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Abstract

In this Paper, We proposed a novel algorithm for de-warping of Persian
document images captured by the cameras. The aim of de-warping is to remove
page distortions and to straighten document images captured by the cameras, so
that the documents are readable to the OCR system. Recently, the industrial
implementation of the images captured by digital cameras has significantly
expanded. Most of the studies carries out so far in this regard have focused on
the documents written in Latin and few researches have been conducted
regarding Persian documents. The original idea of the proposed algorithm is
based on the segmentation of the components of texts. In this algorithm, an
effective technique is offered for detection of the upper and lower baselines,
which is used in estimation of the slope of the words. Moreover, vertical shift of
the warped words is done through fitting a quadratic curve fitted to the centers of
the words in a line in relation to the horizontal line. The suggested algorithm is
examined by qualitative and quantitative measures and the results of its
implementation on various documents indicate a 92% accuracy of the proposed
technique in correction of the location and angle of the words.
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1. INTRODUCTION

Recently, the significant role of digital cameras in preparation and analysis of document images is
expanding. The reason behind this development is the fact that compared to scanners; such
cameras are lighter, more applicable and less expensive. Cameras can be employed in cases
where scanners are not of any use. Imaging of thick books and hand-written historical books that
have to not be touched are examples of such cases. Such advantages have resulted in
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applicability of digital cameras in a wide range of applications such as printed documents digital
library and natural scenes containing textual contents.

The analysis of the document images captured by these cameras can be divided into different
categories based on the type of the document, the technology used in the process of imaging and
the desired application.

Generally, images can be captured from any context containing textual contents (such as a paper
document, a subtitled video frame, a car plate number, or an open book). In fact, the differences
in method of the imaging, will determine the complexities of the textual contents extraction.

The conditions of capturing images with cameras are more complex and different, in comparison
to scanners. Therefore, techniques that are more effective and robust have to be applied for the
analysis of camera-based document images. Novel algorithmic technologies used for document
analysis, generate desirable results with pure, flat text documents. By pure texts, we mean those
documents that do not include images or formulas and, and those in which a single language is
used. Flat documents refer to documents that are free from geometric distortions. In such
techniques, the assumption is a high-quality simple-structured document image (i.e. a
straightened black colored text on white background).

Unfortunately, there are no such assumptions for camera-based systems, resulting in new
challenges for their applications. Examples of such challenges include low resolution, variable
brightness in the page, perspective distortion, non-planer surfaces, complex backgrounds,
zooming and focusing on a specific part, movements of the objects while a photo is captured, as
well as warping of the content. The significant challenge that we are going to address here is
geometric warping of the document images. Warping of the document images is one of the main
complexities of the pre-processing stage, and different techniques have been devised so far in
order to remove this problem. In fact, the actual aim of de-warping of the pages is to align the
document image captured by camera before the OCR stage, so that the document is readable by
an OCR system. The most important types of such distortions are those resulting from
perspective and paper curvatures.

In the recent years, various techniques are proposed to recover the distortion of the warped
document images [1]. These techniques are categorized into hardware versus software-based
page reconstruction sets. An example of the first type is the reconstruction of a 3D shape by
means of hardware such as stereo cameras [2,3], photometric devices [4], and laser-based
scanners [5]. Page reconstruction using a single camera in an uncontrolled environment [6, 7,
and 8] can be mentioned as an instance of the second group. In the present article, our
assumption is an image taken by a digital camera, without any hardware post-processing.
Therefore, the focus of our study is on the second type of algorithms.

Among the second type of techniques mentioned above, three main techniques of restoration of
the warped images are mostly focused on. These are representation of a continuous skeletal
image for document images de-warping (SKEL)[9], segmentation—based recovery of the warped
document images (SEG) [10], and a coordinates-translation model for guiding the documents in
one direction and recovery of the distorted document (CTM) [11].

The central idea of the skeletal technique is based on the extraction of the surface skeleton of the
document in which connected branches estimated by means of Bezier curves, determine the
internal space of the text lines. CTM is a model based on the translation of the cylindrical
coordinates and through biasing the document, restores the warped book. Besides, the basis of
SEG technique lies upon the segmentation of the words and correction of the skew of these
words, using the baselines estimated for them, and finally the vertical translation of these warped
words. The three models are used in de-warping Latin document images; however, none of the
previously proposed methods can remove the distortion of such documents completely. The
SKEL method is able to remove the distortions resulting from page curvatures, but fails to do so
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for perspective distortions, nor can it restore the distortions occurred to formulas and some
components of the documents belonging to the adjacent page. CTM can recover formulas to
some extent and also works for the components of the document which are apparent from the
neighboring pages, however, it fails to remove the perspective and page curvature distortions.
SEG model also is applicable for the parts appearing from the adjacent pages as well as
distortions of formulas and page curvatures, yet unable to work for perspective distortions.
Among these three models, the SEG method is of more applicability with regard to de-warping
documents[13]. Therefore, in the present article, this model is considered as the base model and
its improved version is proposed as a technique for restoration of the distortions occurred to
documents written in Persian or Arabic. It has to be pointed that since the SEG model is based on
the features of Latin orthography, it is not directly applicable to Persian texts. The experimental
results presented in this study also confirm such a fact.

The remaining of present paper is structured as follows: in section 2, the related literature is
reviewed and. In the 3" section, the proposed algorithm is represented. Section 4 includes the
experimental results and discussions on the recovered images quality and finally the article will
be summarized in section 5.

2. SEGMENTATION-BASED MODEL FOR DE-WARPING

2.1 SEG Model

As was mentioned before, SEG model is considered as the base model of this study. Such a
technique improves the quality of the images captured by digital cameras through the following
four stages:

In the first stage, noisy areas and the black margins as well as the noisy components of the text
belonging to adjacent pages are detected and reduced. The original idea of black margins
discrimination is based on vertical as well as horizontal projections. First, the image is smoothed,
and then the initial and final offsets from the corners and textual areas are calculated with regard
to vertical and horizontal projections.

Finally, the black margins are removed through the analysis of the connected segments of the
image. In the next step, the words are reconstructed through smoothing.

During the second stage, words and baselines of the text are detected through implementing the
segmentation model for the documents for which noise reduction has been carried out. The
adjacent words are linked to each other consecutively in order to define the text lines.

This is performed by the sequential extraction of the words on the right and left sides of the first
detected word after a stage by stage top-down scan of the document. For each determined word,
the upper and lower baselines are calculated [12].

In the third stage, the initial binary warped image is restored through de-warping and translation
of the words with regard to the upper and lower baselines. For each word, the skew is calculated
using the slopes of the corresponding upper and lower baselines. Then, all the detected words
are de-warped and transformed, so that a primary estimation of the recovered binary image is at
hand. Ultimately, it is in the fourth stage that the smoothed image is reconstructed.

2.2 Limitations of the original model with regard to Persian documents

SEG technique have a number of limitations when used for Latin texts and even more problems
emerge when this model is used for documents written in Persian. Regarding English texts,
there is no appropriate filter for accurate detection of noises and removing them. Besides, in
such texts, the estimtion of the upper and lower baselines is not always error free.
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In case the original model is implemented with Persian texts, none of its stages works
appropriately and the only output will be some noisy pixels. Thus, the original model is merely
considered as a basis for offering a novel algorithm. The original technique bears many problems
if used for restoration of the Persian document images. It faces lots of complexities in case of
detection and elimination of noisy areas. Moreover, due to the differences in the writing structure
of English and Persian, segmentation of the words in Persian texts also will be problematic, since
unlike English texts, in Persian documents the height and slopes of the letters of the words do not
follow a specific order. Therefore, again the original SEG model will face difficulties in determining
the upper and lower baselines. In other words, in Persian, the slope detection and transformation
of the words in a geometrically warped text have to be done in a structured manner relying on the
whole page. Whereas, in English, these are conducted for each word separately, independent
from other words on the page. Another critical limitation of the original model is that the
translation of words in each line is based on the highest point in the written form of the first word
of the same line. This is less problematic for English texts, since their writing structure is more
organized; however, with regard to Persian texts, difficulties are abundant due to the fact that in
Persian the height of the text line does not correspond to the height of the words. In figure 1,
implementation of the base model on a Persian imaged document is discussed. As we can
observe, the original method has no application for Persian texts and the distortions resulting
from warping of the image cannot be restored. This limitation made us to propose a new
technique in order to remove the above mentioned problems. In our suggested model, robust
solutions are presented for the stated limitations.
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FIGURE 1: Implementing the original model on a Persian sample, from top to down, a. the original
document image, b. the output image

3. THE PROPOSED ALGORITHM

The flow chart of the proposed algorithm is demonstrated in figure 2.

| Binarization |
v
| Noise Reduction |
v
Word box and text line detection
2
Word slope detection

v

Word skew correction

v

Document de-warped

FIGURE 2: Flowchart of the proposed algorithm
As the chart indicates, in this algorithm, first, the image is binarized (black as background and

white as foreground) by means of the threshold extracted from the Otsu algorithm, so that the text
components of the image are indicated. Then, the bounding boxes of the words are extracted. In
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the next step, based on the height of the bounding boxes of all words in the text, a histogram is
calculated. The maximum value of the histogram corresponds to the average character height M.
Those histograms whose heights are more than a.M or less than M/b are removed. In addition,
those with a width less than M/c are also removed, so that in the next stage of the algorithm, we
do not face a difficulty. In fact, at this stage, small letters and segments are eliminated.
Empirically, a, b, and ¢ are selected in a way that undesired text components and noises are
removed and only the main words remain.

Further in the procedure, two low-pass filters are used in order to horizontally smooth the words
within the bounding boxes. The thresholds of these filters are determined empirically. If the
thresholds are considered lower than the determined desirable values, the noisy areas and the
redundant letters within the bounding boxes that have a small width and length, will not be
removed. In addition, if the determined thresholds are increased, then some of the words that are,
in fact, the main components of the texts, will be missed. After the horizontal smoothing, once
more, the noisy areas are removed. Then, the remained words are detected. In this stage,
through a top-down scanning, the word in the highest point of the page is detected and is labeled
as K, to which, this to the first text line L is assigned. Next, the words are scanned from right to
left and the first word, the word that neighbors at a small distance in the left side of word K, is
detected. Furthermore, it is assumed that these two words which are closest to each other
horizontally, should have something in common vertically too, therefore the word which is
detected as the closest one is not selected from the following line. This closest word is labeled as
K:. Continuing our scanning, we got to the last word on the left. The same procedure is followed
for all the words on the right side of the first word and label all words found in a left to right
scanning order and assign them to the first text line. Furthermore, a flag is enabled for these
components to indicate that they will not participate to further calculations and labeling.
Subsequently, all of the above procedures were repeated for the remained words till we got to the
last word of the image. In this way, all of the words of the image were detected and for each
word, the corresponding lines were also determined, which, in turn, are used for detection and
correction of the skew of the words, as is explained bellow.

The second stage of the proposed algorithm, includes the determination of the upper and lower
baselines for each word which delimit the main body of the words (see Fig. 3), by which, we are
able to find the slope of each word. For each word, the upper and lower baseline is defined via a
simple linear equation as is shown in equation (1), (2).

y=aijx+bij

y=ay;x+by

FIGURE 3: Example of upper and lower baseline estimation.

b. a'

2T g
the word. Due to the atypical written forms of the Persian words, and because of the fact that the
height of the words does not follow a specific order, it is not possible to estimate the upper and
lower baselines for each word correctly, thus it is necessary to consider a number of successive
words as one phrase and find the upper and lower baselines for that phrase. This is done through
transforming the bounding box of a single word to a bigger one, which encloses a sequence of
words. Experimentally, we came up with the conclusion that if we consider each word together
with its two preceding words and three following words as a phrase, and regard them in a
common bounding box, the baselines will be estimated with better accuracy.

In these equations, thea b'l:]. coefficients are obtained based on the characteristics of
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In the next stage, the skew of the words was estimated and also rotated. Here, the slope of each
word is derived from the corresponding baseline slopes. Upper and lower baseline slopes of word
Kij are denoted as:

6 =arctan(a, ), 6, =arctan(@'; ) (3)

Using the estimated slope for each word, the angle of that word in relation to the horizontal line
was also determined through equation 4. This angle, of course, derived from the comparison we
drew between the estimated angles of the upper and lower baselines. This procedure was carried
out through equation 4, for the first word of each line, and equation 5, for the other words.

i . l
8 — gio ’lf |91Z |<|9i(1 |
io
01-10 ,otherwise 4
o - 6 .if16; -6, <16, -6, (5)
Y Gé,otherwise

Then we re-formed the bounding box of each word and in each bounding box, we transformed
those pixels that were translated in relation to the horizontal line, using the following formula (6).

{x . (6)

Vi = max(l, round ((x — x,;,) *sin(=6;) + y * cos(6y)))

min

Estimation and correction of the slope of each word, was carried out based on the slope of
previous word in the same line, and when the words in a line finished, this procedure also is
ended, and for the new line, the correction of the skews was performed based on the words of the
same line and their estimated slopes.

The final stage of the proposed algorithm, consists of transformation of the warped words which
was corrected in terms of their slopes. This stage is of paramount importance and, in fact, the
main part of the proposed algorithm is related to the transformation of the words with a corrected
angle, and sequencing the words in a line, so that all the words in a line are in the same direction
and on a horizontal line.

In this part, the criterion is not the maximum value of the bounding box of each word. In fact,
here, first the geometric center of all bounding boxes of the words are found, then a polynomial
curve of degree two or three is fitted to these centers, using an MMSE scale. In the present study,
experiments indicated that the most desirable results will be gained if a quadratic curve is used.
As figure 4 indicates, after fitting the curve, the difference between the centers of the bounding
boxes with the curve, symbolized as d (see Fig. 4), should be estimated and recovery should be
carried out with regard to the horizontal line, through the following formula(7).

{y x = max( 1, (round (y + d))) (7)

Xpy = X
y—KI:I/I;I_\I;I\H\D

s

FIGURE 4: Words alignment model.
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4. EXPERIMENTAL RESULTS

In this section, the implementation of the proposed algorithm on the Persian document images
and the resulting findings are examined. Then a comparison is done between the original
algorithm and the one proposed in this paper with regard to their application for the same
samples. The samples are captured by a Sony digital camera (S950), with a resolution of 10
megapixels. Totally, a sum of 8 samples were provided and the suggested algorithm is
implemented on all of them, the result of which are presented bellow.

Figure 5(a) & 6(a) & 7(a) show three Persian warped samples.
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FIGURE 5: from top to down — a. the original image, b. elimination of the noisy areas, determination of the
boxes and the text lines, c. estimation and correction of the skews of the boxes, d. transformation of the
boxes and the output image of the algorithm.

In figure 5, part a, the original document image containing geometric distortion is presented, in b,
the noisy areas and the small words are removed, in fact, the points and symbols such as slash,
comma, etc. are removed, however, as it can be observed, in the end of second line, a main word
is also removed. In part ¢, for each phrase within a bounding box, its slope is determined and
based on the formulas presented in the previous part, the slopes are recovered. In d, the words,
for which skew correction was conducted, were transformed. As presented by the figure, this
stage was successful for all the three lines, but the dot of the last word of the second line is not
places where it should.
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FIGURE 6: from top to down- a, the original image, b. elimination of the noisy areas- determination of the
boxes and the text lines, c. estimation and reformation of the skews of the boxes, d. transformation of the
boxes and the final output of the algorithm

In figure 6, part b, which is related to elimination of the noisy areas, a limited number of words in
the end of the second line as well as those at the end of the last line are missed. In ¢, the slopes

of the phrases are recovered accurately and in d, the transformation process was also
successfully conducted.
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FIGURE 7: from top to down- a. the original image, b. final output of the algorithm
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Sample Figure 5 Figure 6 Figure 7 Average of
the total
samples

Accuracy of 5% 3% 5% 4%
the original
algorithm
Accuracy of 95% 90% 92% 92%
the proposed
algorithm

TABLE 1: A comparison between the proposed and the original approaches.

Table 1 indicates the results of applying the suggested algorithm on 8 samples. Greater efficiency
of the proposed method is also presented numerically. The results reveal the high applicability of
the proposed algorithm presented in this paper.

References should be indicated in the text by consecutive numbers in square brackets, as [1], [2]
etc.

5. CONSLUSION & FUTURE WORK

The suggested algorithm is of much efficiency with regard to Persian texts. This algorithm can be
implemented on the Persian document images captured by cameras, which have dramatic
geometric distortions, as well as photometric distortions. The results of our studies support the
effectiveness of this algorithm. This algorithm is generalizable to texts containing formulas and
figures as well, about which, researches are being conducted. Besides, reduction of photometric
distortions is another area, which can play a complementary role to the practically applications of
this algorithm.
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