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Abstract

The nearest-neighbor based document skew detection
methods do not require the presence of a predominant
text area, and are not subject to skew angle limitation.
However, the accuracy of these methods is not perfect
in general. In this paper, we present an improved
nearest-neighbor based approach to perform accurate
document skew estimation. Size restriction is introduced to
the detection of nearest-neighbor pairs. Then the chains
with a largest possible number of nearest-neighbor pairs
are selected, and their slopes are computed to give the skew
angle of document image. Experimental results on various
types of documents containing different linguistic scripts
and diverse layouts show that the proposed approach has
achieved an improved accuracy for estimating document
image skew angle and has an advantage of being language
independent.

1. Introduction

Most document analysis systems require a prior skew
detection before the images are forwarded for processing
by the subsequent layout analysis and character recognition
stages. An efficient and accurate method for determining
document image skew is therefore an essential need. A
number of methods have previously been proposed for
identifying document image skew angles. A survey was
reported in [1] by Hull. In recent years, more attempts have
been made on this issues. The main methods proposed in
the literature may be categorized into the following groups:
(1) methods based on projection profile analysis[2, 3, 4], (2)
methods based on nearest-neighbor clustering[5, 6, 7, 8],
(3) methods based on Hough transform[9, 10, 11, 12], (4)
methods based on cross-correlation[13, 14], (5) methods
based on morphological transform[15, 16].

Except for the nearest-neighbor based methods, the
above methods have their inherent weakness, because

most of them actually are tailor-made algorithms that
are applicable to a particular document layout. As a
result, some of them may fail to estimate skew angles of
documents containing complicated layouts with multiple
font styles and sizes, arbitrary text orientation and script,
or high proportion of non-text regions such as graphics and
tables.

Hashizume et al.[5] first proposed a nearest-neighbor
based method. The connected components are detected
first. The direction vector of all nearest-neighbor pairs
of connected components are accumulated in a histogram,
and the peak in the histogram gives the dominant skew.
This method is generalized by O’Gorman[6], in which the
nearest-neighbor clustering is extended to K neighbors for
each connected components. Because of the use of K
neighbors connection that may be made across text lines,
the resultant histogram peak may not be very accurate
generally. Jiang et al.[7] proposed a method based on a
nearest-neighbor clustering paradigm, in which the local
clustering process is focused on a subset of plausible
neighbors. A least-square line fitting is performed on these
plausible neighbors, and the skew angle associated with the
straight line is used to build up a histogram. The peak in the
histogram is then regarded as the skew angle of the input
document image. The algorithm proposed by Liolios et
al.[8] attempted to group all components that belong to the
same text line into one cluster. Because the average height
and width of the components are applied in the process, the
method can only cope with documents with a rather uniform
font size.

Although the nearest-neighbor based methods do not
require the presence of a predominant text area or are
not subject to skew angle limitation, the accuracy of
these methods is not perfect. One reason is the effect
of the nearest-neighbor pairs containing one ascender or
descender that leads to the connection lines being not
parallel to the text orientation. The other reason is
caused by the small distance and positional perturbations
of nearest-neighbor pairs.
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To achieve a more accurate skew angle estimation,
an improved nearest-neighbor based approach is proposed
in this paper.  Size restriction is introduced to the
detection of nearest-neighbor pairs. Then the chains
with a largest possible number of nearest-neighbor pairs
are selected, and their slopes are computed to give
the skew angle of document image.  Experimental
results on various types of documents containing diverse
layouts show that the proposed method has achieved an
improved accuracy for estimating document image skew
angle. We also demonstrate that the proposed approach
has language-independent capability, especially it is able
to process the documents with different languages and
different text orientations appearing on the same image.

2. Skew Estimation Algorithm

First of all, all of the connected components in a
document image are detected by a connected component
analysis algorithm. It is noteworthy to mention that if one
connected component is encompassed by another one, they
can be merged straight away because they belong to the
same character.

The positional characteristics of each component are
obtained and are utilized in the subsequent steps to estimate
skew angles. For a component C}, its centroid is represented
by (z¢;,Ye;), the upper-left and bottom-right coordinates
of the rectangles enclosing the component are denoted by
(z1;,yt;) and (z,,,yp,) respectively, and its height and
width are represented using h.; and w,, respectively.

The centroid distance and gap distance between two
components are defined as follows.

Definition 1 The centroid distance between two
components C; and Cs is defined as:

dC(Cl,Cg) = Ax + Ay

where Az = |z, — T, | and Ay = Yo, — Yeo|-
Definition 2 The gap distance between two components
C1 and C is defined as:

max(l.lz = Trys Ty — 1.7‘2)
if Az > Ay

maz(Ye, — Yoy > Yt — Ybs)
if Ay > Ax

d9(01’02) =

The definition of nearest neighbor is given as follow:

Definition 3 Component C> is the nearest-neighbor of
component C; ([C1, Cs] is a nearest-neighbor pair), if
(Dhe, =~ he, for Az > Ay, or w., ~ w,, for Ay > Az
2)Cyy > Cy, for Az > Ay, or Cy, > C,, for Ay > Az
(3)dc(01 ) 02) = Igrlr? dc(cly Cm)

4) dg(C1,C5) < B-max(he,, he,)
where (3 is a constant, and is set as 1.2 empirically.

Then, the adjacent nearest-neighbor pairs will produce
a nearest-neighbor chain if they have similar heights or
widths.

Definition 4 K-nearest-neighbor chain(/K-NNC)
is defined as a string containing K components
[C1,Ca,...,Ck],in which C;4; is the nearest-neighbor of
Cifori=1,2,..., K —1.

According to the definition, a document image can be
decomposed into several different planes each consisting of
the NNCs with a constant K. Figure 1 gives two document
images(one is English document and the other one is
Chinese document), in which the connected components
have already been enclosed in circumscribing rectangles.
Figure 2(a-c) and Figure 3(a-c) illustrate their K-NNCs
with respect to K = 2, K = 3, and K > 4 respectively.
For brevity of presentation the K-NNCs for all K > 4 are
shown here in one figure.

Figure 2(d-f) and Figure 3(d-f) demonstrate the NNCs’
connection lines of Figure 2(a-c) and Figure 3(a-c)
respectively. We can see that the angles of these slope lines
reflect the document skew by and large, especially for those
with larger K . The slope of a K-NNC is defined as:

Definition 5 Suppose S = [C\) (... C\P]is
the nth K-NNC(n = 1,2,..., N), its slope is defined as

(@) — 2 /(i) — i)

(n) _ if iﬂgf) - iﬂgrf) < yé’,}) - yg?)

slopey’ = n n " -
K W& =yt /(@) — i)

(n) (

if (™ — gy < g _ g

— !

For a constant /', we can obtain the mean or median
of the slopes of its all NNCs. The value can be used
to represent the skew of the document. We make use
of the value with respect to a larger K as the document
skew value, subject to the condition that the number of the
extracted K-NNCs is greater than a predefined threshold.
The threshold used here is to guarantee there are sufficient
NNC:s for the particular K, with the purpose of avoiding the
effect of noise.
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Figure 1. Document images in which

connected components have been bounded:
(a)English document (b)Chinese document
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Figure 2. NNCs of Figure 1(a): (a)K=2 (b)K =
3 (¢) K > 4 (d) connection lines for K=2 (e)
connection lines for K=3 (f) connection lines
for K >4
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Figure 3. NNCs of Figure 1(b): (a)K=2 (b)K =
3 (¢) K > 4 (d) connection lines for K=2 (e)
connection lines for K=3 (f) connection lines
for K >4

The skew angle estimation algorithm is summarized as
follows:

(1) Detect all of the connected components in the
image, and merge the two connected components if one is
encompassed by another one.

(2) Detect the nearest neighbor of each component,
according to Definition 3. Note that some components may
not find nearest neighbors as mentioned earlier.

(3) Identify nearest-neighbor chains according to
Definition 4.

(4) Initialize K as the largest number of components in
all of the NNCs generated from step 3.

(5) Calculate the number(/N) of K-NNCs.

(6) If N is greater than a predefined threshold(it is set as

3 experimentally), go to step 7; Otherwise K = K — 1, go
to step 5.

(7) Compute each K-NNC’s slope slopeg?) (n =
1,2,..., N) according to Definition 5.

(8) Obtain the document slope Sp using the mean or
median of the slopes from step 7.

(9) Calculate the skew angle 8 = arctan(Sp) * 180/x.

3. Experimental Results

To verify the validity of the approach proposed in this
paper for estimating skew angles of document images, the
experiments have been conducted on a wide variety of
documents with diverse layouts and varying degrees of
skew angles. These documents include not only text, but
also graphics, tables, diagrams, mathematic formulas. 280
tested document images are used in the experiments. Of
these, 32 documents are selected from the UW English
document image database, and 78 documents are collected
from scanned students’ theses(NUSST database) provided
by the Digital Library of our university, 4 documents are fax
images. The skew of these documents is normally small,
e.g within [-10°,4+10°]. We also scanned 6 documents
from Chinese newspapers with a resolution of 100 DPI,
which contain some tables or graphics as well. Besides
Chinese text, some documents contain English text too. The
horizontal and vertical text lines may appear within one
document, and may be either simplified Chinese characters
or traditional Chinese characters. Additionally, we scanned
3 Tamil documents for further testing the capability of
handling different scripts. These scanned document images,
as well as some selected from the UW database and NUSST
database, are then deliberately rotated at various preselected
angles in both clockwise and anti-clockwise directions
ranging from —45° to +45°, using Adobe Photoshop. 166
document images are obtained through this way.

Shown in Figure 4 are some samples of the tested
images. It can be found from Figure 4(a) that the algorithm
can effectively estimate skew angle of the documents with
graphics. In Figure 4(b), the dominant area is a table, and
less than 10% of the image are textual. The proposed
method is able to deal with it correctly. Figure 4(c) is
a document collected from a Chinese newspaper, which
contains both Chinese and English that appear in horizontal
or vertical text orientations. The proposed algorithm has
been found to be quite successful in coping with such
documents with both Chinese and English text in different
orientations(horizontal and vertical). Figure 4(d) further
illustrates an example of processing a document of Tamil
language. The experimental results confirmed that the
proposed approach can successfully detect the skew angle
of all tested documents.

Table 1 shows some typical results of estimating skew
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Figure 4. Examples: (a)Document with
dominant graphics(Estimated skew angle is
24.13° while actual skew is 24°) (b)Document
with tables(Estimated skew angle is —17.78°
while actual skew is —18°) (c) Document with
English and Chinese, horizontal and vertical
text orientations(Estimated skew angle is
—10.18° while actual skew is —10°) (d) Tamil
document(Estimated skew angle is 7.92°
while actual skew is 8°)

angles achieved by the proposed method using both mean
value and median value. It can be seen from the table that
all of the estimated skew angles by the proposed approach
using median value match very close to the actual skew
angles. Generally, the median method is superior to the
mean method, especially for those with small skew angles.
The reason is that the averaging operation used in the mean
method is more sensitive to noise if the actual skew angle
is small(near 0°). As a comparison, the results by the
classical NN based method(Hashizume’s method[5])and
the improved NN based method(Jiang’ method[7]) are also
listed. We can see that the proposed methods outperform
the existing methods in most cases. Hashizume’s method

Table 1. Some typical results of estimated
skew angles(all in degree)( A: Hashizume’s
method, B: Jiang’s method, C: The proposed
method using mean value, D: The proposed
method using median value)

Actual

Angle A B C D
40 45.0000 | 38.9782 | 39.1299 | 39.5226
30 26.5651 | 29.1756 | 30.0396 | 30.6773
20 21.8014 | 20.6920 | 20.3154 | 20.5310
10 10.7843 9.8485 9.8444 9.8379
5 5.4403 49617 49732 4.9760
2 0.0000 2.0934 3.0011 2.0034
-2 0.0000 -1.9412 -1.4391 -1.9606
-5 -5.7106 -4.9063 -6.2206 -5.1944
-10 -9.4623 | -10.5371 | -10.9321 | -10.4375
-20 -18.4349 | -19.2619 | -19.8427 | -19.8861
-30 -26.5651 | -29.4423 | -30.4917 | -30.2564
-40 -39.5597 | -39.5675 | -39.8317 | -39.9576

is less accurate for almost all skew angles. The method
tends to fail in estimating small skew angles(near 0°) and
large skew angles(near 45°). This is caused by the angle
computation using small distance of nearest-neighbor pairs
in the method, which produces a sharp peak at zero degree
or 45 degree in many cases.

To compare the effect of different K(the number of
components in nearest-neighbor chains), the mean and
maximum of absolute error on the tested documents, are
tabulated in Table 2(the median values are applied here). As
a comparison, the performance achieved by Hashizume’s
method and Jiang’s method are also given. To be fair, the
results on Chinese documents are not included, because
these methods fail to estimate the skew angles of most
Chinese documents. It is observed that, the accuracy
improves with the use of larger K. Even for K=2,
the proposed method is superior to Hashizume’s method,
because the proposed method benefits from the strict
constraint for extracting nearest-neighbors. For K > 4, the
performance achieved by the proposed method outperforms
that achieved by Jiang’s method.

The  typical processing time required to
estimate the skew angles for the images of UW
database(2592 x3300pixels) is about 2s on a Pentium
IIT 650MHz PC. It have been found that over 99% of
the processing time was used to identify the connected
components. As a matter of fact, the detection of connected
components is a necessity in almost all document analysis
systems. The computation is therefore a required cost
regardless of the skew detection method to be used. The
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Table 2. Mean and maximum of absolute error
obtained by different methods(all in degree)

Method Mean | Maximum
Hashizume’s method 1.8998 9.3942
Jiang’s method 0.5217 1.7528
Proposed Method(K=2) | 1.1920 4.4259
Proposed Method(K=3) | 0.5144 1.8340
Proposed Method(K > 4) | 0.3235 0.5691

computational cost of detecting the connected components
should not be counted in, when the time complexity of
estimating skew angle is calculated. Thus, the proposed
method is quite fast.

4. Conclusions

An improved nearest-neighbor based approach is
proposed in this paper to automatically estimate skew
angles in document images. To develop an algorithm
with high accuracy, size restriction is introduced while
detecting nearest neighbor pairs. Then the chains with
a largest possible number of nearest-neighbor pairs are
selected, and their slopes are computed to give the skew
angle of document image. Experimental results on various
types of document containing different linguistic scripts and
diverse layouts show that the proposed method has achieved
a promising performance and an improved accuracy for
estimating document image skew angle. The proposed
method can successfully detect skew angles of different
documents, without the skew angle limitation, and without
the requirement of predominant text area. It is able to
deal with documents of different scripts and even different
text orientations appearing on the same image. Thus, it is
capable of solving the skew problem in the most general
sense.
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