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Digital imaging is a new way for storing images electronically. It has numerous advantages like
saves storage space, handles records easily, find documents rapidly and prevents lost records.
Dewarping of camera document images has attracted a lot of interest over the last few years since
warping not only reduces the document readability but also affects the accuracy of an OCR
application. Here, a two-step approach for efficient dewarping of camera document images is
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INTRODUCTION

Digital imaging is a new way for storing images electronically.
It has numerous benefits like saves storage space, handles
records easily, find documents rapidly and prevents lost
records. The availability of high performance, low quality
equipments have made prolific changes in digital imaging
analysis. Document image processing has been extensively
studied about past 40 years. In conventional times, document
imaging has been done with huge flat bed scanning devices.
The images from flat bed scanners give good start up but when
they are working on digital cameras they will be giving low
clarity images, which cannot be readable by OCR systems.
Recently, Portable devices like digital camcorders, digital
cameras, PC cams, PDAs, and even cell phone cameras are
most commonly used for image capture. They are small, light,
portable, easily integrated with various networks, and moreover
they are more flexible for many document capturing tasks in
less constrained environments. These factors are heading to a
natural extension of the document processing community
where cameras are used for document image analysis.

Document imaging covers different areas including pre-
processing, graphics analysis, writer identification, digital
libraries, office automation, and forensics etc. Digital cameras,
camcorders, PDAs and phone cameras can supplement the
scanners and makes document image processing more flexible.
These technical developments leads to advanced researches in
the field of document image processing which aims in the
video files and also abstraction of images in the text files. The
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scanner based OCR applications are now being converted into
new platforms which are using more flexible image capturing
devices.

Document image analysis can be categorized into a number of
types: by the techniques used, by the devices equipped, by the
intended application. Extraction of document images can be of
various types. Document image contains text files with scenes,
video frames with captions, etc. The feature difference of the
image causes many of the challenges in the extraction of the
document. Camera captured images suffer problems like
perspective distortion which causes warping along the spline of
the book, geometric distortion, low resolution, uneven lighting,
complex backgrounds. These types of distorted images cannot
be readable by the current OCR systems. Non-linear warping is
a major distortion that makes document imaging analysis
disgusting. The strongly distorted text in the document image
makes the processing more complicated.

Many different approaches have addressed these problems and
can be classi ed into two main categories based on three-
dimensional (3D) document shape reconstruction and two
dimensional (2D) document processing. Three-dimensional
(3D) reconstruction requires specialised hardware like stereo
cameras, laser scanners etc. So, it limits the flexibility of
camera captured devices. (2D) document image processing
uses single camera in an uncontrolled environment.
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Related Works

This chapter represents a brief review of several studies and
researches related to dewarping of document images. Several
papers were studied based on this thesis and among them few
papers relevant to this work are reviewed here.

Masalovitch and Mestetskiy [10] proposed a new method for
approximation of whole image deformation as combination of
single interlinear space deformations. Long continuous
branches are used for defining interlinear spaces of the
document. They are approximated by cubic Bezier curves so as
to estimate the deformation of each interlinear space. After that
a whole approximation of document image is built. Here, the
initial image should be black and white with black text lines
and white background and the initial image should contain one
big text block. First the image is binarized and after that
discrete binary image is represented as a set of continuous
polygonal figures with lowest perimeter. Skeleton of polygonal
figure can be represented as a planar graph, where nodes are
points on a plane and bones are straight lines that connect the
nodes. The main idea of the algorithm is that the image is
represented as continuous skeleton system, and then filtering of
the skeleton is built such that the unwanted bones are removed.
After that extracting long near horizontal branches and then
each branch is approximated by cubic Bezier curves and Bezier
patches are built based on the obtained curves. One of the steps
of this algorithm is the pre-processing step, on which all small
garbage branches and branches that can be obviously
determined as non-interlinear from the skeleton are deleted.
This method has a demerit that it will not give a satisfactory
result in the case of vertical borders of image which isn’t so
accurate.

Zhang and Tan [6] divide the document image into shaded and
non shaded region. Initially, the shaded region is identified and
image is binarized using Niblack’s method. They find the text
line curves by the connected component analysis and move the
components to restore straight horizontal baselines. Images
must be always greyscale and have a shaded region. This
restoration method uses connected component analysis and
regression methods to dewarp the image. A top down scanning
method is used to rectify the distortions in clean area and after
that alignments are corrected using linear regression method. A
bottom down approach is applied to shaded portion and
polynomial regression method is used to rectify the distortions.
After that, warped text alignments and linear text alignments in
both areas are then paired up. The warped text lines are
restored by correcting the quadratic curves accordingly based
on the corresponding straight text lines. This approach can be
applied only for gray scale images.

In Lu and Tan’s proposed method for the restoration of camera
documents [5], the image is divided into three subsections.
They are document partition, the target rectangle construction
and document restoration. The document partition step includes
two subdivisions. First one is that the distorted document image
is divided into X line and base line. Second step converts the
identified text line into smaller patches. After that, a target
rectangle correspondence is built for each image such that the
distorted image is mapped to this rectangle. The target
rectangle is constructed based on the number and the aspect
ratios of enclosed characters. The character aspect ratios are

determined based on character span, character ascender,
descender, and character intersection numbers. For each
partitioned image patch, a target rectangle correspondence must
be constructed within the target image to rectify that partitioned
image patch. This method classifies characters to six categories
with six different aspect ratios. Characters are classified based
on the features including character span, character ascender,
descender, and character intersection number. Finally in the
image restoration step, rectification homography is applied to
dewarp the image. This approach cannot be used when the
distortion angle is big.

Zhang and Tian [20] proposed a method for warped document
restoration in digital libraries. This method particularly
focussed on boundaries to reduce the warping effect and uses
Gordon surface model for the text lines of 2d image. Natural
cubic splines are used for representing text lines. The image
clarity will be less using this method. Here, a document-
boundary independent approach to correct arbitrarily warped
document images taken using ordinary digital cameras is
explained. It is based on the Gordon surface model constructed
from a set of text lines extracted from the 2D image. The text
lines are represented using Natural Cubic Splines interpolating
a set of points extracted from connected component analysis.
Most of the images do not have explicit boundary curves for
boundary interpolation. However, a ruled surface model based
on the text lines is constructed here. This Gordon surface
model can be projected to a planar surface without distortion.
This 3D Gordon surface model can be applied to the 2D
projection image since straight lines are preserved under
projection. The iso-parametric lines passing through must also
pass through the corresponding 2D projection points.
Therefore, the projection of this Gordon surface model can also
be parameterized using the projected text lines in the 2D image.
This method cannot be used for more distorted image.

Koo, Kim and Cho [7] proposed an algorithm to compose a
geometrically dewarped and visually enhanced image from two
document images taken by a digital camera at different angles.
From the corresponding points in these images, the surface of a
book is reconstructed, and then stitches two rectified images for
a visually better composite. Initially, a cost function is defined
for the correction of geometric distortion, which is related with
the geometric transformation of 3-D points. After that image
stitching method is used to combine better patches from two
images. Graph-Cut Optimization is used as the stitching
method. Due to the misalignment of two rectified images and
the asymmetry on the amount of information of each image, the
simple average of two images is not a good solution to
composing an enhanced image. So, better parts from each of
the images are found, and then stitch and blend them into a
single image. This method fails when distortion angle is big
and not suitable for more curled images.

Tian and Narasimhan [8] introduced Rectification and 3D
Reconstruction of Curved Document Images proposed a
method that automatically reconstructs the 3D shape and
rectifies a deformed text document from a single image. The
regularity in the text pattern is used to constrain the 2D
distortion grid. Here, the 2D distortion (warping) grid in an
image is estimated by exploiting the line structure and stroke
statistics in text documents. This estimation consists of two
main steps: 1) text lines are automatically identified and

12659 |Page



International Journal of Recent Scientific Research Vol. 7, Issue, 7, pp. 12658-12663, July, 2016

densely traced 2) the text orientation is determined at every
location in the image. In most documents 2D image grid can be
regarded as a perspective projection of a 3D parallelogram
mesh. Here, the process is done by tracing an initial set of text
lines, called seed lines, across the document image from
randomly selected initial points. These initial points are based
on an image self-similarity measure. Then these seed lines are
re sampled and refined using dynamic programming. In this
work, it is assumed that the camera projection is perspective
and each cell of the 2D warping coordinate grid is a
parallelogram in 3D space. The second assumption is
reasonable because the surface can be assumed to be locally
planar or rigid if grid cells are sufficiently small. For most
undistorted planar documents, the text lines are parallel and so
are local vertical text directions, thus forming a parallelogram
grid. But, this method reduces the flexibility of the user
because additional hardwares are required.

Proposed System

Image warping is a common problem in the case of scanning or
capturing document images from thick volume books or from
huge historical manuscripts. Warping causes shade along the
spline of the book and also causes curliness on the text lines.
This reduces the OCR accuracy and also impairs the readability
of the user. Dewarping methods are used for flattening the
curled document images and to rectify the distortions in the
document image. In this chapter, Coarse to fine dewarping with
enclosed box method is explained for dewarping document
images. Image binarization (threshold selection) is the first step
in this process. It converts a gray scale image into a binary
image. Second step concerns with the detection of noisy black
border and removal. Third step includes the corner detection of
the curled document image. Coarse dewarping which is the
fourth step deals with the transformation of the curled
document image with a rectangular model. After that each of
the letters in the text document is enclosed within rectangular
boxes. This is the fifth step. Then fine dewarping is done for
better dewarping results. Finally, image enhancement is done
with morphological operators to enhance the document image.
Fig 1 explains different steps in the dewarping process.

Document image binarization refers to the conversion of a
gray-scale image into a binary image. It is the initial step in
most of the document imaging analysis. Usually, it
differentiates text areas from background areas, so it is used as
a text locating technique [22]. Binarization plays a prominent
role in document analysis since its performance affects the
character segmentation and recognition results. When
processing distorted document images, binarization is a
hilarious task. Distortions appear quite often and may occur
due to several reasons which range from the accession source
type to environmental conditions. Examples of degradation
influence may include the appearance of variable background
intensity, shadows, smudge and low contrast. The binarization
scheme consists of five basic steps. The first step includes a
dedicated denoising procedure using a low-pass Wiener filter.
Here uses an adaptive Wiener method based on local statistics.
In the second step, rough estimation of foreground regions is
done. Next, as a third step, the background surface of the image
is calculated by interpolating neighbouring background
intensities into the foreground areas that result from the

previous step. In the fourth step, final binarization is done by
combining information from the calculated background surface
and the original image. Text areas are located if the distance of
the original image from the calculated background overshoot a
threshold. This threshold adapts to the gray-scale value of the
background surface in order to preserve textual information
even in very dark background areas. In the last step, we
proceed to a post-processing that eliminates noise, improves
the quality of text regions and preserves stroke connectivity
[23].

IMAGE BINARIZATION

!

MNOISY BLACEKE BORDER
DETECTION AND EEMOWVAL

!

COFMNER DETECTION

COARSE DEWAFRFING

!

ENCLOSED RECTANGULAR BOX
METHOD

l

FINE DEWAFRPING

l

IMAGE ENHANCEMENT

Fig 1 Flow chart of coarse to fine dewarping using enclosed box method

Coarse Dewarping

In coarse dewarping step, a transformation model which maps
the projection of the curved surface to the 2D rectangular area
is applied. The extraction of the curved surface is achieved
from the left, right boundaries and top and bottom curled lines.
At first the borders are detected [25]. Let NL denotes the
number of lines in the curled image and CH denotes the height
of each character. Fig 2 shows an example of extracted curved
surface.

Rectangular Transformation Model

In rectangular transformation, the projection of the curved
surface is transformed with the 2D rectangular area. Let A’
XTI, Y1’), B> (X2°, Y2°), C (X3’, Y3’), D (X4, Y4)
represents the points on the rectangular area. Let AB be the arc
length between points A and B and |AB| represent the
Euclidian distance between points A and B. Here, we want to
calculate the width W of the rectangle. It is calculated as:

W = AB,DC
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Fig 2 Extraction of curved surface projection
Height of the rectangular area is calculated as:
H = min (JADJ, [BC))

After that we want to calculate the corner points of the
rectangle as follows:

x1’=x1 yl' =yl
x2’=x1"+W yz,:yl,
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Fig 3 Transformation model

Next step is to represent the points in the curved surface to the
points in the rectangular area. Fig 3 shows the transformation
model which maps the curved surface area. Consider the point
O (x, y). Let us transform this point to the rectangular area by
calculating new position O’(x, y) for O(x, y) as follows:

X =xI"+|A’Z]
Y’ =yl’+|A’H|
Where | P°Z |, | P’H | are calculated as follows:
l[AQ] W
|AE| ~ 1A'Z]
= |AZ|=—— [AE|
|AQ|
|[EG| H
|[EO|  |AH]|
- |AH== |EO|
|EG]

Repeating this terms for all the points in the curved surface
area. Finally each and every point on the curved surface area is
transformed to new points in the rectangular area. Figure 4
shows the output image after coarse dewarping.
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Fig 4 image after coarse dewarping
Fine Dewarping

In fine dewarping, word level dewarping is presented. Here,
first detect all the text lines and words. For this method,
remove all the non text components using the condition:

Heig t>3 CH orHeig t << orWidt <<
After that, upper baseline of the word is defined as:
y = aij + bij

Then all the words are rotated and translated as follows:

yrs:yr+ dij
xS =x=x"
Where

Y = ) *sin( )y cos( y)
dv = Ayl -y B goal< | Gl gl

12661 |[Page



International Journal of Recent Scientific Research Vol. 7, Issue, 7, pp. 12658-12663, July, 2016

Yis- ¥i} , otherwise

yij't = (axij+ bij) * cos

Yi} = (aixi+hy) *cos

Where ; is the slope of the word and x;{inis the left side of
the enclosed rectangular box. At last all the components that
we have been removed are added.

Image Enhancement

Morphological operators are used for image enhancement in
curled document images. They affect the structure, layout or
shape of an image. The two significant morphological
operations are dilation and erosion. Object expansion can be
done by dilation. It potentially fills in small holes and connects
disjoint objects. Erosion shrinks objects by etching away their
boundaries. By the proper selection of structuring element
these operations can be customized for an application, which
determines exactly how the objects will be dilated or eroded
[26].

EXPERIMENTAL RESULTS

This work is implemented in MATLAB. In order to verify the
validity of this work, hundred images of different resolution are
taken. After applying a coarse dewarping which is done by
transforming the curled document image with a rectangular
model, not a better dewarped result is obtained. So, in order to
obtain a better dewarped result, each of the characters in the
document image is enclosed within rectangular boxes and a
fine dewarping is done on word level.

Table 1 Angle measurements of dewarped images

Image Image 1 Image 2 Image 3
Angle of original image 0.0800 -1.9800 -1.4300
Rotated angle of dewarped image  2.24300 3.1700 3.4300

Images with different warping amount are taken to check the
angle variation of document images. The original angle of the
warped image and the measured angle of the dewarped images
are measuered. This thesis work can correctly rectify the
distortions upto angle of -2.

OCR evaluation can be done for checking the accuracy of the
image. Hundred images of different resolution before and after
dewarping are taken for checking the accuracy of the image.
OCR accuracy defined as the ratio of number of correct
characters to the total number of characters in the document.

Table 2 OCR accuracy

Without dewarping 55.07%
With coarse to fine dewarping 85.56%
With coarse to fine dewarping using enclosed box method 93.98%

This thesis work used data set containing different font sizes
and different fonts. The methodology can dewarp document
images irrespective of font size and font diversities. This work
requires approximately 12 to process one page.

CONCLUSION

Document imaging analysis has interest over past few years.
Many types of distortion affects document images like warping
affect. Warping effect reduces the OCR accuracy and also OCR
systems cannot read the curled document images. Many

dewarping methods are introduced to straighten the curved
document images. In this work, coarse to fine dewarping using
enclosed box method is introduced. The curled surface area is
projected by a rectangular transformation model to achieve
coarse and fine dewarping. In order to enhance dewarping at
word level each of the characters in the document image are
enclosed within rectangular boxes. Each of the letters is
translated and rotated using fine dewarping to improve the
dewarping result. Results show that this method can dewarp
document images efficiently and improves the OCR accuracy.
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