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Skew Estimation and Correction in Text Images using Shape Moments
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Abstract

In this paper efficient skew estimation and correction
approaches are proposed. To detect the skew of text
images, Hough transform using the perpendicular angle
view property and shape moments are performed. The
resultant primary text skew angle is used to align the
original text. The performance evaluations of the proposed
methods with respect to running time are shown.

l. Introduction

Images convey vast amounts of information and many
images contain embedded or overlaid text. The text in this
image may be as meaningful as the image itself. For
coding or understanding document images it is essential
to identify and possibly separate text, images and
graphical regions into physically distinct segments of the
page in order to be able to process them properly{1],(2].
One of complexity of document processing is thought of
as the skew angle detection on embedded or overlaid text
images since graphical or picture objects in images may
affect to the skew angle without regarding text skew. Most
existing page segmentation algorithms do not handle text
images with skew{4][5]. Yu and Jain designed a skew
detection algorithm using hierarchical Hough transform to
connected components{6]. C.L. Tan[7], however, computes
the orientation of fext strings without using Hough
transform whereas they calculate the angle by arctan
computation on the centers of a pair of connected
components. Some existing methods{10],[11,][12] are
capable of detecting only a limited angle range from 5 to

45 while other methods[13][14] can detect an arbitrary
skew angles.

Two skew detections focusing on embedded text images
into other objects as well as document images are
proposed in this paper. In the first method, text is noted
to be able to be aligned any orientation with skew angles.
Highly accumulated angles might have angle distance 90o,
perpendicular angle view made by vertical and horizontal
stroke in text images. Perpendicular angle view sufficiently
provides peak detection after mapping the image space
into Hough space. In the second method, shape moments
are be adapted in order to compute fast skew estimation
in text images. Shape moments provide efficiently useful
and fast features in detecting a skew angle. By
experiments, the performance comparison is given with
respect to running time complexity.

Il. Methods
The first method is primarily based on recognition of

perpendicular angle view in edge points from text images.
In order to explore candidate skew angles, Hough
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transform is used to map edge image space into Hough
space. Shadow vector and Threshold Projection are
introduced as significant procedures.  Another proposed
method is using shape moments to derive the skew in
text images, which is faster than the first method.

1. Skew and Perpendicular Angle View

Skew angle is defined as shown Fig. 1, where @,
is the angle with respect to the vertical x axis. Text in
images may be aligned horizontally, which results in the
concept of angle view. This illustrates how text angles
relate to angles detected as shown in Fig. 1. The skew

angle @, frequently hinders extracting accurate text
region in images as preprocessing steps to recognition.

Fig. 1. Skew angle &, and Relation between
Perpendicular Angle View and Text images

The main idea of the method is based on the principles
of perpendicular angle view that text images almost carry.
On the edge images, high appearance of edge points on
the strokes can be seen as shown in Fig. 1. Those cross
stroke edge fines has 900 angle distance called
Perpendicular Angle View. These features are mainly dealt
with as fundamental starting point to the next process.
Even if there exist many straight lines at various angles
in text images, the angle views &, and §, can be
identified specifically as shown in Fig. 1. These angles
can be used to transform edge image properly. Hough
transform not only extracts line segments but also detects

non-continuous  coflinear points. However, that may not
guarantee 1o provide a way to detect an accurate skew

angle. Hence, a way to detect angles §, and 4,
which are orthogonal is derived.

2. Functions of the angle

Generally speaking, edges are defined as the boundary
between two regions with relatively distinct gray levels.
Hough transform is well known for detecting straight lines
in various low level image processing applications. All
points at a staight fine in image space can be
represented by one point in which the angle § and the

dstance o are called normal representation of a line.
Hough Transform maps edge points in the image space
into an accumulator array representing H{(&, 0)[3}181[9).
As the edge points are highly accumulated along the
strokes in text, these features can be seen as maximum
number of occurrences on the Hough matrix along angle
direction called Shadow Vector, P (4) in the equation
(1). if there are more frequencies at the angle, then more
points at the straight line in image space could be
assumed. The angle and distance can be identified by
noting this simple fact But, multiple peaks may be
detected in an accumulator amay since the main angle
may not necessarily to be the maximum peak. From this
observation, a threshold for frequencies of angles is set
up to retain the angles greater than the threshold in
H(8, p). The summation of the frequency over angles
after thresholding called Threshold Projection Vector
P (6) in the equation(3) offers the solution of proper
main text angle.

P (&) =max ,H(6, p) M
PO)= 33 H©, o) ®
PAO)= 2 uH(6,0) 1 DH(O, 0)
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where 7,4 is the threshold value and H(9, o),
Hough matrix of the image,

1<p<max ,=V N2+ MZ% for a fixed 6 with
image size NX M. Also

0 otherwise

The final goal is to find the angle associated with a
straight line, which should be easily detected. To do that,
the summation along angles in the Hough matrix after
thresholding on the number of occurrence in the Hough
malrix is needed to be computed. This implies that the
angle density is high at the spedific angle. This line offers
many intersection points at the specified angle. In order to
extract an useful angle from the Hough matrix, various
cne dimensional function of the angle derived from the
Hough matrix is utlized. Some of the functions indude
the equations(2), (3) and (4).

3. Peak Detection, Angle Projection and Skew

Angle

A pemendicular angle view in text is useful for
detecting peaks since a perpendicular angle has a 900
difference between the two angles( 4 , and 4 ). To find
the angles, a peak detection mask is implemented such
as PeakMASK=-1 2 1 0 0.0.0 -1 2 AT,
where the total number of entries is 90. This mask
extracts peaks that have a distance of 900 by

investigating the shadow P ((6) which displays only the
maximum number of occurrences at angles. Sequentially,

PeakMASK is convoluted at the range of angles (0+n-1)
to (80+n-1). For example, PeakMASK is applied from 0

to /2 on the maximum number of occurrence of each
angle in Fig. 2(a) to find the peak candidates. The
resultant peak candidates are visible in Fig. 2 (b) at g »
=10 which automatically implies another peak at @ »
=100 due to the 900 angle distance at PeakMASK. These

two peaks are used to determine

The main skew angle between the two peaks are
determined by counting the number of occurrence at
both angles. The results of the counts are obtained by

threshold projection, P .(6) aong angles at Hough
matix H(4, o).

Fig. 2. (@Maximum number of occurrence at each angle
(b) Peak detection after applying PeakMask

Hough matrix H(6, p) may contain many high values
a the angle 4, but none of such angles may be the
maximum value. That means the maximum peak do not
necessarily represent the main angle. Hence, a threshold
is chosen from H(@, p) then only the
summation of the number of occurrence of those values
which is greater than the threshold along the angle 6,
called projection, is computed.
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Fig. 3. Threshold Projection on Peak candidates:
0,=10and 6, =100 in Fig. 2
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By this process, the peak over threshold projection
P (6), can be picked and mainly skew angle can be
properly computed. By choosing the threshold value using
the number of occurrences, angle &, could be correctly
selected, since text lines hold many vertical strokes la as
shown in Fig. 1.

Higher values at the Hough matix imply more
intersection points at sinusoidal curves indicating a line
existence in the image space. The higher peak between
G,ad 6§, in the angle projection matix P .(4)
directly represents the mainly skew angle in the image as
P (6, =100) is higher than,
P (6,=10). Thus, &, is set to 100. By this

procedure, the mainly skew angle @, , which is

shown Fig. 3 :

composed of the x axis and 6 , can be computed.

4, Shape Moments
If the shape moments are known, the skew direction 4
is calculated as follow :

2u

5
M0 Mo ®

_ 1 -1
0= > tan ~ (
where

ta= [ =2 Ny=y ) A, )dxay

and x. and y,. are the region’s center of gravity.
Shape moments are calculated on the edge images. This
method is more efficient than the first method with respect
to running time complexity and simglicity of procedures.

lll. Horizontal alignment of images

For horizontal alignment, all paints in the edge matrix is
transformed by taking two steps as follows. At first, the

combined transformation matrix, 7 Meost, 0 (22— 0)

is computed. Then this combined matrix is used for
transformation, which saves computing tme by time
complexity O(n). The image matrix is rotated by

(/2 —6) radians counter dockwise and translated

Mcos6 units in the x  direction. Then the transformed
image matrix size has been changed from N to

Nsin@+ Mcos6 and from M to  Msin&+ Ncos@
respectively as shown in Fig. 4. The new Nand M is

denoted as, N = Nsin 6+ Mcos8
M= Msin+ Ncosf. M can also be detailed as
M =V N2+ M%cos(tan ~ Y M/N)—6). In
the case of 7/2< 9<, the edge matrix is rotated by
the counter cock wise by A— 7/2 as same as
R (z2-g) and transiated to
Ncos(z— 6)).

y axs with

Fig. 4. Relationship of the new image axes(x.y) to the
original x axes(x,y) and the position of the new
origin Ox'y’ with the skew angle §.

The algorithm performs the transformation of the skew
image as below :

Algorithe : Transformation of skew image - f'(x', y')
Input : N.K, .6 ,fx, y)

Output : f' (x', y')

% New image size

if (8 <np2)
N =Nsin® +  Mosf ;
i =Msinf +  NeosB s

else if (@ >n/2)
N'= Neos@® -n/2) + Meos(n6)
= Neos(m8) +  Meos(8 -/2)
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end if Table 1. Running Time comparisons{documents images of
end if F|g 6)
v, =0 %
ape
) . Hough | OGorman
% Edge transformation Trials| Size | DFI (sec) |& Clowes's M‘():I:Zm 0 0 e
for =0 to -1 Fia 1580583
for v=0 to )1 5(55 AN ECIRIGRRE 093 | 59|60 1
if (6 <1/2) Fig |532X26
= g
x' = xsinf - veos8 + Meosf S0 | 2 %| 2665 68 301 9112011
v = xcosf +ysind Fig | 425X
. y 300] 33.75 1761 6.06 3013190
fx', v')=flx, v) ; 5e) | 337
else if (8 >1/2)
x' = xsind - yeost ; T T T T CToTTTT
, . . | or .75 '
¥' = xcosf + ysind- Neos(n-6) ;& B

f'ix!, v')=fx, v) v

end if
end if
end for
end for

IV. Experimental Results

For the evaluation of the proposed methods, a number
of experiments were camied out. Image files were
captured from a scanner and digital camera. The
experiments were conducted in a MATLAB environment
under Pentium4 Compaq Deskiop workstation. In this
experiments it was found that 10 to 12 point size of text
should be captured with a minimum of 400dpi resolution
since lower resolution cause significant data loss
especidlly with small type fonts. This proposed methods
successfully detect accurate skew angle in any arbitrary
angle. In Fig. 6, (a), (c) and (g) are skew input images
and (b), (d) and (f) rotated and extracted images applying
transformations. Table 1 shows the experimental results in
terms of parameters such size, resolution, skew angle
error denoted by es which can be computed by difference

between the real skewed angle &, and the detected

skew angle @, and the comparison between two
proposed methods with respect to running time in sec.

' s - - . [@Fig. 5(a)]
"2 — 1201 | mFig. 5c)
15 )DFIQ Sle) |
06— !

O'Gorman &
Clowes's(sec.)

Fig. 5. Runnlng time comparison: Hough, O’'Gorman
and Shape moments in sequence.
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Fig. 6. Sample experimental images: (a),(c),(e}.(g), and (i)
are input images with the skew corrected
images(b),(d),(f),(n) and () respectively.

V. Conclusion

A novel skew angle detection algorithms using
perpendicular angle and shape moments are presented.
This work is focusing on figuring out the skew angle
especially on embedded text images into any objects. The
approach proposed here seems to be promising since the
proper principles to identify orthogonal angle view is
followed. Also it shows acceptable experimental results. in
conclusion, shape moments provide the more efficient
running time comparatively.
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