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Abstract

A nearest-neighbor chain (NNC) based approach is proposed in this paper to develop a skew estimation method

with a high accuracy and with language-independent capability. Size restriction is introduced to the detection of

nearest-neighbors (NN). Then NNCs are extracted from the adjacent NN pairs, in which the slopes of the NNCs with a

largest possible number of components 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 ap-

proach has achieved an improved accuracy for estimating document image skew angle and has an advantage of being

language independent.

� 2003 Elsevier B.V. All rights reserved.
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1. Introduction

With the progress of OCR technique, many

commercial document analysis systems have been

introduced to the market. To improve the system

capability, especially of dealing with complicated

layouts and diverse scripts, there has been an

increased interest in document layout analysis
recently. An efficient and accurate method for

determining document image skew is an essential

need, which can simplify layout analysis and im-
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prove character recognition. In fact, most docu-

ment analysis systems require a prior skew

detection before the images are forwarded for

processing by the subsequent layout analysis and

character recognition stages.

An optical scanner is usually used to acquire a

document image prior to the document analysis

steps. Skew-free image is the need for many
document analysis systems. However, introduc-

tion of a certain skew is generally inevitable for a

document image. It is true for either manual or

automatic handling of digitization process, be-

cause the document may not be properly placed

on or fed into the scanner. Skew estimation and

correction are therefore required before the actual

document analysis is done. Inaccurate de-skew
erved.
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will significantly deteriorate the subsequent pro-

cessing stages and may lead to incorrect layout

analysis, erroneous word or character segmenta-

tion, and mis-recognition. The overall perfor-

mance of a document analysis system will thereby

be severely decreased due to the skew.
In addition, automatic skew detection and

correction also have practical value in improving

the visual appearance for facsimile machines and

duplicating machines. Ideally, a skewed input

could be automatically corrected to produce a

desirable output in the machines for more pleasant

reading.

A number of methods have previously been
proposed for identifying document image skew

angles. A survey was reported by Hull (1998). In

recent years, more attempts have been made on

this issue. The main methods proposed in the lit-

erature may be categorized into the following

groups: (1) methods based on projection profile

analysis (Bloomberg et al., 1995; Postl, 1986;

Baird, 1995; Messelodi and Modena, 1999; Liolios
et al., 2002), (2) methods based on nearest-neigh-

bor (NN) clustering (Hashizume et al., 1986;

O�Gorman, 1993; Jiang et al., 1999; Liolios et al.,

2001), (3) methods based on Hough transform

(Srihari and Govindraju, 1989; Jiang et al., 1997;

Amin and Fischer, 2000; Pal and Chaudhuri,

1996), (4) methods based on cross-correlation

(Yan, 1993; Chaudhuri and Chaudhuri, 1997;
Chen and Ding, 1999), (5) methods based on

morphological transform (Chen and Haralick,

1994; Das and Chanda, 2001).

Except for the NN 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 lay-

out. As a result, some of them may fail to estimate
skew angles of documents containing complicated

layouts with multiple font styles and sizes, arbi-

trary text orientation and script, or high propor-

tion of non-text regions such as graphics and

tables.

Hashizume et al. (1986) first proposed a NN

based method. The connected components are

detected first. The direction vector of all NN 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 (1993), in which the NN 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. (1999) proposed a method

based on a NN 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. (2001) attempted to group all com-

ponents 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 NN 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 NN 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 posi-

tional perturbations of NN pairs.
Furthermore, the existing NN based methods

concentrated on western languages, especially on

English documents, whereas few relates to oriental

languages such as Chinese documents. The orien-

tal languages are quite different from the western

languages from the view point of document image

processing. Thus, a method developed for pro-

cessing western language documents is not neces-
sarily applicable to Chinese documents. For

example, unlike Roman characters, many Chinese

characters have more than one connected com-

ponent. The connected components within one

character may be erroneously taken as a NN pair

by the NN based methods.

To develop a skew angle estimation method

with an improved accuracy and language-inde-
pendent capability, a NN chain (NNC) based ap-

proach is proposed in this paper. Size restriction is
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introduced to the detection of NN. Then NNCs

are extracted, in which the slope of the NNCs with

a largest possible number of components is com-

puted to represent the skew angle of the 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 approach is

able to process Chinese documents with either

horizontal or vertical text orientation, even the

documents with different languages and different

text orientations appearing on the same image.
2. Motivations of the proposed approach

Compared with the other methods, the NN

based approaches have their advantages. For ex-

ample, the other methods usually can only deal

with rather small skew angles, e.g. ½�15�;þ15��,
whereas the NN based methods have not any of
such limitation. Furthermore, unlike the other

methods, the approaches based on the NN clus-

tering do not require a dominant text area to be

present in order to work properly.

However, the accuracy of the NN based meth-

ods are effected by the NN pairs whose connect

lines are not parallel to the text orientation. For

example, in English documents, if a NN pair
consists of an ascender and a descender, its con-

nection line is absolutely not parallel to the text

line, as the pairs �pl� and �ly� in Fig. 1(a). It is also

true if one is an ascender or a descender and the

other one is a x-height character, such as the pairs

�mp�, �le�, �et�, �te� and �el� in Fig. 1(a).

In Chinese documents, many Chinese charac-

ters generate more than one connected component.
Fig. 1. NN pairs and NNCs: (a) English, (b) Chinese.
If one component is encompassed by another one,

they can be merged straight away. But there are

still two or more components with upper-lower or

left-right relations in a character. It is not easy to

merge these components to bound a character in

many cases. As a result, the components within
one character may erroneously produce a NN

pair. In general, these NN pairs are not parallel to

the text orientation, as shown in Fig. 1(b).

Obviously, the NN pairs that are not parallel to

the text orientation will decrease the accuracy of

skew estimation. Investigations find that most of

these NN pairs consists of the components with

different size. If size constraint is utilized in the
detection of NN pairs, many of the them will be

ruled out straight away. Furthermore, if we group

the adjacent NN pairs with similar heights/widths

into a NNC, like �com� in Fig. 1(a), the NNCs with

a larger number of components are generally

parallel to the text lines, as shown in Fig. 1(a) and

(b).

The definition of NNC will be discussed in the
next section in detail. It is obvious that the slope of

the NNC with a larger number of components will

result in better skew angle estimation, benefiting

from both the long distance between centroids of

NNC�s first and last components and the relatively

small positional perturbation.

We use K-NNC to represent a NNC with K
components. To investigate the relationship be-
tween K and the attribute of the connection line

(whether parallel to the text line), we test 1000 text

documents selected from the Reuters collection

(Reuters-21578) which is widely used by the text

retrieval community. The statistic result is shown in

Table 1, in which PL denotes that the connection

lines of the NNCs are parallel to text orientation,

whereas NPL indicates otherwise. Likewise, a test
result on 200 Chinese text documents selected from

the corpus Renmin Ribao (LDC95T13) is given in

Table 1 too. Note that, with the strict condition

fordetecting NN pairs, 43.86% of English charac-

ters and 57.71% of Chinese characters will not be

able to find their NN.

It can be found from Table 1 that the connec-

tion lines of all K-NNCs are parallel to the text line
if K is larger than 4. Although the test is done on

text documents, the result is basically true for



Table 1

Statistic results of PL and NPL with respect to K

No. of elements in NNC(K) 2 3 4 5 and above

English PL 51.8027% 22.2463% 12.8361% 6.8514%

NPL 5.3996% 0.8639% 0.0000% 0.0000%

Chinese PL 40.5307% 27.0148% 10.1712% 6.7785%

NPL 15.3992% 0.1056% 0.0000% 0.0000%
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document images on the whole. Motivated by this
observation, we can extract the K-NNCs with

larger number of components, and then estimate

the document skew angle using the slope of these

K-NNCs. There are many advantages to use the

NNCs with a larger K for estimating document

skew angles. First, it can avoid the bad-effect of

those K-NNCs whose connection lines are not

parallel to the text line. Second, the larger K-
NNCs have longer distance connection lines which

can reduce the sensitivity of positional perturba-

tions.
∆y
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C2
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Fig. 2. Skew angles: (a) Dx > Dy, (b) Dx < Dy.
3. Skew estimation algorithm

First of all, a connected component detecting

algorithm is applied to get all of the connected

components in a document image. 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 merger is a necessity for processing

Chinese document images, because many compo-

nents of Chinese characters are encompassed by

another one.

LetM be all of the components in the document

image. The positional characteristics of each

component are obtained and are utilized in the
subsequent steps to estimate skew angles. For a

component Ci, its centroid is represented by

ðxci ; yciÞ, the upper-left and bottom-right coordi-

nates of the rectangles enclosing the component

are denoted by ðxli ; ytiÞ and ðxri ; ybiÞ respectively,

and its height and width are represented using hci
and wci respectively.

The centroid distance and gap distance between
two components are defined as follows.
Definition 1. The centroid distance between two

components C1 and C2 is defined as:

dcðC1;C2Þ ¼ Dx2 þ Dy2

where Dx ¼ jxc1 � xc2 j and Dy ¼ jyc1 � yc2 j, as in

Fig. 2.

Definition 2. The gap distance between two com-

ponents C1 and C2 is defined as:

dgðC1;C2Þ ¼
maxðxl2 � xr1 ; xl1 � xr2Þ if Dx > Dy

maxðyt2 � yb1 ; yt1 � yb2Þ if Dy > Dx

(

The definition of NN is given as follow:

Definition 3. Component C2 is the NN of com-
ponent C1 (½C1;C2� is a NN pair), if Dx > Dy, and

(1) hc1 ’ hc2
(2) Cx2 > Cx1

(3) dcðC1;C2Þ ¼ min8m2fM�C1g dcðC1;CmÞ
(4) dgðC1;C2Þ < b �maxðhc1 ; hc2Þ

or if Dy > Dx,

and
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(1) wc1 ’ wc2

(2) Cy2 > Cy1

(3) dcðC1;C2Þ ¼ min8m2fM�C1g dcðC1;CmÞ
(4) dgðC1;C2Þ < b �maxðwc1 ;wc2Þ

where b is a constant, and is set as 1.2 empirically.

Then, the adjacent NN pairs will produce a

NNC if they have similar heights or widths.

Definition 4. K-NN chain (K-NNC) is defined as a

string containing K components ½C1;C2; . . . ;CK �, in
which Ciþ1 is the NN of Ci for i ¼ 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.
Fig. 3 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. Figs.

4(a)–(c) and 5(a)–(c) illustrate their K-NNCs with

respect to K ¼ 2, K ¼ 3, and K P 4 respectively.
For brevity of presentation the K-NNCs for all

K P 4 are shown here in one figure.

Figs. 4(d)–(f) and 5(d)–(f) demonstrate the

NNCs� connection lines of Figs. 4(a)–(c) and

5(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 SðnÞ ¼ ½CðnÞ
1 ;CðnÞ

2 ; . . . ;CðnÞ
K � is

the nth K-NNC ðn ¼ 1; 2; . . . ;NÞ, its slope is de-

fined as
Fig. 3. Document images in which connected components have

been bounded: (a) English document, (b) Chinese document.

slope
ðnÞ
K ¼ ðxðnÞck

� xðnÞc1
Þ=ðyðnÞck

� yðnÞc1
Þ if xðnÞck

� xðnÞc1
< yðnÞck

ðyðnÞck
� yðnÞc1

Þ=ðxðnÞck
� xðnÞc1

Þ if yðnÞck
� yðnÞc1

< xðnÞck

(

For a constant K, 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 suf-

ficient NNCs for the particular K, with the pur-

pose of avoiding the effect of noise.

The skew angle estimation algorithm is sum-

marized as follows:

(1) Detect all of the connected components in the

image, and merge the two connected compo-

nents if one is encompassed by another one.

(2) Detect the NN of each component, according

to Definition 3. Note that some components

may not find NN as mentioned earlier.

(3) Identify NNCs according to Definition 4.
(4) Initialize K as the largest number of compo-

nents 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; Other-

wise K ¼ K � 1, go to step 5.

(7) Compute each K-NNC�s slope slope
ðnÞ
K ðn ¼

1; 2; . . . ;NÞ according to Definition 5.
(8) Obtain the document slope SD using the mean

or median of the slopes from step 7.

(9) Calculate the skew angle h ¼ arc tanðSDÞ�
180=p.
� yðnÞc1

� xðnÞc1
4. Experimental results

To verify the validity of the approach proposed

in this paper for estimating skew angles of docu-
ment images, the experiments have been conducted

on a wide variety of documents with diverse lay-

outs 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



Fig. 4. NNCs of Fig. 3(a): (a) K ¼ 2, (b) K ¼ 3, (c) K P 4, (d) connection lines for K ¼ 2, (e) connection lines for K ¼ 3, (f) connection

lines for K P 4.

Fig. 5. NNCs of Fig. 3(b): (a) K ¼ 2, (b) K ¼ 3, (c) K P 4, (d) connection lines for K ¼ 2, (e) connection lines for K ¼ 3, (f) connection

lines for K P 4.
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these, 32 documents are selected from the UW
English document image database (Phillips et al.,

1993), and 78 documents are collected from scan-

ned students� theses (NUSST database) provided

by the Digital Library of our university, 4 docu-
ments are fax images. The skew of these docu-
ments is normally small, e.g. within ½�10�;þ10��.
We also scanned 6 documents from Chinese

newspapers with a resolution of 100 DPI, which

contain some tables or graphics as well. Besides
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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 Chi-

nese characters. Additionally, we scanned 3 Tamil

documents for further testing the capability of
handling different scripts. These scanned docu-

ment images, as well as some selected from the

UW database and NUSST database, are then de-

liberately rotated at various preselected angles in

both clockwise and anti-clockwise directions

ranging from )45� to +45�, using Adobe Photo-

shop. 166 document images are obtained through

this way.
Shown in Fig. 6 are some samples of the tested

images. It can be found from Fig. 6(a) that the
Fig. 6. Examples: (a) Document with dominant graphics (es-

timated 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 (es-

timated skew angle is 7.92� while actual skew is 8�).
algorithm can effectively estimate skew angle of

the documents with graphics. In Fig. 6(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. Fig. 6(c) is a document col-

lected from a Chinese newspaper, which contains
both Chinese and English that appear in hori-

zontal 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 (hori-

zontal and vertical). Fig. 6(d) further illustrates an

example of processing a document of Tamil lan-

guage. The experimental results confirmed that the
proposed approach can successfully detect the

skew angle of all tested documents.

Table 2 shows some typical results of estimating

skew 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 et al., 1986) and the improved

NNbasedmethod (Jiang et al., 1999) are also listed.
We can see that the proposed methods outperform

the existing methods in most cases. Hashizume�s
method 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 NN pairs in the method, which pro-

duces a sharp peak at 0� or 45� in many cases.
To compare the effect of different K (the num-

ber of components in NNCs), the mean and

maximum of absolute error on the tested docu-

ments, are tabulated in Table 3 (the median values

are applied here). As a comparison, the perfor-

mance 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



Table 2

Some typical results of estimated skew angles (all in degree)

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 4.9617 4.9732 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

A: Hashizume�s method.

B: Jiang�s method.

C: The proposed method using mean value.

D: The proposed method using median value.

Table 3

Mean and maximum of absolute error obtained by different methods (all in degree)

Method Mean Maximum Standard deviation

Hashizume�s method 1.8998 9.3942 2.6891

Jiang�s method 0.5217 1.7528 0.7912

Proposed method (K ¼ 2) 1.1920 4.4259 1.4910

Proposed method (K ¼ 3) 0.5144 1.8340 0.7409

Proposed method (K P 4) 0.3235 0.5691 0.3576

Table 4

Typical time required for the skew angle estimation

Image dimension Connected components (ms) Angle estimation (ms) Overall (ms)

1170� 863 5481 7 5488

1301� 1156 6779 14 6793

2056� 1280 9208 69 9277

3300� 2592 21,983 127 22,110
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that, the accuracy improves with the use of larger
K. Even for K ¼ 2, the proposed method is supe-

rior to Hashizume�s method, because the proposed

method benefits from the strict constraint for ex-

tracting NN. For K P 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 using the median values in the
proposed method for the images of different sizes

is tabulated in Table 4, in which the values are

obtained on a Pentium III 650 MHz PC operating
under Windows 98 and VC++6.0. It can be seen
from the table that over 99% of the indicated time

was used to identify the connected components in

all cases. 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 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.
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5. Conclusions

A NNC based approach is proposed in this

paper to automatically estimate skew angles in

document images. To develop an algorithm with
high accuracy and with the ability of dealing with

documents of different languages, size restriction is

introduced while detecting NN. Then NNCs are

extracted, in which the slope of the NNCs with a

largest possible number of components is com-

puted to represent 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 docu-

ment image skew angle. The proposed method can

successfully detect skew angles of different docu-

ments, without the skew angle limitation, and

without the requirement of predominant text area.

It is able to deal with documents of different scripts
such as English, Tamil and Chinese. Thus, it is

capable of solving the skew problem in the most

general sense.
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