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Abstract

The skew correction of scanned document images is
an important step toward an automatic recognition
system. Several techniques have been developed to
estimate the skew angle of a scanned document.
However, most of these techniques have the problem of
expensive computational costs. A variation of a fast
method based on parallelograms covering is presented
in this article. The objective is to obtain lower
computation time and provide a way to work well over
noisy images and also over different layouts containing
non-text areas with no decrease in performance.
Experimental study with different databases achieved
results that overcome previous techniques.

1. Introduction

In document automatic recognition systems, the
quality of the input image is crucial to the final
performance. There are a variety of interfering effects
such as noise and skewing that appear during the
scanning process. These components can damage the
image and decrease the performance of the recognizer.

Skew correction plays an important role in the
image preprocessing. A small inclination in the
document image can interfere in the layout analysis
and consequently in the rest of the process.

To solve this problem, a large amount of techniques
were developed to estimate the skew angle of scanned
document images. A part of it is based on Hough’s
Transform [1], where occurs a change in the
coordinates to find the skew angle. The problem with
the Hough Transform is its expensive cost and its high
sensitive to noise and non-text areas.

Ishitani proposed a skew detection method based
on maximum variance of transition-counts [2] to deal
with images containing a mixture of text areas,
photographs, figures, charts, and tables.

There are also the projection based approaches [3],
which is commonly used. Other techniques were
developed based on cross-correlations [4]. Great part
of these solutions (like the Hough’s Transform and
projection based approach) suffers with high
computational costs. In contrast with this, the
automatic recognition systems need low time
consumption.

The present proposal is based on a variation of the
piecewise covering method for skew angle estimation
proposed by Chou et al. [5]. This method follows the
idea that a document is composed by a combination of
rectangular objects, such as text lines, forms, figures,
tables, etc. The main idea of the method is to construct
parallelograms at all angles and decide the one which
best fits the objects in the image. Our objective is to
show a variation of the Chou’s method changing the
criterion to evaluate the best angle — now based on the
background area. With this variation it was possible to
develop an effective way to reduce the search space for
the skew angle — instead of looking at all angles. We
also propose a variation that works well with noisy
images and different layouts including non-text areas.

In the next sections we describe details about the
proposed approach. Section 2 presents the Chou’s
original method and our proposal. Section 3 shows an
experimental study with synthetic rotated and real
scanned document images. In Section 4 we discuss the
limitations of the method and expose some
conclusions.

2. Skew angle estimation method

The parallelograms covering method proposed by
Chou et al. [5] to estimate the skew angle of a scanned
document is based on drawing scan lines over the
document at various angles. The skew angle is
estimated by constructing parallelograms with these
scan lines that cover objects in the image.



The process starts by drawing the parallel lines at a
certain angle 8°. A scan line is a row with 1 pixel width
that crosses the image horizontally. Then the image is
vertically divided into regions with fixed size, called
slabs — see Figure la. After, the lines are divided into
as many sections as the number of slabs. Chou
suggested using 450 pixels as the size of the slab. As
expected, the last slab in the right will be smaller if the
width of the document is not a multiple of 450 pixels.

In the parallelograms construction phase, each
section of the scan lines is examined by a certain angle.
If this section contains at least one black pixel, it is
turned to gray; otherwise, it stays white. Adjacent gray
sections form parallelograms. Figure la shows a
document skewed at -6° and Figure 1b shows the
parallelograms constructed with the scan lines at -6°.

After that, the scan lines are skewed at various
angles and the size of the region covered by
parallelograms is calculated. As exposed in Figure la-
¢, when the lines are drawn in the same angle of the
document inclination, the number of white sections is
the largest one.
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Figure 1. (a) An image with -6° skew angle. (b)
Parallelograms constructed at -6°. (c) Parallelograms
constructed at 1°.

By doing so, the angle with the largest white region is
considered as the skew angle of the document. Figure
1b shows the parallelograms constructed with scan
lines drawn at -6°, which is the same angle of the
document skew. Figure 1c shows the parallelograms
constructed with scan lines at 1°. As we can see, the
white region at -6° is larger than at 1°.

2.1 Reasoning about the scan lines

To measure the size of the white region at an angle
0°, Chou et al. proposed to count the number of white
sections at that angle. However, this approach has a
problem when the value of the angle increases (in
positive or negative directions): the total number of
sections covering the whole image at that angle is also
changed.

As illustrated in Figure 2a, at 0° we will have n scan
lines, which is also the number of rows (the height) of
the image. In Figure 2b, the scan lines are rotated and
the total number of scan lines will be n + a, where a is
the number of extra small lines.
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Figure 2. (a) A document with scan lines drawn at 0°. (b)

The scan lines drawn at an angle different from 0°. The total
number of scan lines is increased with a extra small lines.

Aiming to make a fair evaluation, one will need to
specify the total number of sections for every angle. In
other words, if you have 1000 sections at angle 6°, you
will need 1000 sections at every angle.

As shown in Figure 2b, part of the image must be
ignored to assure that the total number of scan lines is
constant, so only the lower (or upper) part of the
smaller lines will be considered. This is a problem
because the part ignored can contain valuable
information to estimate the skew angle.

Even setting up the number of scan lines to a
constant, a different number of sections per angle is
produced. This happens because, in the upper and
lower parts of the image, the lines are smaller than the
ones in the middle of the document. For example, in
Figure 2a, there are 3 slabs, so the total number of
sections is 3xn. In Figure 2b the total number is
changed because of the smaller lines. Some sections
disappear and others have a smaller size.

Another problem with the Chou’s approach is:
counting the number of white sections will give the
same weight for different number of pixels. Thus,
small sections which contain only few pixels will have
the same “importance” in the analysis as sections with
the full slab width. This happens in the lower (or



upper) part of the image and with the sections in the
last slab in the right.

Based on that, instead of using the number of white
sections, it is here proposed a more efficient alternative
to measure the white sections: based on its area. So
instead of counting the number of white sections, we
will count the number of white pixels (i.e. the number
of pixels that is not covered by parallelograms). To
avoid constructing the image with the parallelograms,
an efficient way to make this measure is through the
operation:

if no black pixel is detected in the section
then white counter += size of the section

This strategy naturally gives a weight to a section
proportional to its size. In other words, small sections
will contribute to increase the counter of white sections
only with its corresponding number of pixels.

A benefit when using the background area is that: it
is not necessary to care about fixing the total number
of sections; this information is preserved by the total
area (number of pixels) of the document at all angles.
Thus, the entire image can be used to estimate the skew
angle and no part is ignored.

2.2 Reducing the search space

To search for the skew angle of a document, Chou
limits its search within [-15°+15°]. This is a practice
commonly adopted by other techniques with no
decrease in performance because real scanned
documents usually have a small amount of skew.

To save time, instead of search trough all angles,
Chou proposed to search for the skew angle of the
document as follows:

1) Search for the best skew angle B within [-15°,+15°]
with a step size of 2°;

2) Search for the best skew angle y, within [B-1, p+1],
with a step size of 1°;

3) Finally, search for the best skew angle 6 within [y -
1,y +1] with a step size of 0.1°.

Where & is the estimated skew angle of the
document and the best skew angle at each step is the
one that achieves the largest number of white sections
(in our approach, the largest white area).

A good way to speed up the first of these three
steps is to watch the behavior of the white region
measure at each angle. This measure should increase as
the angle of the scan lines is closer to the real skew of
the document and should decrease as the angle of the
scan lines is distant from the real skew angle.

However, this evaluation is not always true using
the number of white sections to measure the size of the
white region. On the other hand, the area is an
alternative to this.

In Figure 3 we show the behavior of measuring the
white region in the first step of the algorithm — where
we look for the B angle from -15° to +15° with step size
of 2° Figure 3a shows a scanned document with a
skew angle close to 0°. Figure 3b shows the behavior
of the white counter using the number of sections as
proposed by Chou. We see that Chou’s original
method will fail in finding a correct skew angle close
to 0° because the angles close to 15° and -15° have
larger values. This is caused by a problem already
discussed: the size and the number variation of the
sections.

Figure 3c shows the behavior of measuring the
white region through the area, as we propose here. We
can see that close to 0° the white counter assumes its
largest value and decreases when the scan lines goes
away from 0°. Figure 3d shows the curve of measuring
the white area of the same document now with -10°
skew angle.

Thus, the behavior of the curve can be helpful in
early stopping the search for the best skew angle .
That is, if we detect that the value of the white counter
is decreasing, we can stop the search for § and move to
the next step, refining the search.

Another point to consider in real cases is that most
of scanned images have 0° skew angle or close to this.
So, we propose to start our search evaluating 0° and
observe the behavior of the curve

We can define B(6°) as the size of the white region.
So, we propose a new way to speed up the search for
the skew angle as follows:

1) Search for the best skew angle within {0°, 2°,

-2°%.

If B(0°) has the largest value

Then assign 0° to B and move to the next step.
Else continue searching for the best skew angle
B in the direction of the largest B(6°)
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Figure 3. The behavior of the white region quantity — looking for [} angle. (a) A scanned document with an angle close to 0°. (b)
Measuring the white region of the document in (a) trough the number of white section as proposed by Chou. (c) Measuring the
white region of the document in (a) trough the area. (d) Measuring the white region of the document in (a) rotated by -10° using

the area.

with a step size of 2°. Stop when B(6°) starts to
decrease.

Search for the best skew angle y, within [B-1,
B+1], with a step size of 1°;

Finally, search for the best skew angle & within
[y -0.6, y +0.6] with a step size of 0.1°.

Using the strategy proposed above, it is possible to
note the reduction in the search space for the skew
angle B. The best case occurs when B(0°) is larger than
B(2°) and larger than B(2°), so B is set to 0°. Knowing
that most of the document images in real problems has
low skew angles this will greatly affect the
computation time. The worst case occurs when f is
+15° or -15°. Even in these cases, the search space will
be reduced by half in comparison with the original
search described by Chou, because only one path
(positive or negative) need to be explored.

The third step also reduces the search space. We
only search for the skew angle from y-0.6 to y+0.6
instead of y-1 to y+1. This is done aiming to avoid
redundancy with the previous step.

2)

3)

To avoid local minimum, we suggest to stop the
search for the best skew angle  only when the B(69)
decreases after two iterations.

2.2 Minimizing the interference of noise and
vertical separators

The presented method is vulnerable to images with
noise in the background. As it turns to gray every
section that has at least one black pixel it can become
difficult to evaluate the inclination angle of noisy
image documents.

This vulnerability can also happen in images of
documents with large amount of vertical separators
(vertical bars), such as tables, forms and other non-
textual elements. In these cases, all the sections
covered by a single vertical separator will be turned to
gray. This problem also happens with handwritten
documents. Figure 4 illustrates these cases.

If the document image has, at least, one of these
components, the skew angle estimation can be



damaged. To overcome this vulnerability we use a
threshold 7 to decide if the section will be turned to
gray or not.
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Figure 4. Examples of documents with non-textual elements
that can mislead the skew angle estimation proposed by
Chou. (a) A form containing vertical separators. (b) A
Brazilian Bank Check with noise, handwritten components
and a stamp (data was hidden for identity preserving

purposes).

Based on that, black pixels coming from vertical bars
or background noise will not interfere in the skew
angle estimation. After preliminary experiments the
threshold 7 was set to 5 pixels.

3. Experimental Study

We evaluated our proposal over a collection of
images. The original Chou’s approach was
implemented and tested for comparison. We computed
the error of skew angle estimation for an image as the
difference between the estimated angle and the target
angle. This is called the estimation error.

Chou compared his technique with the following
ones: a projection-based method [3], a maximum
variance of transitions counts method [2] and a cross-
correlations method [4]. As conclusion, Chou showed
that his method achieved the best results in the
estimation of the skew angle and also in the
computation time. Based on that, in this section we
will only show the comparison between our method
and the original Chou’s estimation skew angle.

For all the experiments the slab width was set to
450 pixels for both approaches. The threshold of our
approach was fixed to 5 pixels.

3.1. Databases

To examine the performance of the proposed
method we constructed two disjoint databases with
document images: one artificial and one real.

The first one was used to compute the estimation
error of skew angles. To ensure that each document in
this database had 0° skew angle we generated images
from electronic documents. After that, the images were
artificially rotated with an angle within [-15°, +15°].
For this database we collected a variety of documents
composed of mixture of textual and non-textual
components (like forms, tables, pictures, etc.) with
200dpi. Figure 5 shows examples from the documents
used in this database. We collected 644 images in this
manner.

| a) ' b)
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Figure 5. Examples of the first database composed of
electronic documents converted to images. Documents
rotated at (a) 3°, (b) -4°, (¢) 7° and (d) -13°.

In order to evaluate the difference in performance
using the threshold described in Section 2.2, we
simulate noisy images by adding salt and pepper noise
in the first database. The error over images with the
salt and pepper noise was computed apart.



The second database was used to evaluate the
performance of the method over real scanned images.
We collected 3,268 images including Brazilian bank
checks, forms, payrolls and bank payment slips
distributed in the categories shown in Table 1. Figure 6
illustrates some examples of images that compound
this second database.

Table 1. Distribution of images in the real scanned image
database

As we can see, the proposed method achieved
better results. This improvement occurred especially in
images with a larger amount of vertical separators.
Figure 7 shows an example of an image containing a
table rotated at 8°. Chou’s method estimated wrongly
(-17°). On the other hand, our approach estimated
correctly (8°).

Table 2. Error rates in degrees (°) from the images of the
synthetic database.

Document type Number of images
Bank payment slip 54
Payroll 167
FOITI}S. 303
Brazilian bank checks 2,744

Synthetic database Chou Proposed
Average estimation error 0.805 0.020
Standard deviation 2.894 0.042
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Figure 6. Examples of the second database composed with
real scanned images of documents. (a) Bank payment slip,
(b) Payroll, (¢) Forms and (d) Brazilian bank checks (data
was hidden for identity preserving purposes).

As can be seen, the documents contain handwritten
components, vertical separators, non-text areas and
noise. As we do not know the real skew angle of the
images, the error was not calculated over this database
and we only made a visual analysis of the results.

3.2 Results with synthetic rotated images

Table 2 presents the results of estimating the skew
angle of the images from the database of synthetic
rotated documents. The column labeled as “Chou”
represents the error computed using the original
Chou’s method. The column labeled as “Proposed”
shows the results from our approach.
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Figure 7. Image rotated at 8°. Chou’s original method had a
great sensitivity to the large amount of vertical separators and
estimated a skew angle of -17°. The proposed approach
succeeded in finding 8° skew angle.

Aiming to verify the performance using the
threshold proposed in Section 2.2 we added salt and
pepper noise with different densities in images of the
first database. As shown in Table 3, the error over the
Chou’s approach was greatly increased, especially with
larger density (d) noise. On the other hand, the
proposed approach continued to work well. Visually
examining the results for d = 0.02 and d = 0.03, we
saw that Chou’s estimation algorithm strongly
confused the skew angle estimation of all the images in
the database.

Table 3. Error rates in degrees (°). Images from the
synthetic database with salt and pepper noise.

Density | Estimation error Chou Proposed
0.01 Average error 4.0358 0.0599
0.01 Standard Deviation 5.2709 0.0808
0.02 Average error 9.0026 0.3673
0.02 Standard Deviation 4.0196 1.9440
0.03 Average error 9.0639 1.9034
0.03 Standard Deviation 4.0157 4.9746




3.3 Results with real scanned images

Aiming to observe the skew correction in a
practical environment, the new approach was tested
over real scanned images from the second database.
Figure 8 shows some results examples.

As we decided not to measure the error rate in this
database, the results were visually examined.

The proposed approach achieved very satisfactory
results for all the images in the real scanned images,
but the original’s Chou method just confused a great
part of the skew angles.
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For the payroll and bank payment slip dataset, both
the approaches achieved very satisfactory results.
However for the bank checks and forms datasets, the
Chou’s approach confused almost all the images.
Despite of this, the proposed approach still presented
very satisfactory results. Figure 8 shows examples.

This happened because our new approach makes a
better evaluation about the white space (the
background) using the area to measure it. As the
images contain components that are not plain text, (like
handwritten components, noise, vertical separators,
etc.) the proposal of using a threshold brought the
ability to deal with this kind of features.

dthg,

7
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Figure 8. Examples of the skew correction of real scanned images. (a) Scanned document of the category “Forms”. (b) Result of
applying the correction to the form based on the Chou’s estimation — Chou’s method detected 17° of skew. Our proposed
approach detected 0° skew angle. (c) A scanned brazilian bank check. (d) Result of applying the correction to the check based on
the Chou’s estimation — Chou’s method detected 16.5° of skew. Our proposed approach detected -0.1° skew angle.

3.4 Computational time results

Now we make an analysis about reduction in
computation time using our approach. Recall that Chou
look for the skew angle B in the full interval [-
15°,+15°] using 2° as the search step size and the search
for the 6 angle occurs in the interval [-1,+1] with a step
size of 0.1°.

Chou concluded that its method was the best, in
terms of computational time, when compared with the
techniques in [2-4]. With the reduced search space
proposed here, this computation time is also reduced.

Table 4 shows the average difference (in %) in the
computation time between both approaches. We show
how much our approach accelerated the original
Chou’s method. In the first row we show that the new



approach is approximately 12% faster than the Chou’s
original one for the synthetically rotated images.

Table 4. Gain in computation time (in %) using the reduced
search space.

Average difference %
Images synthetically rotated in various angles 12.35
Real scanned images 51.30

And as we want to show how we accelerate the real
cases (where the images have skew angles close to 0°)
we present in the second row the results for the second
database, composed with the real scanned images. We
can see that reducing the search space gave
approximately 50% reduction in the computational
time. As an example, if the Chou method needs 1
second to find the skew angle of a document with a 0°
skew angle, our approach requires only 0.5 seconds, in
average.

It is important to mention that the Chou’s method
was faster than a projection-based method [3], a
maximum variance of transitions counts method [2]
and a cross-correlations method [4]. Based on that, we
can say that the approach present here is faster than
these techniques too.

4. Final Remarks

Using parallelograms to fit the objects of a
document is useful to estimate its skew angle. In this
paper we proposed a variation of Chou’s method based
on parallelogram covering.

Through experimental tests over synthetic rotated
images we showed that the proposal achieved better
results over noisy images and documents containing
vertical separators, like tables and forms. Through the
real scanned images database we saw that our new
approach can make a better evaluation of the
background in the document and also works better with
printed images containing handwritten components,
noise and vertical separators.

We also showed an efficient way to reduce the
search space thus reducing the computational time of
the algorithm. About the time consumption, the
proposed approach saves more time when the images
have skewing angles close to 0°. That is because we
assumed that most real cases has this inclination. As
the proposed algorithm starts searching at 0°, the time
consumption is proportional to the skew angle of the
image.

One last consideration is about a limitation of this
approach. When scanning a document, sometimes the
image can acquire more than one angle at different
parts of the document. As the proposed technique was
developed to find a global skew angle for an image, it

is not suitable to correct the skew of a document with
various angles. We leave this as future work to evolve
the present approach to deal with this kind of skew.
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