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Abstract
In order to preserve our cultural heritage and for automated document processing libraries and National Archives have
started to digitize historical documents. Automated document analyzing can comprise tasks like character segmentation,
text extraction and layout analysis. In the case of degraded manuscripts (e.g. by mold, humidity, bad storage conditions)
parts of the text disappear (e.g. be washed out) and therefore only fragments of an entire page are still visible. Due to the
digitization process of ancient manuscripts/documents a rotation angle is introduced to the captured images in relation to
the original image axes. The automated skew correction of documents is necessary because the algorithms for document
processing are sensitive to the page skew and the amount of pages is too large to do it manually. This paper presents an
algorithm for skew estimation that can be applied to handwritten degraded documents, and also for other archaeological
relevant documentations like type written cards or reports.
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1. Introduction
Digitalization permits a detailed storage and
organisation of the contents of a document and a
worldwide exchange or access of documents (e.g. via
the internet). If entire libraries or parts of libraries of
National Archives or museums are digitized manual
analysis or digital restoration of documents by a
human will not be feasible due to costs and time.
Projects and institutions that are dealing with
the digitalization of documents are amongst others
the digitalization center of the university library
Graz1, Vienna and DIAMM: Digital Image Archive
of Medieval Music, University of Oxford and Royal
Holloway University of London2. Methods for e.g. the
layout analysis of handwritten historical documents
(Bulacu et al. 2007), text line segmentation
(Louloudis et al. 2006; Likforman-Sulem et al.
2007) in handwritten documents and automated
layout segmentation and classiﬁcation of printed
documents (Cinque et al. 2003) have been published.
For correct solutions these algorithm estimate that
the input image has no skew. Additional “for humans,
rotated images are unpleasant for visualisation
and introduce extra difﬁculty in text reading” (Lins

and Avila 2004). As a result algorithms for skew
correction are necessary.
In (Chen et al. 1995) skew is deﬁned as follows:
“The text skew angle of a document image is denoted
by φ and is deﬁned as its dominant (most frequently
occuring) text baseline direction”. They (Chen et al.
1995) deﬁne also a formalization of the skew estimation
problem: “Given a document image I with text lines
at unknown skews of φ 1, ..., φ n. Find , an estimate
of the true document text skew angle φ, to maximize
the probability P (φ |I)”. Since in skewed printed
and handwritten documents the baselines of the text
(as well as text lines) are supposed to be parallel, the
skews φ 1, φ 2, ..., φ n are equal (see Section 2.). The
algorithm proposed in this paper assumes that it is
possible that different lines differ in skew and also
lines are not written straight according to a baseline
as it can be seen in Fig. 1. Therefore connected
components (related to words, part of words) are
analysed for each line and the skew is calculated such
that the distribution of skew angels is minimized.
The algorithm was tested on synthetic data and on
images of the folios of the Missale Sinaiticum (Cod.
Sin.slav.5/N, contain Glagolitic text).
This paper is organized as follows. Section 2
reviews the state of the art of skew detection methods
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Fig. 1. (a) different line skews within a single
folio (b) different skews within a single line.

and explains why the different algorithms are not
suitable for degraded text. In Section 3 the proposed
algorithm is described in detail while in Section 4 the
experimental results are discussed.

2. Related work
Methods proposing algorithm for skew estimation
include techniques based on projection proﬁles
(Bagdanov and Kanai 1997; Su et al. 2007), the
Hough transformation (Hinds et al. 1995; Amin and
Fischer 2000) morphological based skew estimation
(Chen and Haralick 1994) and methods based on
properties of the Fourier transform. A summary
and a classiﬁcation of skew estimation algorithm is
shown in (Lins and Avila 2004) and Hull (Hull 1998).
Algorithms based on projection proﬁles determine
the horizontal histogram which is obtained by
summing pixel values along a horizontal projection
line. The distribution of the horizontal histogram is
analysed to determine the correct skew. In the case
of degraded documents, where it is assumed that
parts of the document are faded/washed out, lines or
parts of lines disappear and will produce only small
peaks. A second drawback of projection proﬁle based
techniques is that narrow lines do not produce a
signiﬁcant peak (Likforman-Sulem et al. 2007).
A different solution to estimate the skew angle
is to calculate feature points and apply the Hough
transform on the image to ﬁnd straight lines. In
(Egozi et al. 2007) a statistical model containing
straight lines that are distorted by Gaussian noise
is used to determine the skew. In (Safabakhsh and
Khadivi 2000) the document image is smoothed
and then a bounding rectangle of the Connected
Components (CC) with a minimal area is calculated.
The orientation of the bounding rectangle determines
the skew of the document.

Other methods include solutions based on
clustering (Avila and Lins 2005; Okun et al. 1999),
Principle Component Analyzes (PCA) (Sarfraz et
al. 2007; Steinherz et al. 1999) and moment based
analysis. According to (Kavallieratou et al. 2002)
the problems of skew estimation algorithms are the
following:
1. “Restriction of detectable angle range
2. Restriction on type or size of fonts
3. Dependence on page layout
4. A specific document resolution is required
5. High computational cost
6. Limitation to specific application
7. Large text areas are required
8. […] Furthermore, the proposed algorithms
can estimate the dominant skew angle and
cannot deal with the cases of handwritten
pages where the text lines may not be parallel
to each other.”
All cited skew estimation methods are always
solving only parts of the listed problems since they are
designed for speciﬁc styles of documents. A general
solution, which solves all of the listed problems is, to
our knowledge, not published. The proposed skew
estimation method is able to handle handwritten
pages where the text lines are not parallel or straight
(8) and is restricted to a deﬁned angle range (1)
of ±85°.
Fig. 1 (a) shows a folio with different line skews
(slashed red line indicates the skew of the upper part
of the folio whereas the full turquoise line indicates
the skew of the bottom lines of the folio) and Fig. 1
(b) visualizes differences in declination within single
lines. A restriction that is not limited according to the
skew has to consider single characters or words and
therefore perform an OCR. Additional the size and
type of the font (within an page) is not limited to a
speciﬁc type.

3. Proposed algorithm
Working with degraded and poor quality documents
need a pre-processing stage that eliminates
distortions. The noise removal is followed by a initial
skew estimation. This is done to align the page within
a skew range of ±15°, because within this range the
calculation of the Adaptive Local Connectivity Map
(ALCM, see Section 3.2) leads to blobs that belong
to words or even sentences and are not fragmented.
Therefore a calculation of the alignment of the
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different blobs can be done: for the pixels of every
CC a corresponding orientation is calculated by
principle component analysis. The skew of every
line is weighted according to the area size and length
of the corresponding pixel area. As a result the
pre-dominant words/lines determine the correct
skew. The single steps are described in detail in the
following subsections.
3.1. Pre-processing

binarization. The selected and median ﬁltered folio
is shown in Fig. 2 (c). It is estimated that after the
binarization and the noise removal every information
in the image belongs to text or parts of the text. To
calculate an initial estimation of the skew, the page
is rotated in 15° steps and the image is horizontally
smoothed using a convolution to ﬁll the white gaps
between consecutive symbols/characters (words). If
the text direction is not parallel to the direction of the
smoothing, connected components, which are related
to words are subdivided in different blobs. The initial
skew is determined by maximizing the area property
of the single blobs. Fig. 3 shows the size of the single
blobs dependend on the skew. Note that this approach
is independent from the type of the characters. The
size of the ﬁlter kernel used for horizontal smoothing
must be choosen as large as the gaps between single

In the pre-processing stage ﬁrst the entire image
is binarized using an adaptive algorithm suitable
for degraded document image binarization (Gatos
et al. 2006). This algorithm extracts an estimated
background surface of the image, from which
the original image is subtracted and afterwards
thresholded. The parameters for the estimation
of the foreground regions are chosen as sug
gested in (Gatos et al. 2006; Sauvola and
Pietikainen 2000). The size of the interpolation
window dx × dy for the estimation of the
background has to cover at least two image
characters (Gatos et al. 2006); therefore a
size of 131 × 131 pixels (images of the Missale
Sinaiticum) is chosen. Integral images are
used for an efﬁcient implementation of the
binarization algorithms (Shafait et al. 2008).
A comparison of different thresholding
techniques is also done in (Gatos et al. 2006).
After the binarization the page is segmented
and an additional noise removal is performed
by applying a 9 × 9 median ﬁlter. Fig. 2 (a)
shows the original view of a folio of the Missale Fig. 3. (a) Original Image (b) 0◦ ﬁltered image (c) 10◦ ﬁltered
Sinaiticum and Fig. 2 (b) shows the result of the image (d) 20◦ ﬁltered image.

Fig. 2. (a) Original Image (b) Binarized Image using (Gatos et al. 2006) (c) Binarized and
Median ﬁltered Image.
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characters/words.
In
this application the ﬁlter
width for smoothing is 60
pixels. Fig. 3 (a) shows
the same text written in
different
orientations.
Fig. 3 (b)–(c) shows the
smoothed image with 3
different orientations of
the smoothing ﬁlter (0°,
10° and 20°). It can be
seen that ﬁlters with the
same orientation as the
text produce blobs with
the largest area and length
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while blobs with other orientations are fragmented.
The result of the initial estimation has an accuracy
of ±15°.

minimizes the square of distance of each point to that
axes).

3.2. Skew estimation

arctan(dx/dy) and lenxy = dx2 + dy2. The obtaining
values are weighted according to the length of each
object and the mean of the angles are calculated,
which deﬁnes the skew of the page. Therefore
Equation 4 deﬁnes the skew of the input image.

After the pre-processing step the image is rotated
with the previously calculated skew. It is estimated
that the orientations of the single words lie within the
accuracy of the initial skew and is therefore ±15°. To
calculate the ﬁnal skew, an ALCM (Shi et al. 2005)
as connectivity measure is calculated (see Eq. 1 and
Eq. 2, (Shi et al. 2005)).

Eq. 3

Eq. 4

Eq. 1

4. Results

where
Eq. 2

The algorithm was tested on chosen images of the
Missale Sinaiticum with different dimensions of
degradations. As shown in Fig. 1 the orientation of
the lines of folios of the Missale Sinaiticum can be
different. To get results of a page where all lines have
the same skew, the algorithm was also tested on a
parallel ruled and handwritten page. Fig. 5 (a) shows
the input image with a skew of −45° (all lines have the
same orientation) and Fig. 5 (b) shows the orientations
(red full line) of all connected components. The
binarized and smoothed image is taken as input image
for the initial skew estimation. The calculated skew in

According to (Shi et al. 2005) c is a ﬁxed value
and determines the size of the sliding window and
is “approximately equal to three time the average
height of text”. In this application c is set to 140.
Afterwords the image is labelled with a standard label
algorithm. The blobs with the highest connectivity
(and therefore length) are considered more signiﬁ
cant (small blobs are dedicated as outliers). The
determine the skew of every single blob a line is ﬁtted
into the blob (see Fig. 4,
Eq. 3) using Principle
Component Analysis
(PCA) (Forsyth and
Ponce 2002). The CC
are considered as a
scatter plot and PCA
is used to deﬁne a new
axes
(orientation),
which goes through the
maximum variation in Fig. 5. (a) Input Image (b) initial skew estimation and calculated PCA (red line) for every blob
the data (or equivalent (c) corrected Image.

Fig. 4. Calculated orientation of single blobs (red full line).

the preprocessing step is −12° (accuracy of the initial
skew estimation is within the range of ±15°). The
dominant orientation of the calculated orientation is
chosen as correct skew estimation and is shown in
Fig. 5 (c) after applying the proposed algorithm. To
test the algorithm, the page was rotated from −85°
to +85° in 5° steps. Additional the algorithm was
tested on chosen folios of the Missale Sinaiticum
with different dimensions of dedgradations which
323

Florian Kleber – Robert Sablatnig

Images
Handwritten page
27 verso
29 recto
36 recto
43 recto
44 recto
45 recto

Mean
0,64
0,67
3,49
2,26
0,73
1,05
1,41

Proposed Method
Standard Deviation
Max Deviation
0,54
1,98
0,34
1,29
1,24
5,41
0,73
3,89
0,47
1,92
0,63
3,21
0,96
3,03

are rotated by 20 random angular values in the range
from −85° to +85° . The mean deviation, the standard
deviation and the maximal deviation of the calculated
skew to the correct skew is summarized in Table 1.
Representative folios of the Missale Sinaiticum
(regarding appearence and possible dimension of
degradation) are shown in Fig. 1 (a), (b) and Fig. 2
(a). The size of the images of the Missale Sinaiticum
are 4000 × 2672 pixel and mean time needed for the
binarization using (Gatos et al. 2006) is 8.79 seconds.
The mean time for the inital skew estimation is
16.18 seconds and the mean time for the ﬁnal skew
estimation is 4.42 seconds. The explanation for
the long time needed for skew estimation is on the
one hand the high resolution of the images and on
the other hand the search for the initial skew value,
which is needed to get the best result regarding the
length of the connected components. The best results
are achieved on the handwritten page and on folios
(27 verso, 43 recto) with a degradation less than 50%
(50% of the text is disappeared). If the degradation
is higher and additional words/sentences got
fragmented the accuracy is less than 2° (see Table 1).

5. Conclusion
In this paper a skew estimation algorithm suitable for
degraded documents was proposed. For that purpose
for every word/line a weight according to the length of
each blob is calculated such that after the correction
most of the text is horizontally aligned. The algorithm
is designed for pages that contain handwritten text
without pictures. Degradation of parts of the text
are ineffectual as long as determinative parts of the
text for the skew are still available. Improvements
of the algorithm can be done by introducing layout
independency (also images etc. are treated correct)
and by developing an OCR (optical character
recognition) system to get a non restricted angular
value for skew estimation.
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