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CORRECTING PAGE CURL IN SCANNED BOOKS
FIELD OF THE INVENTION

The present invention relates to book digitization. More specifically the present invention
relates to correcting digital scan data of a curled page, such as in the vicinity of the book

spine, or other distortion of the page.
BACKGROUND OF THE INVENTION

There is a large amount of information contained in printed material. Printed material may
include books, as well as newspapers, journals, magazines, pamphlets, and other periodical
literature. However, access to such material, as well as storage space for such material, may
often be limited. For example, due to the rarity as well as, often, the fragility of some
material, such as some older books and publications, an institution that holds the material,
such as a library, museum, or private owner, may be reluctant to lend the book to mndividuals
or other institutions, Thus, a researcher or other interested individual who wishes to access
such material may have to travel to the location of the material. Even so, access may be
limited to a hmited period of time or to viewing under special conditions. In addition, some
publications, such as newspapers and popular magazines may deteriorate quickly. In

addition, storage space at an institution may be limited.

Therefore, there has been much interest in digitizing the contents of rare books, as well as
other printed material. A digitized version of the material may then be made available to a
much larger segment of the population than had access to the original book. In addition,
there is much interest in making available to the public in digital form a wide variety of
books and publications that are out of print. (Hereinafter, printed material to be digitized will

be referred to as a "book," regardless of its actual form. )

In digitization, cach page or pair of pages of the book is scanned to acquire as series of

digitized images of the pages. The digitized images may then be saved in a digital format.
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The digitized images of the book may be made available to the public either in the form of a

digital file, or as reprinted in the form of a facsimile edition of the book,

The acquired digitized images may be further processed to extract the textual contents of the
book. For example, optical character recognition {(OCR) technology may be applied to the
scanned pages in order to create a text file of the textual contents of the book. The contents

of the book may thus be made available to the public in the form of a text file.

A frequent obstacle to cost-effective digitization of an old book 1s the distortion of page
images due to bending or curling of the pages. Depending on how a book is bound, the book

may not open flat. In such a case, the ends of the pages near the binding may curled or bent.

When scanned with a scanner designed primarily for scanning flat obiects, a digitized image
of a curled end of the page may appear distorted. Text on the curled portion of the page may
be tilted with respect to the line of sight of the scanner. The symbols or letters of the text
may be distorted such that they may be difficult to read. In addition, the distortion of the

letters may render the letters unrecognizable by standard OCR technology.

Often, various considerations preclude disassembling the binding of the book, or applymg
pressure to the book, in order to cause the pages to lic flat. Using special cameras or
scanning techniques in order to scan around the curvature of the page may significantly
increase the time and expense required to digitize the book. Such an increase in time and
expense may seriously impede progress in digitizing whole libraries and collections of rare

books.
SUMMARY OF THE INVENTION

According to embodiments of the present invention there is provided a computer
implemented method for correcting distortion in an image of a page with content. The
method includes: identifying a set of high quality words including at least one high quality
word in an undistorted region of one or more images of one or more pages having content

related to the content of the page; identifying at least one distorted word in the image the
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page, cach distorted word of said at least one distorted word corresponding to a high quality
word from the set of high quality words; generating a global transformation function for
application to the image of the page so as to substantially transform a distorted word of said
at least one distorted word to its corresponding high quality word; and applying the global

transformation function to pixcls of the image of the page.

There is further provided, in accordance with embodiments of the present invention, a
computer program product stored on a non-transitory tangible computer readable storage
medium for correcting distortion in an image of a page with a content. The computer
program includes code for: identifying a set of high quality words including af least one high
quality word in an undistorted region of one or more images of one or more pages having
content related to the content of the page; identifying at least one distorted word in the image
the page, each distorted word of said at least one distorted word corresponding to a high
quality word from the set of high quality words; generating a global transformation function
for application to the image of the page so as to substantially transform a distorted word of
said at least one distorted word to its corresponding high quality word; and applying the

global transformation function fo pixels of the image of the page.

There 18 further provided, in accordance with embodiments of the present invention, a data
processing system including: a processor; a computer usable medium connected to
processor, wherein the computer usable medium contains a set of instructions for correcting
distortion in an image of a page with a content. The processor is designed to carry out a sct
of instructions to: identify a set of high quality words including at least one high quality
word in an undistorted regton of one or more images of one or more pages having content
related to the content of the page; identify at least one distorted word in the image the page,
each distorted word of sa:d at least one distorted word corresponding to a high quality word
from the set of high quality words; generate a global transformation function for application
to the image of the page so as to substantially transform a distorted word of said at least one
distorted word to its corresponding high quality word; and apply the global transformation

function to pixcls of the image of the page.
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Viewed from a first aspect, the present invention provides a method for correcting distortion
in an image of a page, the method comprising: identifying a set of undistorted words
comprising at least one undistorted word in an undistorted region of one or more images of
one or more pages having content related to the content of the page; identifying at least one
distorted word in the image of the page, each distorted word of said at least one distorted
word corresponding to an undistorted word from the set of undistorted words; generating a
global transformation function for application to the image of the page so as to substantially
transform a distorted word of said at least one distorted word to its corresponding
undistorted word; and applying the global transformation function to pixels of the image of

the page.

Preferably, the present invention provides a method wherein said at least one distorted word
comprises at least two distorted words, and wherein generating a global transformation
function for application to the image of the page comprises: generating at least two local
transformation functions, each local transformation function of said at least two local
transformation functions applicable to a corresponding distorted word of said at least two
distorted words so as to substantially transform the corresponding distorted word to its
corresponding a undistorted word; and fitting a global function to said at least two local

fransformation functions.

Preferably, the present invention provides a method wherein said at least two local

transformation functions comprise polynomial functions.

Preferably, the present invention provides a method wherein the global transformation

function comprises a polynomial function.

Preferably, the present invention provides a method wherein generating the global

transformation function comprises application of an optical flow technique.

Preferably, the present invention provides a method comprising segmenting the image of the

page or said one or more images of one or more pages into words.
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Preferably, the present invention provides a method comprising applying a binarization

technique to the image of the page or to said one or more images of one or more pages.

Viewed from another aspect, the present invention provides a data processing system for
correcting distortion in an image of a page, the system comprising: means for identifying a
set of undistorted words comprising at least one undistorted word in an undistorted region of
one or more images of one or more pages having content related to the content of the page;
means for identifying at least one distorted word in the image of the page, each distorted
word of said at least one distorted word corresponding to an undistorted word from the set of
undistorted words; means for generating a global transformation function for application to
the image of the page so as to substantially transform a distorted word of said at lcast one
distorted word to its corresponding undistorted word; and means for applying the global

transformation function to pixels of the image of the page.

Preferably, the present invention provides a data processing system whercin said at least one
distorted word comprises at least two distorted words, and wherein the instructions to
genecrate a global transformation function for application to the image of the page comprises:
means for generating at least two local transformation functions, each local transformation
function of said at least two local transformation functions applicable to a comresponding
distorted word of said at least two distorted words so as to substantially transform the
corresponding distorted word to its corresponding undistorted word; and means for fitting a

global function to said at least two local transformation functions,

Preferably, the present invention provides a data processing system wherein said at least two

local transformation functions comprise polynomial functions,

Preferably, the present invention provides a data processing system wherein the global

transformation function comprises a polynomial function.

Preferably, the present invention provides a data processing system wherein the instructions
for generating the global transformation function comprise instructions to apply an optical

flow technique.
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Preferably, the present invention provides a data processing system comprising instructions
to segment the image of the page or said one or more images of one or more pages into

words.

Preferably, the present invention provides a data processing systemn comprising instructions
to apply a binarization technique to the image of the page or to said one or more images of

ONE Of MOIe Pages.
Viewed from another aspect the present invention provides a computer program comprising
computer program code to, when loaded into a computer system and executed, perform all

the steps of the method as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will now be described by way of example

only, with reference to the accompanying drawings in which:

Fig. 1 shows a schematic cross-sectional image of a system for correction of distorted
images of a page of a book, in accordance with preferred embodiments of the present
mvention.;

Fig. 2 shows an example of an image of a page scanned with the system shown in Fig. 1,

Fig. 3 is a flow chart for a method of correcting distorted page images in accordance with

preferred embodiments of the present invention; and
Fig. 4 is a schematic diagram of a distortion matrix.
DETAILED DESCRIPTION OF THE INVENTION

As will be appreciated by one skilled in the art, aspects of the present invention may be

embodied as a system, method or computer program product., Accordingly, aspects of the
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present invention may take the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident software, micro-code, etc.) or an
embodiment combining software and hardware aspects that may all generally be referred to

kBN 13

herein as a “circuit,” “module” or “system.” Furthermore, aspects of the present invention
may take the form of a computer program product embodied in one or more computer

readable medium(s) having computer readable program code embodied thereon.

Any combination of one or more computer readable medium(s) may be utihized. The
computer readable medium may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage medivm may be, for example, but
not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of the foregoing. More specific
examples (a non-exhaustive list) of the computer readable storage medium would include the
following: an electrical connection having one or more wires, a portable computer diskette, a
hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, a portable

compact disc read-only memory (CD-ROM), an optical storage device, a magnetic storage

device, or any suitable combination of the foregoing. In the context of this document, a

computer readable storage medium may be any non-transitory, tangible medium that can
contain, or store a program for use by or in connection with an instruction exccution system,

apparatus, or device.

A computer readable signal medium may include a propagated data signal with computer
readable program code embodied therein, for example, in baseband or as part of a carmer
wave. Such a propagated signal may take any of a variety of forms, including, but not
limited to, electro-magnetic, optical, or any suitable combination thereof. A computer
readable signal medium may be any computer readable medium that is not a computer
readable storage medium and that can communicate, propagate, or transport a program for

use by or in connection with an mstruction execution system, apparatus, or device.
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Program code embodied on a computer readable medium may be transmitted using any
appropriate medium, including but not limited to wireless, wireline, optical fiber cable, RF,

etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for aspects of the present invention may
be written in any combination of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk, C++ or the like and conventional
procedural programming languages, such as the "C" programming language or simlar
programming languages. The program code may execute entirely on the user's computer,
partly on the user's computer, as a stand-alone software package, partly on the user's
computer and partly on a remote computer or entirely on the remote computer or server. In
the latter scenario, the remote computer may be connected to the user's computer through
any type of network, including a local area network (LAN) or a wide area network (WAN),
or the connection may be made to an external computer (for example, through the Internet

using an Internet Service Provider).

Aspects of the present invention are described below with reference to flowchart illustrations
and/or block diagrams of methods, apparatus (systems) and computer program products
according to embodiments of the invention. It will be understood that each block of the
flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by computer program instructions.
These computer program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for impiementing

the functions/acts specified in the flowchart and/or block diagram block or blocks.

These computer program instructions may also be stored in a computer readable medium
that can direct a computer, other programmable data processing apparatus, or other devices
to function in & particular manner, such that the instructions stored in the computer readable
medium produce an article of manufacture including instructions which implement the

function/act specified in the flowchart and/or block diagram block or blocks.
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The computer program instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other devices to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other devices to
produce a computer implemented process such that the instructions which execute on the
computer or other programmable apparatus provide processes for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

Flowchart/s and block diagram/s in the figures illustrate the architecture, functionality, and
operation of possible implementations of systems, methods and computer program products
according to various embodiments of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, segment, or portion of code, which
comprises one or more executable instructions for implementing the specified logical
function(s). It should also be noted that, in some alternative implementations, the functions
noted m the block may occur out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems that perform the specified

functions or acts, or combinations of special purpose hardware and computer instructions.

In accordance with embodiments of the present invention, it 18 proposed to correct distortion
of an image of a page of a book on the basis of undistorted images of other parts of the same
book. Typically, distortion of a page may result from a flatbed or similar planar scanner
scanning a curled part of the page. A correction application m accordance with embodiments
of the present invention may enable obtaining a cotrected, flattened, image of a curled page

using standard, off the shelf, scanning equipment.

The correction application includes taking advantage of undistorted scanned images of all or
part of the remainder of the book to determine the likely content of at least a portion of the
distorted image. For example, the correction application may search scanned pages of the

book for typical content that typifies the contents of the book being scanned. For example,
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the typical content may include words, sequences of words, clusters of words, or symbols
that appear repeatedly at various points in the text. The correction application may then
identify an item of the image content that appears to be a distortion of one or more items of
the typical content. For example, the correction application may identify a section of text as

being a distorted version of a word of the typical content.

The correction application may, on the basis of the assumption that the identified item of the
image content is a distorted version of an 1tem of the typical content, construct a local
transformation. The local transformation may describe the distortion of the item of typical

content to form the identified item of the image content,

After determining one or more local transformations on the page, the correction application
may then construct a global transformation function that describes the transformation of the
entire page. For example, the global transformation function may describe a transformation
of an image of a bent page to an image of a flat page with equivalent content. Thus, the
global transformation function may convert distorted content of the image to the assumed
true content of the page. For example, the correction application may calculate the best fit of
an image of a distorted page td a particular mathematical model. For example, the correction
application may apply a least squares fit algorithm to fit the distorted content to a polynomial
function. Alternatively, the correction application may fit the distorted content to a model

based on a physical model of an open book.

After determining transformation function, the correction application may apply the
transformation function to the image of the page. Application of the transformation function

to the image of the page may result in an undistorted image of the page.

Fig, 1 shows a schematic cross-sectional image of a system for correction of distorted
images of a page of a book, in accordance with embodiments of the present invention.
System 10 includes scanner 16 and processor 20. Scanner 16 may include a platen 22. For
example, book 12 may be opened so as to press exposed page 14 against platen 22. Book 12
includes binding 24 for binding the pages of book 12 together. Binding 24 may constrain the
shapes of pages of book 12 when book 12 is open. For exaraple, binding 24 may hold
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exposed page 14 in book 12 in such a manner that when book 12 is open, proxirmal section
14b of page 14, proximal to binding 24, is curved. Therefore, at [east part of proximal
section 14b may lie at a distance from, and at an oblique angle to, platen 22. Typically
another distal section 14a of page 14, distal to binding 24, may lie substantially flat against
platen 22.

During scanning, scanner 10 typically moves scanner head 18 along platen 22 50 as to scan
various parts of exposed page 14. Typically, scanner head 18 is elongated in a direction
perpendicular to its direction of motion, represented by the arrows in the Fig. 1, and
perpendicular to the plane of the Figure. For example, when at scanner head position 18a,
scanner head 18 may image a substantially flat distal section 14a of exposed page 14.
Similarly, when at scanner head position 18b, scanner 18 may image a distorted proximal

section 14b of exposed page 14.

Processor 20 may include programming for controlling the operation of scanner 16. For
example, processor 20 may control movement of scanner head 18 as well as acquisition of
scan data by scanner head 18. Processor 20 may include programming for receiving scan
data from scanner 18, as well as for analyzing, processing, and outputting the scan results.
For example, processor 20 may represent a processor built into scanner 16, a computer
communicating with scanmer 16, or a combination of various processors communicating

with one another and with scanner 16.

Fig. 2 shows an example of an 1mage of a page scanned with the system shown in Fig. 1.
Page image 26 includes an undistorted image region 26a, corresponding to an image of distal
section 14a of exposed page 14 (Fig. 1). Similarly, page image 26 includes a distorted image

region 26b, corresponding to an image of proximal section 14b of exposed page 14 (Fig. 1).

A correction application running on processor 20 (Fig. 1) may apply techniques known in
the art to identify individual image content components, such as individual words, symbols,
or clusters of symbols, within the image. Hereinafter, an individual image content
component will be referred to as a word, regardless of the content of the component. Such

techniques are known and applied, for example, in OCR technology. For example, a
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technique may identify individual words by identifying the spaces separating the words from
one another. For example, a correction application may identify undistorted words 28a and
29a in undistorted image region 26a. Similarly, the correction application may identify

distorted words 28b and 29b in distorted image region 26b.

Fig. 3 is a flow chart for a method of correcting distorted page images in accordance with
embodiments of the present invention, A correction application in accordance with
embodiments of the present invention uses as input an appropriate set of page scan images
(step 30). The input set of page scan images typically includes images of a set of scanned
pages with related or approximately uniform content. For example, the inpuf set may include
all of the pages of a book. In other cases, the input set may include a subset of the page
images of the book. For example, different sections of a scanned book may be written in
different languages, may be printed in different fonts, or may have very different styles (e.g.
a mathematical section consisting largely of equations and another section primarily
including narration). In such a case, the correction application input may be limited to one or
more scctions with approximately uniform content. For exampie, a user of the application
may indicate the images to be used as input. Alternatively, a correction application may

inctude criteria for identifying such sections containing approximately uniform content.

The correction application may then generate a list of words present in the input set (step
32). For example, the correction may include applying known word segmentation technigues
of OCR to segment each image into separate words {e.g. by identifying spaces the spaces
that separate the words from one another). For example, the correction application operating

on page image 26 (Fig. 2) may identify words 28a, 28b, 29a, and 29b (among others).

The correction application may analyze the generated list of words so as to correct the page
distortion. Typically, the correction application may assume that the words are bi-tonal (c.g.
uniformly dark text on a light background). Fading or discoloration of the print, darkening or
discoloration of the page, or other effects, may hinder defining the edges of the words. In
order to eliminate any grayscale or other shading in the scanned image, the correction
algorithm may apply a standard binarization technique to the words. A typical binarization

technique may apply one or more fixed or adaptable thresholds to an image in order to
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assign to each pixel of the image one of two values (e.g. a value indicating black or a value
indicating white). In addition, the correction application may apply a low pass spatial filter
(e.g. a Gaussian 3x3 filter) to eliminate high spatial frequency components, further defining

the edges of words or characters.

Analysis may include identifying a set of high quality (HQ) words (step 34) within the list of
words. HQ words are words identifiable as being substantially undistorted. For example,
application of standard OCR techniques to a word may yield an OCR interpretation of the
word with a high degree of confidence. The correction application may then determine that
the interpreted word is an HQ word. Such a technmique may be limited to a word in a known
language or printed with a known font. Alternatively, the correction application may apply
standard baseline determination techniques to the word in order to determine the general
shape of the word. The correction application may determine that a word with a substantially
straight baseline is an HQ word. For example, the correction application operating on page
image 26 (Fig. 2) may identify HQ words 28a and 29a (among others). On the other hand,

the correction application may 1dentify words 28b and 250 as non-HQ words.

Analysis may also inciude creation of synthetic words (step 36). For example, the language
or font of letters making up the words may be known, or may be extractable from the list of
words. The comrection application may then create words using the letters of the font. For
example, the correction application may use synthetic words for later comparison with

distorted words (described below).

The correction application may then match similar words and arrange them into groups of
equivalent words (step 38). For example, the correction application may apply known shape
analysis or OCR techniques to HQ words in a straightforward manner in order to identify
similar words. For words that are slightly misaligned due to translation or rotation of the
word as a whole, the correction application may first apply one or more known registration
techniques. Such techniques may include, for example, minimizing one or more distance

measurements, or maximizing a correlation between the words.
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The correction application may apply additional analysis for matching distorted or other
non-HQ words with HQ or synthetic words. For example, the correction application may
attempt to compare a distorted word with an HQ word. For example, the correction
application may compare overall dimensions or other gross features of the distorted word
with those of the HQ words in the list of words. As a result of the comparison, the correction
application may identify candidate words of which the distorted word may be a distorted

VErsion.

After identifying a list of candidate words, the correction application may apply various
techniques to attempt to match the distorted word to one or more of the candidate words. For
example, the correction application may apply a known registration technique as described
above in order to maximize alignment of the distorted word with the candidate HQ word. In
addition, the correction application may apply one or more (non-rigid) elastic registration
techniques, as are known in the art. An elastic registration technique may attempt to modify

the shape of the distorted word so as to match the shape of the candidate HQ word.

For example, the correction application may apply an optical flow technique such as a
motion estimation technique. In applying a motion estimation technique, the correction
application generates a distortion matrix. The distortion matrix describes a deformation that
when applied to the HQ word, warps the image so as to obtain the distorted word (or vice
versa). A distortion matrix includes a displacement vector assigned to each pixel of the HQ
word. Each displacement vector describes a motion (distance and direction) to be applied to

each pixel of the HQ word in order to warp the image so as to form the distorted word.

Typically, the correction application generates a distortion matrix by applying a variation
technique such that the generated distortion matrix describes a best correspondence.
Typically, the correction application selects a distortion matrix such that a criterion quantity
describing the degree of correspondence between pixels of the HQ word and the distorted
word is maximized or minimized. Failure to obtain a value of the criterion quantity within a
predefined range of values may indicate lack of correspondence between the HQ word and
the distorted word. Fig. 4 is a schematic diagram of a distortion matrix. Each arrow 52 of

distortion matrix 50 represents a displacement vector assigned to a pixel.
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Alternatively, the correction application may approximate a distortion matrix by a distortion
function. For example, the correction application may fit a polynomial or other suitable
transformation function to the HQ word so as to distort the HQ word to an image similar to
the distorted word. Typically, the fit may include two polynomial funétions, gach describing
the distortion in one of two orthogonal directions (e.g. x and y directions). For example, the

correction application may {it a polynormal function to a distortion matrix.

The correction application, may apply a correction based on the distortion matrix or
distortion function (such as the inverse of the distortion matrix or distortion function) to the

distorted word in order to obtain a corrected image.

Thus, the correction application may calculate a word-based correction transformation for
transforming a distorted word to an undistorted word (step 40). Thus, the correction
application may generate a set of distorted words on each page of the scanned book that
correspond to known words of the list of words. Each distorted word may have an associated
distortion matrix or distortion function. For example, the correction application operating on
page image 26 (Fig. 2) may identify distorted word 28b as a distortion of undistorted word
28b, and distorted word 290 as a distortion of undistorted word 29a.

Based on the correction fransformation, the correction application may calculate a local
transformation for the section of the page in which the distorted word is found (step 42). For
example, the correction may generate a local polynomial function describing the local
distortion at the distorted word. Typically, the function may inchude two polynomial
functions, each describing the distortion in one of two orthogonal directions (e.g. x and y

directions).

The correction application may use the set of local transformation functions associated with
a single page to generate a function describing the global distortion of the page (step 44). For
example, the correction application may generate a polynomial function that describes the
global distortion of the entire page or of a section of the page containing the distortion. The

correction application may fit a single polynofniai function (in each of the two orthogonal
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directions) to a set of local polynomial functions. For example, the correction application

may apply least squares techniques to generate the best fit.

Alternatively, a correction application in accordance with embodiments of the present
invention may employ an alternative technique for generating a global distortion function to
describe the global distortion of page. For example, a physical model may exist for the shape
of the surface of a page of an open book. For example, a general model may exist for a book
having parameters with values within a predetermined range. Such parameters may include,
for example, overall dimensions of the book, number of pages, page to which book is open,
type of binding, paper thickness, and age of the book. The general model may include one or
more parameters whose values may be determmable by fitting transformation functions of

distorted words on the page to undistorted words,

The correction application may then derive a global correction function for a page from its
associated global distortion function and apply the global correction function to the page
(step 46). For example, the global correction function may be in inverse function of the
global distortion function. Application of the global correction function may resuliin a
corrected page image. A global correction function may reduce or eliminate the distortion of
all distorted words on the page, whether or not associated with a local distortion function.
Further processing of the corrected page image may include, for example, saving an image

of the corrected page or applying an OCR to the content of the page.

Repeated application of the process may increase accuracy. For example, after application of
a global distortion correction, application of OCR to the corrected pages may assist in
identifying additional words that were missed previously. Adding the additionally identified
words to the list of words and repeating the process with the expanded list of words may

result in a more accurate distoriion correction.



10

15

20

25

30

35

17

CLAIMS

1. A method for correcting distortion in an image of a page, the method comprising:

identifying a set of undistorted words comprising at least one undistorted word in an undistorted region of
one or more images of one or more pages having content related to the content of the page wherein
identifying at least one undistorted word comprises applying an optical character recognition aigorithm for
identifying at least one undistorted word having a high confidence value and for each of the at least one
undistorted words identified as having a high confidence value generating the set of undistorted words;
identifying at least one distorted word in the image of the page, each distorted word corresponding to an
undistorted word from the set of undistoried words, wherein identifying at least one distorted word
comprises applying a correction function for comparing the at ieast one distorted word to an undistorted
word in the set of undistorted words and in response {0 the step of comparing generating a list of
candidate words of which the at least one distorted word may be a distortion of;

generating a giobal transformation function for appiication to the image of the page so as to transform the
at least one distorted word to its corresponding undistorted word by matching the distorted word 4o each
of the undistorted words in the determined list of candidate words to identify the undistorted word; and
applying the global fransformation function to pixels of the image of the page, wherein generating a global
transformation function for application to the image of the page comprises:

generating a local fransformation function, the local fransformation function comprising at least two iocal
transformation functions applicable fo a corresponding distorted word of said at Jeast two distorted words

s0 as 1o transform the corresponding disteried word to its corresponding a undistoried word; and

- fitting a global function to said at least two local transformation functions.

2. A method as claimed in claim 2, wherein said at least two local transformation functions comprise

polynomial functions.

3. A method as claimed i claim 1, wherein the global transformation function comprises a
polynomial function.

4. A method as claimed in claim 1, wherein generating the global transformation function comprises

application of an optical flow {echnique.

5. A method as claimed in claim 1, comprising segmenting the image of the page or said one or

more images of one or more pages into words.

6. A method as claimed in claim 1, comprising applying a binarization technique fo the image of the

page or to sald one or more images of one or more pages.
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7. A data processing system for correcting distortion in an image of a page, the system comprising:
means for identifying a set of undistorted words comprising at least one undistorted word in an
undistorted region of one or more images of one or more pages having content related to the content of
the page wherein identifying at least one undistorted word comprises applying an optical character
recognition algorithm for identifying at ieast one undistorted word having a high confidence vaiue and for
each of the at least one undistorted words identified as having a high confidence value generating the set
of undistoried words;

means for ideniifying at least one distorted word in the image of the page, each distorted word
corresponding fo an undistorted word from the set of undistorted words, wherein identifying at least one
distoried word comprises applying a correction function for comparing the at least one distorted word to
an undistorted word in the set of undistorted words and in response to the step of comparing generating a
list of candidate words of which the at least one disiorted word may be a distortion of;

means for generating a global fransformation function for application to the image of the page so as to
transform the at least one distorted word to its corresponding undistorted word by matching the distorted
word to each of the undistorted words in the determined list of candidate words to identify the undistoried
word; and

means for applying the giobal transformation function to pixels of the image of the page, wherein the
means fo generate a global transformation function for application to the image of the page comprises:
means for generating at least two local transformation functions, each local transformation function of
said at least two local transformation functions applicable to a corresponding distorted word of said at
ieast two distorted words for transforming the corresponding distorted word to its corresponding
undistorted word; and

means for fitting a global function to said af least two local transformation functions.

8. A data processing sysiem as claimed in claim 7, wherein said at least two locat transformation

functions comprise polynomial functions.

9. A data processing system as claimed in claim 8, wherein the giobal transformation function

comprises a polynomial function,

10. A data processing system as claimed in claim 8, wherein the means for generating the global

transformation function comprise instructions to apply an optical flow technigue.

11, A data processing system as claimed in ciaim 8, comprising means to segment the image of the

page or said one or more images of one or more pages into words.
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12. A data processing system as claimed in claim 8, comprising means to apply a binarization
technigue to the image of the page or to said one or more images of one or more pages.

13. A computer program comprising computer program code to, when icaded into a computer system

and executed, perform all the steps of the method according to any one of claims 1 to 7.



