of the received document image
and can also be used to inform a user of the accuracy of the performance of the
system for a particular received image. In step 330, if the confidence in the edge-
based segmentation step 320 is not sufficiently high, then a content-based
35 segmentation of step 335 is performed.
The content-based segmentation step 335, one embodiment of which is
depicted in Figure 7, identifies the text of the captured image document and



“confidence. In one enbodiment, the confidence is calculated for each edge of
the received docunent imge and the |l owest value.is determ ned to be the
over al | woonbé/ebeose. | n anot her enbodi nent, the hi ghespcrmsidosierrea val ue
anmong the edge lines is determned to be the overall confidence. In yet
anot her enbodi ment, 25 a conbination of the confidence of the edge lines is
used, such as for exanple an average of the confidence for the |ine edges,
to determne the overall confidence. 7 One enbodi ment for cal cul ating the
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whene t hitstpitiohuisedésicted in Figure 8. This embodiment involves mapping a set of

image coordinates 810, for example (X, y), to a new set of image coordinates, for
example (u, v). After the segmentation step 230, 320, 335 the four corners of the
document are determined 340. Typically, in a document containing perspective
distortion, these four corners will correspond to a trapezoid, whereas a document
.25 should generally have the shape of a rectangie. Thus, in one embodiment, the
mapping 810 is performed between the received trapezoid to the desired
rectangle. One embodiment for accomplishing this mapping 810 is to utilize a
homogeneous transformation between the non-distorted pixel coordinates and the
distorted pixel coordinates via a homogeneous matrix representing the transform
30 from the distorted pixel coordinate to the non-distorted pixel coordinate, which is
known in the art. The transform can be calculated by comparing the four corners
determined during segmentation 230, 320, 335 with a corrected dimensions of the
non-distorted received document image. In one embodiment, the need for
calculating the transform at each pixel point can be avoided by simply calculating
35 the transform for each line and utilizing linear interpolation to calculate the new
pixel coordinates. After mapping new coordinates corresponding to a document



not taken,at an angle directly above and centered upon the docunent, there
will ,be a perspective distortion of the received docunent inage. One

enbodi nent for adjusting the inmage to correct for perspective 20 distortion,
is.depicted in Figure 8. This enbodi nent involves nmapping a set of inage
coordi nates 810, for exanple (x, y), to a new set of image coordinates, for
exanple (u, v). After the segnentation step 230, 320, 335 the four corners
of the docunent are determ ned 340. Tyfically, in a docunment containing

per spect i vbavidgsa ceduced ,perspeotivé distortion ne re-saiipling af ities peds isqperfarmagdezoi d,
whereas a gqeument 25 should generally have the shape of a rectangle. Thus,
in one enbodihent, the mapping 810 is perfornmed between the received
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at. For es%%% 60e.’Tﬁef thtres?hc;lorltlﬁg %gocess%gg%dthcesathg%g%r depth of the image and
has the potential advantage of reducing the distortion created by a flash that may
be used when photographing the image. In one embodiment, the thresholding
process 365 reduces the twenty-four bit color images to one bit black-and-white
25 images. The potential benefits of reducing the images to black and white is the
reduction of the effects introduced by the camera's flash and the reduction of the
amount of information required by the system 300 to process. The thresholding
365 can be performed in a number of ways. One embodiment may utilize a
dithering technique, which is known in the art. An example of a dithering
30 technique may be found in existing image software, such as the SNOWBOUND®
IMAGE LIBRARY by Showbound Software Corp. One shortcoming of using a
dithering technique, however, is the introduction of noise into the image.  Another
embodiment for thresholding 365 involves selecting a global threshold for an
image. In such a technique, a threshold value is selected. Those pixels having
35 an intensity greater than the threshold value are deemed white and the remaining
pixels are deemed black. The threshold value may be selected in a number of
ways. In one embodiment, the threshold value is selected and applied for all



15 in a book, the page may have a curvature that creates a distortion when
captured phot ographi cally. This distortion may al so be corrected in the

distort} step 240, 350. Ot her distortions o corrected
and the eoéﬁ?{;%i{l on of particular types of di stortlogeﬁgr%g@nmp@*n t

I ntended to I|n1t the types of distortion that nmay be reduced or renoved.
20 In step 365, a thresholding process is perfornmed on the inmage created in
step 360. The threshol ding process 365 reduces the color dept h of the inage
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that the pixels corresponding to text in the received document image have a lower
intensity than the background pixels of the received document image. In this
embodiment, the sum of the intensities of all of the pixels within each of the rows
of the received document image is calculated 910. These sums are then used to

25 identify local peaks and valleys in the pixel intensity 920. These peaks and
valleys are then analyzed to determine the lines of text in the document. For
example, if the received document image has black lines of text with -a white
background, the lines of pixels that are entirely white will have the highest total
intensities and the lines containing the black text will have substantially lower pixel

30 intensity. These differences in intensity can then be calculated and the lines of
text can thereby be determined. In a preferred embodiment, the lines of text 370
is executed both horizontally and vertically across the received document image.

Another embodiment for performing lines of text 370 is to perform a similar
search for the lines of text as that performed in step 335. In one such

35 embodiment, the text of the captured document image is identified and formed
into lines. This may be accomplished by identifying the connected components in
the captured document image and finding the nearest neighbor to those



document, such as |ighting changes or background contrasts. One embodi nent
of ‘this technlque Is referred to as adaptive thresholding. In this

enmbodi ment, the previous pixel values are considered as each new pixel is
anal yzed for determ nation of the threshold value. One way-to acconplish
this is by calculating 15 the wei ghted average of each pixel as each
progressive pixel of the received inmage is analyzed. One potenti al
shortcom ng of this enbodinent is the 10 ntroduction of noise if the received
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the |i nesAoﬁeWeexmnt”bHﬂ of dineb tofi textt imayviey hnalytecﬂlbtﬂdhlsomaw l”ebult lirea less
reliable result. In one embodiment, each line of text is divided into three sections
1010: an ascending section, a middle section and a descending section. English
language characters contain certain inherent statistical characteristics that may be
25 used in certain embodiments to determine the upright orientation of the received
document image. For example, the English language alphabet has only five
characters that descend below the bottom boundary of a sentence (i.e., g, j, p, 9
and y) and has many more characters that ascend above the top boundary of a
sentence (e.g., b, d, f, h, i, kand l). In one embodiment, this characteristic of the
30 English language characters can be considered when calculating the respective
number of pixels contained in the ascending section and the descending section
1020 and comparing those pixel densities 1030, 1040. For example, a received
document image having English language characters that has more ascending
character pixels than descending character pixels is likely in the upright position
35 and does not need to be rotated, whereas if the same document has more



| ines of text 370 result in the horizontal direction. In one enbodinent, the
direction resulting with the greater nunber of lines is determned to define
the '10 received docunent inmage's orientation. For exanple, in a received
docunent image that has a height greater than its width, if the |lines of
ttext 370 in the vertical direction yields a greater nunber of |ines than
the lines of text 370 in the horizontal direction, then the received i nage
docunent is determ ned to have | andscape orientation. As another exanple,

if in the sanme received i mage 15 docunent the lines of text 370 in the

hori zontal direction yields a greater 1lunber of lines than the |ines of
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center of the lines of text, and are grouped as ascending or descending based on
the relative location to this center 1230. The total number of ascending and
descending letters are calculated. In a typical English language document, the
large characters will ascend towards the top of the page. Therefore, in one

25 embodiment, if the number of ascending large characters is greater than the
number of descending ones, then the document does not need to be rotated in
step 385 prior to outputting in step 390. If, however, the number of descending
farge characters is greater than the number of ascending larger characters, then
the document is rotated in step 385 prior to outputting in step 390.

30 The image is then rotated in step 385 according the determinations of steps
380 and 375. The new document image is then outputted 390.

As discussed above, the system imaged documents may be captured in
either a film camera or digital camera. As an alternative to these freeform
devices, a stationary camera system may be employed to capture the imaged

35 documents. Figure 11 depicté an embodiment for a stationary camera system for
capturing a document image. In this embodiment, the document 1110 is placed
on the base 1120 of the system. In a preferred embodiment, the base 1120 of the



character .recognition ("OCR').-Another enbodiment could utilize a neural net
approach. In addition, simlar.inherent characteristics can be utilized for
non- English docunments. For exanple, Spanish |anguage characters are simlar
to 10 those in English and will have simlar inherent characteristics, As
anot her exanple, Arabic | anguage characters contain a greater nunber of
descendi ng characters and enbodi nents may adjust for those characteristics
accordingly. Fig. 12 depicts another enbodi nent for perforing step 380 and
determ ning whether the received docungpnt inmage is properly oriented
upright. In one .1% e
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known, thereby reducing the need to calculate or approximate these parameters.

Another potential advantage would be to reduce the distortions created by a

camera flash. In a preferred embodiment the lighting 1150 of the stationary

system would be positioned so as to reduce glare and other distortions created by

25 camera flashes.

The approach described herein for processing a captured image is
applicable to any type of processing application and (without limitation) is
particularly well suited for computer-based applications for processing captured
images. The approach described herein may be implemented in hardware

30 circuitry, in computer software, or a combination of hardware circuitry and
computer software and is not limited to a particular hardware or software
implementation.

Fig. 13 is a block diagram that illustrates a computer system 1300 upon
which an embodiment of the invention may be implemented. Computer system

35 1300 includes a bus 1345 or other communication mechanism for communicating
information, and a processor 1335 coupled with bus 1345 for processing
information. Computer system 1300 also includes a main memory 1320, such as



i ghting may be permanently housed in the stand 1130 or may be renovabl e or
5 adjustable. The lighting may be pl aced anywhere on the base 1120 or stand
1130. In another enbodi nment, no additional lighting is included on the base
1120 or stand 1130. In still another enbodinent, the lighting is separate
fromthe base 1120 or stand 1130. The stationary systemis then coupled to
a conputer 1160 to performthe above-described processing of the received
i mage document. In 10 another enbodi nment, the conputer nay al so be built
into the apparatus. In still another enbodi nent, the captured i mage
docunent may sinply be stored either 1¥n the digital camera 1140 or in
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positions in a plane.
20 The methods described herein are related to the use of computer system
1300 for processing a captured image. According to one embodiment, the
processing of the captured image is provided by computer system 1300 in
response to processor 1335 executing one or more sequences of one or more
instructions contained in main memoty 1320. Such instructions may be read into
25 main memory 1320 from another computer-readable medium, such as storage
device 1330. Execution of the sequences of instructions contained in main
memory 1320 causes processor 1335 to perform the process steps described
herein. One or more processors in a multi-processing arrangement may also be
employed to execute the sequences of instructions contained in main memory
30  1320. In alternative embodiments, hard-wired circuitry may be used in place of or
in combination with software " instructions to implement the embodiments
described herein. Thus, embodiments described herein are not limited to any
specific combination of hardware circuitry and software.
The term “computer-readable medium" as used herein refers to any
35 medium that participates in prdviding instructions to processor 1335 for execution.
Such a medium may take many forms, including, but limited to, non-volatile
media, volatile media, and transmission media. Non-volatile media includes, for



a random access nenory (RAM or other dynam c storage device, coupled to bus
1345 for storing I nformation and instructions to be executed by processor

1335. Y 1320 al so may be used for storing L i abl es or
ot her %@P ate i nformati on during execution of ik?%é@?%ﬁé?{o be
executed by 5 processor 1335. Conputer system 1300 further includes a read

only nmenory (ROM 1325 or other static storage device coupled to bus 1345
for storing static information andqgnstructions for processor 1335. A
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signal and place the data on bus 1345. Bus 1345 carries the data to main
memory 1320, from which processor 1335 retrieves and executes the instructions.
The instructions received by main memory 1320 may optionally be stored on
storage device 1330 either before or after execution by processor 1335.

25 Computer system 1300 also includes a communication interface 1340
coupled to bus 1345. Communication interface 1340 provides a two-way data
communication coupling to a network link 1375 that is connected to a local
network 1355. For example, communication interface 1340 may be an integrated
services digital network (ISDN) card or a modem to provide a data communication

30 to a corresponding type of telephone lines. As another example, communication
interface 1340 may be a local area network (LAN) card to provide a data
communication connection to a compatible LAN. Wireless links may also be
implemented. In any such implementation, communication interface 1340 sends
and receives electrical, electromagnetic or optical signals that carry digital data

35 streams representing various types of information.

Network link 1375 typically provides data communication through one or
more networks to other data services. For example, network link 1375 may



Such a nmedium may take many forns, including, but limted to, non-volatile
medi a, volatile nedia, and transm ssion nedia. Non-vol atile nedia includes,
for VO R@PHneasei> PCT/ US2005/ 027041 14 exanpl e, opt ipcatusososnemmmet i ¢ di sks,
such as storage device 1330. Volatile nmedia includes dynam c nenory, such
as main nenory 1320. Transm ssion nedia includes coaxial cables, copper
"wire and fiber optics, including the wires that conprise bus 1345.

Transni ssi on media can al so take thd9form of acoustic or 5 Iight waves, such
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communi cati on connection to a conpatible LAN. Wreless links may al so be

i npl emented. In any such inplenentation, conmunication interface 1340 sends
and receives electrical, electromagnetic or optical signals that carry
digital data 35 streanms representing various types of information. Network
l'ink 1375 typically provides data communication through one or nore
networks to other data services. For emanple, network |ink 1375 may WO
2006/ 026005 PCTI US2005/ 027041 15 provide a connection through | ocal network
1355 to a host conputer 1350 or to data equi pnent operated by an Internet
Servi ce Peavheer (I1SP) 1365. ISP 1365 in turn provides data conmuni cation
services through the world wi de packet data conmunication network comonly
referred to as the "Internet” 1360. Local 5 network 1355 and Internet 1360
bot h use el ectyri } } i S Ly~ di gi tal
data streans. 1Tﬁgﬁ§tﬂq8§;ﬁrg§%§§gﬁe{ %@t%s %Eg&’?légtldv\%ﬂli@tjzwgagtﬁgﬁlgf%ﬁ%l S on
net wor k | Bmknag@rsdasnthenhsgitghethoteonipsaingon i nterface 1340, which carry the
digital data t f . COF . SV | ary. 4 £.0r of
carrier waves d%}%ﬂg%ggﬁnh%?ﬁgﬁfﬁpﬁrnﬁ%s?{@o%a_‘?b({’l?rsd%@%g?@gﬁgﬁ@te&ﬁe‘%ﬁg can send
nmessages aaid imeged decudard;, | ncl udi ng program code, through the network(s),
network link 13 ‘:‘{ and .8ommnidc tion ifnterfage 1340.. I n,the, |nternet
exanple, a ser TR W t OFHOIAN Fogb&@g @8“”%o°éesaf'%r°agwr %Mn?@%ti on

program t basedain thetgespiedal Iid6PnatiobPeldBEito ddgeabf sied whdded daommennd
conmuni cation int er,facgzd,1340. }n aé:c_or dagcgﬂwith the inventi one 15 such
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herei n. Therspe&fk\? s&iddRagBY db&urefcut ed by processor 1335 as it is
received, and/or stored In storage device 1330, or other non-volatile

storage for | desampigedinsloref paidt Knagedamieermeniohagedr 03 y&aid neampidedmy
obtai n applicajdptiorede in 20 the formof a carrier wave. 16 Cains: 1. A
met hod for processing a captured i mage, said captured i mage conprising an

i mged docunemietecing dgraphicet infonpaiian rig: saldt eapturey gmapéi sddted nfoortheit i on i n

sai d capt yr '-:maigﬁ | At s of said inmaged docunent; isolating
said i mgg}é&g%{éumna&f'bﬁar%%ggtgggﬁgﬁtﬁd of said captured inmage
rotating said imaged document based on the graphical information related to

the orientation of said imaged document.

2. A method for processing a captured image that comprises an imaged
document; said method comprising:

detecting graphical information in the captured image relating to the transition
between said imaged document and the remainder of said captured image;

| selecting one or more lines from said graphical information corresponding to

edges of said imaged document;

calculating corners of said imaged document based on intersections of said
one or more lines corresponding to edges of said imaged document;

isolating said imaged document from background of said captured image
based on said one or more lines corresponding to edges of said imaged document;

computing deviation between coordinates of said corners of imaged document

and coordinates of corners of a non-distorted perspective of said imaged document;



based on the graphical information related to edges of said i maged docunent;
conputing deviations of said i maged docunent froma non-distorted
perspective of said i mged docunent; resanpling pixels of said inaged
docunent based on said conputed deviations; detecting graphical information
in said captured inmage related to the orientation of said i naged docunent;
rotating said i naged docunent based on the graphical information related to
the orientation of said i maged docunent. 2. A nethod for processing a
captured i mage that conprises an inaged17docunent; sai d net hod conpri sing:
detecting graphical information in the captured inmage relating to the
transition between said imged docunent and the renmi nder of said captured
i mge; sel ect Maprtige coprdinates (of nrixels r efrsaidi inagesdpAPewnentn i aeatdingtes
correspongl : A3 . 4 C i i € of said
aged docuieReng 468 n6 oRBiied PRARCPUTRE imagid HoBLEN, FRCa%ts

cor r espongHithgomputedgiesiatién.sai d i maged document; isol ating said i maged
docurnent from background of said captured i mage based on said one or nore

| i nes corresponding to edges of said i maged docunent; conputing deviation
bet ween coor dBna esetdd Sani dravessieg = chpture] edagko chatecdm psgscamridaged es of
corners of a non-distao t%d erspective of said inmaged docunent; 17 mapping
coordinat%g9WﬂeWﬁi Eﬁ?e&P &8 ﬁﬁgged docunent to coordi nates correspondi ng
to a non-di st geteeting grappret inf@nitios # thel dupULEd AnageTrRN4tirgadate @ansigen d

conputed deviation. 3. A nethod for processing a captured inmage that

conpr i se;b%fW???rﬁ@'Qd“aa%‘?:QW?”té‘&fjdh%ﬁ’?ﬁiﬂg‘%@%ﬁﬁﬁdﬁaﬁé{re. &% i ng graphi cal
i nformation '@el‘ébﬁwdgiaﬁé oF @sbrk TRES flof 84il gfﬂaﬂrﬁ’cél hefofrh@ibhi ddrRRpoR@hyveen said
i mged docunent and the remai nder of said captured i mage; selecting one or

mor e | i ne8dgess3igiitraged gAFWRENti nf or mati on corresponding to edges of said
| maged docuneghic, GG i3 SaiRibeddckBhilnt BRERH oA IGIRRIIRAGLINON.

intersections of one” said or nore I"ines corresponding to edges of said
i maged dosaidrenmore ldsatariegperding tonedged ofieeidrimaged dostrbertkgr ound of sai d

captured | mg%olﬁﬂﬁf_?ai&”]m%ﬁ%&' REin¥ht TRAE HablFBuP dr SR bRed fnggges of

sai d i maged docune
based on said one or more lines corresponding to edges of said imaged document;

computing deviation between coordinates of said corners of imaged document
and coordinates of corners of a non-distorted perspective of said imaged document;

mapping coordinates of pixels of said imaged document to coordinates
corresponding to a non-distorted perspective of said imaged document based on
said computed deviation;

converting said non-distorted imaged document into a two-color
representation of said imaged document;

calculating pixel intensity of said two-color representation along the vertical
axis of said non-distorted imaged document;

calculating pixel intensity of said two-color representation along the
horizontal axis of said non-distorted imaged document;

identifying contrasts in pixel intensities along vertical and horizontal axes of
said non-distorted imaged document;

identifying lines of text of said imaged document based on said contrasts in

pixel intensities;



conputing deviation between coordi nates of said corners of inmaged docunent
and coordi nates of corners of a non-distorted perspective of said i maged
docunent; mapping coordi nates of pixels of said i mged docunent to

coordi nates corresponding to a non-distorted perspective of said i maged
docunent based on said conputed deviation; converting said non-distorted
i mged docunent into a two-color represeggtation of said i naged docunent;
calculating pixel intensity of said two-color representation along the
vertical axis of said non-distorted imaged document; calcul ating pixel

intensity of Séétérrﬁmgcﬁﬂrﬂbt ro?%raﬁﬁ%h-@'islt&fboairﬁé&bd G@curﬁ@rﬁt' B@ﬁdabn anes of
said non-distorted i naged docunent; identify contrasts in pixel

i ntensiti disecdion Ry S@@r‘tﬂeéeﬂf tewPf 58I Q%h@'éﬂonaﬁé@a@?d d@%tifﬂeﬁ’fdwﬂhr%ﬁ’%‘?ttt‘éd i mged
docunent ; !nﬁ’é?ﬂdn@b‘f@&d'éd @§0P£a18‘?rﬁ%gébfdo?ﬁh% k.maged document based on said

contrastsm pi xel |ne determning format of said
non-di stort ed rohaag@daddwh@atortbdsmagmdommtr@coidcm tsf sajdidgtarinimagionf t ext

of said glefaPX ﬁ’nﬁttcﬂ @dnddmgt% Fg%g@aoa@rﬁ&trespect to dinensions of said
ro

edges of sali sai'd non-di storted i maged docunent
accordi ng to said determ nation of for mat of said non-distorted inmaged

docunent . Th d,re ed in im3, furth |S|ngthe steps of:
di vi di ng sal dA1 %H %ﬁ qé%ﬁ eﬁﬁ ga%ﬁfﬁr&g&m@nﬁgﬁa&%ﬁ &N ongi tudi nal axis
of said |inesdigflingesid lirdetc? téxt Mo Bré€ pd@ibhoBIoAG tﬁ@lod?huldma affs dfexid based on

a conparison of pixel intensities of said portions of said |lines of text;
rotating IBESOTHSH- di st ort ed i mged docunent based on said determ nation of

orientation, %etM@BHé%tléﬁ%‘f'%moelnﬁ&dbﬁ@xft asBd AresSddnthaRis6RRIFWIRI | mage,
said captured inmage conprising an inm docunent, the conputer readable

nmedi um cHiensties Qf)ﬁé‘dcﬁorﬁ*ﬁm@f{?étﬁld@ﬁé@é?%f one or nore instructions which,
when execut ed ro@(‘n@p&“dq{onrﬂ?ét rt@cﬁ P& Qfo%urrféﬂ?ﬁé‘sgﬁ% é’al”c?d@ferrﬁﬂ"aﬁorp{)f)cessor S

to performthe uter-inplenmente steps 0 etecting graphica
i nf or mat i orientatiazrai d captured i nage related to edges of said inaged
docunent ;

5. A computer readable medium for processing a captured image, said
captured image comprising an imaged document, the computer readable medium
carrying one or more sequences of one or more instructions which, when executed
by one or more processors, cause the one or more processors to perform the
computer-implemented steps of:

detecting graphical information in said captured image related to edges of
said imaged document;

isolating said imaged document from background of said captured image
based on the graphical information related to edges of said imaged document;

computing deviations of said imaged document from a non-distorted
perspective of said imaged document;

resampling pixels of said imaged document based on said computed
deviations;

detecting graphical information in said captured image related to the
orientation of said imaged document;

rotating said imaged document based on the graphical information related to

the orientation of said imaged document.



i sol ating said i mnaged docunent from background of said captured i mage based
on the graphical information related to edges of said i maged docunent;
conmputing deviations of said i mmged docunent froma non-distorted
perspective of said i maged docunent; resanpling pixels of said inaged
docunent based on said conputed deviations; detecting graphical information
in said captured inmage related to the 19rientation of said i maged docunent;
rotating said i raged docunment based on the graphical information related to
the orientation of said inmged document. 19 6. An apparatus for processing
a captured i WH@leAnsépﬁhrét@Etm%froté&ﬂ@ aofapturRtNEnaYe, | Sk @Aptpsdn®age sai d
appar atus conpri si ng one or nore processors; and a nemory comnunicatively
coupl ed t SPTRE!IhaN wagﬁsir%ocam?@éssg appaa{es C%HB*F'S}gl ncl udi ng one or nore
sequences of of&s &rmg@&ob&bw%uons whi ch, when executed by the one or
nore processors, cause the one or nore processors to performthe steps of:
detecting grapamt,eamorvﬁpmmmqa(tmelmograedjtq:t@pmﬁém nmefadgpeogespansetiet o edges of
said i mag GUrE r of said
captured ﬁ]rran% Eas ng br?lé)bﬁHongsgﬁlf F i ?ﬂ?gr)gtl onq'ﬁset{l%?edéjﬁghgdgg%qof sai d
i maged doexavetad by coermumei mgnwewmmaeea@rsobam the oagext doreuprcesdaroito a

non- di Stoé‘?ﬁ ﬁ ﬁe[DeCt' ve of said i mged docunent; resanpling pixels of
said i mag YBLURE sed on said conputed devi at | ons; detecting graphical
i nformation i riettidy gagihica dnformation i@l sdi¢daptarddnagy redatedtto atiges ofai d

i maged docugent' C{Egot at i r;g sai d i maged docunent based on the graphical

i nf or mat i 5HY MBRIRELPIHeYhe ori entation of said i maged docunent.

isolating said imaged document from background of said captured image
based on the graphical information related to edges of said imaged document;

computing deviations of said imaged document from a non-distorted
perspective of said imaged document;

resampling pixels of said imaged document based on said computed
deviations;

detecting graphical information in said captured image related to the
orientation of said imaged document;

rotating said imaged document based on the graphical information related to

the orientation of said imaged document.





