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Robust Skew Estimation Technique Based on Boundary Growing
and Radon Transform

'Manjunath Aradhya V N¥,

Abstract
Document image processing has become an increasingly
important technology in the automation of office
documentation tasks. Automatic document scanners such
as text readers and OCR (Optical Character Recognition)
systems are an essential component of those tasks. Hence,
the problem in this field is that the document to be read
is not always placed correctly on a flat bed scanner,
resulting in a skewed document. Hence in this paper we
present a new skew estimation technique for binary
document images using boundary growing and Radon
transform. This is required to enhance the ability of the
document analysis system through Optical Character
Recognition, The Boundary Growing (BG) is used to
extract the text line from skewed document. The resultant
extracted text line from the skewed document images
are then applied for Radon transform for estimation of
the skew angle. Several experiments have been conducted
on various types of documents such as documents
containing English Documents, Journals, Text-Book,
Text with Picture, Text with Tables, Text with Graphs,
Different Languages, Noisy Images, and Document with
different fonts, Documents with different resolutions, to
reveal the robustness of the proposed method. The

experimental results revealed that the proposed method
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is accurate compared to the results of well-known existing
methods.

Keywaords: Optical Character Recognition (OCR), Skew
Detection, Boundary Growing, Radon Transform,

Document Processing,

1. INTRODUCTION

Over the past two decades, many researchers have
attempted to solve the problem of skewed documents
using various methods. The OCR system works well if
the document is not skewed during the scanning process
and its text lines are strictly horizontal, which is very .
unlikely and hence accurate estimation of skew angle is
invariably involved in OCR based character recognition
system to achieve good recognition rate (Yue Lu and
Chew Lim Tan (2003}, Liolios N et al (2002)). However,
designing simple, efficient and an accurate OCR systeﬁ
which addresses skew estimation problem is still
considered to be a challenging issue.

Existing skew estimation techniques are broadly
classified into four models namely (a) Projection profile
(b) Nearest neighbor clustering (¢) Hough transform and
(d) Interline cross correlation.

The horizontal projection profile, proposed by Hou
(1983), is a histogram of the number of black pixels along
the horizontal lines of a scanned document. For a script
with horizontal text lines, the horizontal projection
profiles have peaks at text lines positions and troughs
between the successive text lines positions. To determine
the skew angle of a document, the projection profile is

computed at number of angles and for each angle, a
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measure of difference of peak and trough height is made.
The maximum difference corresponds to the best
alignment with the text line direction, which in turn
determines the skew angle. Baird (1987) proposed
modifications to this iterative approach for quick
convergence,
Akiyama and Hagita (1990) have described an approach
where the document is partitioned into vertical strips.
The horizontal projection profiles are calculated for each
sirip and from the correlation of the profiles of the
neighboring strips, the skew angle is determined.
Although the proposed method is computationally
inexpensive, it works well if the document is skewed
within +10°,
Pavlidis and Zhau {1991) have proposed a method based
on vertical projection profile of horizontal strips, which
works well if the skew angle is small.
Yan {1993) has proposed cross correlation between the
lines at fixed distances shifted by varying width of strips
in a vertical direction. The correlation for all pairs of
lines in the image is accumulated. The shift for which
‘the accumnulated cross correlation that becomes the
maximum is used for skew angle estimation.
Hashizume et al, (1986) have proposed nearest neighbor
clustering based approach to estimate skew angle of the
document. In their methodology, all the connected
components in the document were exiracted and for each
component, the direction angle of its nearest neighbor is
" estimated. A histogram of the direction angle is computed
and the peak of which indicates the document skew angle.
" The Hough Transform technique is used by Srihari and
" Govindaraju (1989} for skew detection. The basic method
consists of mapping points in Cartesian space (%, y) to
in (p,8)
transformation o = xcosf + ysind . Each time a

sinusoidal curves space via the

sinusoidal curve intersects with another sinusoidal curve
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for a value of p, and 8, there is likelihood that a line

corresponding to that ((p, 8) coordinate value is present

in the original image. An accumulator array is used to

count the numiber of intersections for various p, and 9,

values. The skew angle is then determined by the | values

corresponding to the highest number of counts in the

accumulator array.

In order to reduce the computational cost associated with

processing of each pixel and also irrelevant data, Hinds

et al, {1990) have proposed a method based on the length

of black pixels to reduce the amount of data to be

processed by a Hough transform. Since the aligned

characters at the base line of a text line are sufficient.
enough to compute skew angle, Le et al, (1994) have

considered the bottom pixels of each character to

transform the data to Hough space. However, irrelevant
pixels such as lowernmost pixels of the characters viz., g,

J, p. ¢ and y that are below the base line, lowermost pixels

of the dots of the characters like { and f, and punctuations
marks were considered for transformation purpose which
may result in error in line approximation. Pal and
Chaudhuri (1996) have proposed an improved method
to overcome the drawback of the method proposed by
Le etal, (1994).

Hull J J, (1998} has proved that the document must
contain some amount of text in order to estimate the skew
angle. Based on distributions of pixels of text, the
orientation of the text line is computed.

Hence, there is a need to develop new algorithms, which
takes less time and gives better accuracy in estimating
skew angle for skewed document.

In this paper, we have proposed an algorithm based on
boundary growing approach and Radon transform to
estimate accurately skew angles for skewed documents,
The boundary growing approach is used to extract text

lines present in the scanned document image and the
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extracted text line is subjected to Radon transform to
estimate the skew angles accurately. Radon transform
are used to extract the representations of the images as it
permits to globally detect lineal singularities in an imnage,
which are the most important source of information in
these images [Jain A.X., 2002]. Hence, Radon transform
helps us in estimating the skew angle accurately. The
approaches assume the fact that the space between the
text lines is greater than the space between the words
and the characters. The proposed method works on all
types of documents.

The organization of the paper is as follows. We present
proposed methodologies and their algorithmic models
in section 2. Experimental results are reported in section
3. We give a comparative study of the proposed method
with the well-known existing methods in section 4.
Discussion based on experimental results is given in

section 5. Conclusion is reached at the end.

2. PROPOSED METHOD

This section presents the proposed methodology that is
based on BG, and Radon transform to determine the skew
angle of the scanned document. The method has two
stages. In the first stage, using BG the method cxtracts
the skewed text line of the scanned documents. In the
second stage, the extracted text line using BG is subjected
to Radon Transform to estimate skew angle. The block
diagram of the proposed methodology is given in Fig. 1.

In the following subsections, each stage is explained in

detail.
el Exiracted Text Line
Toommat By ( j L‘Jﬁ Bawungic
R

S L -—-»]#—-—--—-5*-'@1-——»

Fig. 1 Block diagram of the proposed model for
skew angle estimation
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2.1 Boundary Growing Method (BGM)

The method begins with fixing the boundaries for
character in the document using the concept of connected
component labeling Fig. 3 (b). Fig. 3(a) shows the
original image. The boundary for each character is fixed
by scanning the document column-wise and the centroid
of bounding box of a character is computed when the
character is found (Fig 2). The boundary of a character
is allowed to reach pixel of the neighbor-character. This
procedure repeats till end of the text line. The end of the
text line is decided by the space between the lines and
words and characters. The height (H) of each boundary
of characters (Fig. 2} in the text line is computed. The
average height (AVH) is computed which is defined as
the ratio of sum of heights of characters to the number
of characters in the document. The height of the character
is reduced to average height when the height of character
is larger than the average height. Some characters whose
height is less than average height are ignored (H (c) = 0)
in the algorithm 1). This procedure is repeated for all the
text lines present in the document. The height normalized
scanmed document image is shown in Fig. 3 (c). However,
AVH of the characters depends on the number of
characters present in the text line and their sizes. Fig.
3(d) shows the BG applied for height normalized
docurnent. This procedure is repeated for two or three
text lines to estimate skew angle of the whole document.
The extracted text line using Boundary Growing (Fig.
3(e)) is then applied for Radon transform to estimate the

skew angle accurately.

®TT > %
'
Y
Fig. 2 Rectangle is fixed using (X, Y_.)and (X,

Y, ) coordinates of a character
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Fig 3 (¢) Height normalized Skewed document

Fig 3(d) BG applied for height normalized document

.
amerrye |
- Fig 3 (e} extracted fext line

The detailed algorithm of the proposéd method is as

shown below.

- Algorithm 1: Boundary Growing Method

Input: Skewed text document

Output: Text Line

Method

{Normalization of heights of each character]

(a) ldentify the black pixel of i character, say ¢, of the
dqcument by scanming the document column-wise,

(b) Fix the rectangular boundary, say B for ¢, Let (X
Y ) and (X

‘min?

min: max> max

Y ) be the lowermost and ,

170

uppermost coordinates of the fixed rectangular
boundary (Fig. 3).
(c) Compute the centroid C (x, y) for the rectangular

boundary B using the coordinates of the character
+ xmax — ymin + yma:\

2 2
Compute the height of ¢, i.e H,=abs(Y__ -Y )
Repeat the steps from (a) to (d) till end of the

n

c, where * =
(d)
(e)
characters in the document.

(f) Compute the average height i.e.,

Y H,
AVH =5

n
where n is the number of characters processed.
(g) Obtain the Height normalized character say (H (c)))
of i* character.

0
AVH

if H<<AVH Vi=lnrn
H(c)=

if HzAVH Vi=l.n
as (if Height of the character is too less compared
to the average height then we won’t consider for

the skew estimation. That is represented

symbolically by H (c)) = 0.

[Extraction of text line from height normalized
.document image by Boundary Growing]

(h) Repeat the steps (a) to (d). _
Neighbor character of ¢, say ¢ pixel position is
obtained by incrementing corners of B both in X
and Y direction.
)]
Algorithm ends

Repeat the steps (h) to (1) till end of the line.

This procedure is repeated for two fo three text lines in
order to find mean skew angle using radon transform.
2.2 Radon Transform

The Radon transform of a function f{x,y), denoted as

g(s, ), is defined as its line integral along a line inclined
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at an angle , from the y-axis and at a distance s from the
drig'm.

Mathematically, it is written as

g(s,8Y=Rf = Eﬁ R f{x,9)8(xcos @+ ypsin @ - s)dxdy, -
(1)

The symbol R, denoting the Radon transform operator,

0<g<o0, 0<=,<;

is also called the projection opgratof. The function
g(s, 0), the radon transform operator of f{x, y), is the
one-dimensional projection of f{x, y) at an angle 6. In
the rotated coordinate system (s, u), where

s=xcosB+ysinb x=s5cos@—-usinb

Or
u=-xsinO+ycos® y=ssinf+ucosd (2)
Equation 1 can be expressed as
g(s,N= I f(scos@ —usind,ssind +ucos@)du,

(3)

oo<s<oo,02n=6<q

The quantity g(s, 8) is also called a ray-sum, since it
‘represents the summation of f(x,y) along a ray at a

distance s and an angle®”

The radon transform maps the spatial domain (x, y)to
the domain (s, 9). Each point in the (s, 8) space
corresponds to a line in the spatial domain (x, y). Note
that (s, 8) are not the polar coordinates of (x, y). In fact,

if (r, #) are the polar coordinates of (x, y), that is,

X =1 ¢08§ 0, y=rsing 4)
Then from equation 4
s =1 cos (8-9) (5)

For a fixed point (r, @), this equation gives the locus of
all the points in s, 8), which is a sinusoid curve.

The aigbrithm to estimate the skew angle is as follows.

Algorithm 2: Skew angle estimation
Input: Text Line
Qutput: Skew angle
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Method

1. Fori= 1 tor (r = the number of text lines).

(a) Compute the slope angle 8, of the i line using

¥ I=1.. p, where p is the number of Pixel

(X: =Y1)={

coordinates present in the line L.

equation {3) considering (X, Y|) as input.
Next i;

r

¥,

i
i=1

¥

2. Compute the skew angle as where 1 1s

number of lines considered to estimate the skew
angle.

Algorithm ends

3. EXPERIMENTAL RESULTS

This section presents the results of the experiments
conducted to study the performance of the proposed
method. All the methods are implemented on a PIV
machine with 256 MB RAM, 1.4 GHz, under Turbe-C
environment. We have considered different skewed
documents from different sources like journals,
textbooks, newspapers and the like. For experimentation
purpose 20 documents, with eight true skew angles are
considered. Some of the sample images are shown in
Fig. 4(a) to 4(e). Obtained Mean Skew Angle (M),
Standard Deviation (SD) and Mean Computing Time
(CT) taken by the proposed methodology for these 20
documents are reported in Table 1. To further establish
the suitability of our method for document analysis and
understanding purpose, documents with noise,
documents with different resolutions, different textbook
documents and the like are also considered as shown in

Fig.
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Fig. 4 Different sample scanned text

document images.

Table 1 Estimated Skew angle, standard deviation
- and mean time taken by the proposed method

Proposed Methed
True angle Mean Standard deviaticn Mean Time
(Secs)
3 3.200 0.102 0.95
5 4.855 0.336 0.98
i0 10.025 0.317 0.88
i5 15.425 0.305 0.95
20 20.00 0376 .90
30 29.750 0475 0.94
40 40.10 0.236 0.99
45 45.005 0.255 0.95

4. COMPARATIVE STUDY

A comparative study with certain existing methods is
carried out to establish the superiority of our method in
terms of accuracy and efficiency. The scanned text
document images (Fig. 4{a)-{e)}), with different skew

angles say 3, 5, 10, 15, 20, 30, and 45 degrees is actually
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considered as an input to the proposed method as well
as to the existing methods. The mean, standard deviation
and computing time obtained using the proposed method
and the other methods are reported in Table 2 {a) and
Table 2 (b).

It is observed from Table 2 {a) and Table 2(b) that the
skew angle estimation obtained by the proﬁosed
methodology is better than the existing methods Akiyama
and Hagita (1990}, Pavlidis and Zhau (1992), Hashizume
et al, (1986), Srihari and Govindaraju {(1989), Le et al,
(1994), Pal and Chaudhuri (1996), Yan, (1993) and Lu
and Tan, (2003) with respect to mean (M). It is also
observed that the proposed method is better with respect
to the standard deviation that varies from 0.1 to 0.4. The
variations in standard deviation (8D) of the other methods
namely Akivama and Hagita (1990) is (0.99 to 2.86),
Pavlidis and Zhau (1992) is (0.76 to 3.25), Hashizume
et al, (1986) is (0.5 to1.5), Srihari and Govindaraju
{1989)is (0.3 to 1.45), Le et al, (1994) is (0.35 to 0.85),
Pal and Chaudhuri (1996) is (0.3 to 1.42), Yan, (1993} is
(0.63-1,04) and Lu and Tan, (2003) is (0.51-0.95), which
reveals that the proposed method is better compared to
existing methods.

From Table 2 (a) and Table 2(b), one can notice that the
proposed method is efficient as it takes less computing
time {~1 Secs) compared to the other methods.

The above discussion revealed that the proposed method

is precise and efficient compared to the existing methods.

5. DISCUSSIONS

The simplicity, generality, and applicability of the
proposed method considering special cases comprising
of different document images namely language
documents, journals, document with different resolutions,
synthetic text documents, newspaper cuttings, and noisy

documents, is discussed in this section.
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Experiments are conducted on different types of
documents as shown in Fig. 5 (a) to Fig. 5 (d} and the
computed skew angles using the proposed methods as
well as the existing methods are given in Table 3.

P
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Fig. 5 Different document images

However the proposed method fails if the noise in the
document increases. This is because of average height
method, which removes only smali dots. To illustrate this
we have conducted experiments and shown in Fig. 6 and
Fig. 7. Based on experimental results we have tabulated
the values in Table 7 and the graphical representation is
shown in Fig. 8. From Table 7 and Fig. 8, it is noticed
that the proposed method works for the noise documents

up to 0.05 level densities but not beyond.
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(a) 0.07 noise density
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{c) Height normalized document

{d) BGM fails
Fig. 6 BGM fails for 0.06 level noise density

document

(d) BGM fzils
Fig. 7 BGM fails for 0.07 level noise density
document
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Table 7 Performance of the proposed method with

different noise densities

B . Pes

Noise Density KATJ? CTﬂ;‘i‘:’d rf?:/-;@)ance Remarks
401 30 30.05 99.82
4.02 30 30.12 99.60
6.03 30 30.02 99.93
.04 30 290.54 98.4 Algorithm
0.05 30 2996 99.8 Works
0.06 30 14.02 46.73 Perfermance
0.07 30 14.89 49.63 Degrades

Graph for Nolisy Im ages

120 o
160
go

60

Perfarmant

40

20 4

.01 0.02 0.03 0.04 0.05 0.06

0.07

Nolse Denslty

Fig. 8 The method fails after 0.05 level noise
densities

An experiment has also been conducted on different
resolution documents and the performance of the
proposed method does not degrade even for different
resolution document. The computed skew angle using
the proposed method and other methods is given in Table
4. The overall summary of the discussion is given in
Table 5 and Table 6.

From Table 5 and 6 it is observed that the proposed
method is suitable and superior when we compared with
the existing methods in terms of relative erTor, variations
and time. This is mainly because of the following the
advantages.

P The method ignores some characters like dot, comma
and colon using average height method.

It converts the height of the capital letter to an average
height of the character in the text line since the skew
angle is estimated based on average height of the

characters.
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b The method uses only two or three text lines in
estimating the skew angles and the method considers
one text line at a time to estimate the skew angle
instead of considering coordinates of all the
characters of the whole document.

b The method is language and size independent.

6. CONCLUSION

In summary, an efficient and novel methodology to
estimate skew angle is presented in this paper. The
proposed methods work based on boundary growing and
Radon transform. To study the performance of the
proposed method we used decision parameters such as
Mean Skew angle, Standard Deviation and Mean time.
The experimental results revealed that the proposed
method gives better results for ail types of documents

compared to results of existing methods.
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Tewe | Akiyama & Hagita (1990) |  Pavlidis & Zhau (1992) Hashizume et al {1986) Srihart a?fg‘g;)" indaraju Le et ai. (1994)
angle in
¢ oT T oF oT
degrees M [ia) @) M SD I M 5D ) M sD CT(s) M SD ©
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10 578 1761 | 116 | 112 | 1649 | 128 | 805 | 1246 | 1.63 | 12.88 | 1456 | 13.13 | 10.125 | 0.416 | 221
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Table 2 (b) Continuation to Table 2 (a)

Tree Pal and Chaughari {1996} Yan (1993} Eu and Tan (2003) Proposed Method
angles in

degrer " . e M D T (s M 5D CT () " 5o T )
3 3.128 0348 212 3.439 09438 2.49 3,868 0819 228 1.200 0.102 095
5 5.68 0451 1.08 . 5.0955 1.0401 2.48 57124 0.958 2.31 4.855 0.336 0.9%
10 10.17 0425 238 10.191 0.8201 2.492 10,7363 0.798 2322 10.025 0317 0.88
15 15.72 0.51 2.12 15,358 0.936 2.501 15.5330 0.517 2.2¢ 15.425 0.305 0.95
20 20.11 0712 238 20.439 0.8376 2.685 20.87 0801 2.58 20.00 0.376 0.90
Ei] 10.32 142 218 30.847 09717 248 30.174 0.52% 2.58 26,750 0.475 0.94
40 40.42 0719 217 40.382 0.846 2,369 39.474 0.664 2.40 40.10 0.236 0.9%
45 45.2 0.86 232 44.422 0.6399 2.58¢ 45,927 0.530 2.69 45.005 0.255 095

Table 3 Computed mean skew angle for different documents with 10° true skew angles

Existing methods
Akiya | Pavlidi | Hashiz oo Pal and
Cases ma & s& ume et th?n anq Le et Chaudh Yan Lu and Proposed
Hagita | Zhau al Gf‘é;‘;‘jgzr)aj (131_(; o |om | (993 (2'13’0“3) method
(1990) { (1992) | (1986) (1996)
Different | 59 49 | 43 24 11 115 | 115 | 763 | 10.963 10.001
Language
Noise 27 31 0 11 9.5 9.5 11.921 9.236 10.21
Text Book 29 25 121 10.5 11 10.5 10.326 | 10.459 10.02
Journal 3.58 2.7 35 12 10.5 11 11.021 § 10.679 9.99
Textwith 4 74 81 0 45 17 38 | 16796 | 14719 1123
1cture

Table 4 Computed skew angles using proposed and existing methods for different dpis of 23°

Existing methods
Akiya Pavlidi | Hashiz L Pal and
F:;z‘:]] ma & s& ume et GS:vhizrl;gaarZ?u Leetal. | Chaudh Yan L[fr;]nd Proposed
Hagita Zhau al (1989) (1994) ari (1993) (2003) method
(1990) t (1992) | (1986) {1996}
75 22.12 23 a0 18.5 23 235 26.75 23.96 22.86
100 46 45 21 17.5 225 235 24.21 23.02 23.14
150 29 38 21 4.5 23 23 21.65 22.89 23.65
300 41 44 19 225 23 - 23 26.08 23.86 23.12
400 75 90 0 48 22.5 235 24.06 23.59 23.44

Table 5 Summarized performance of the proposed methods and existing methods for different types of

document images

Text Images Dilfercnt fanguages Noise lmage Syuthetic Inages Text books Journal 114K Text with Picture Doe.
Methods Relalive sD ACT | Relalive | opy CT | Relative | gy [aty Relatve D CT | Relative | o CT | Relative sp CT | Relative | o cT
ETOT% 151 oTr % (3] cmer % is) @ror is) eror 3% is) eror % is) emor % isy
Akiyama 0.99-
wned Hagila 3207 :':56 116 91 39 1.71 170 3.89 1.69 350 4.6 1.69 190 L7l 19 642 512 1.8 ol0 5.6 2.26
11990y )
Pavlidis and 0.70- B N
Fhau (1992) 61 12 1.28 330 +4 169 210 236 .7 20 24 16 150 446 7 3 ab L9 no 16 20
Hashizume 0s-
ctal, 835 l’ 5 203 140 233 241 100 1.87 2l 10 £.01 pX] 21 149 | 1.9 250 8.6 L.8Z 100 2725 13
(1986) ) |
Srihari and 03 | 1213
Govindaraju 7.5 1745 . 10 0.89 126 10 0.82 13.1 o 0.42 129 3 061 121 20 .56 1223 350 223 139
(19891 - -
Lectal, ¢.35- <
L1994} 22 085 2405 15 0.63 267 5 0.5 267 3 2.3 279 10 0.56 159 5 045 19 83 5.6 EXU)
Pal and @3-
Chaudhuri 1482 1'41 22 10 033 28 5 042 219 0 183 241 ] 0.36 | 2.54 10 @39 253 280 469 | 24
(1996} B
Yan (1993) 3543 Dl%: 250 37 4.215 249 1.2 1256 | 2.501 219 0798 | 2.48 32 0758 | 2.49 102 1.0125 24 62.96 5369 | 265
mdta | ra 05 o [ ss o |2am | nes losm |22 | a0s |omefez| 4% oo | e 679 | osss | 234 | a1 | 3am | 251
Proposed Q.1 -
Mcthod 204 0.4 0.93 3.012 Q.51 094 2,60 .13 094 il 0.01 0.97 225 024 059 145 03t 0.98 536 235 1.10
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Table 6 Summarized performance of the proposed method and existing method for different resolution

documents
75 DP} 100 DB 150 DPI 300 DPI 400 DP}
Methods Relative T Relative CT Relative CT Relative T Relative CcT
error % 5D {s) emor % SD (s) error % 8D (s} emor % 5.0 (s) error % 5D (s)
Akiyama and Hagita
(1990 382 | 345 | 168 100 | 447 | 1.7t | 2608 | 379 | 16 | 7826 {27 | 1e 226 | 441 | 169
Pavlidis and Zhau (1992) 0 447 | 169 100 [ 397 | 168 | 6521 | 289 | 191 | 913 | 205 | 1.7 201 225 | 1n
Hashizume cral (1986} | 2913 | 74 | 2, .69 25 | 262 | 869 | 189 | 273 | 1739 | 226 | 2.7 100 | 316 | 2
Sriberi “‘{‘?9(3;;’;' indargju 1956 | 20 | 1033 | 239 L9 {1001 8004 | 223 {1091 217 | 089 | 1260} 108 351 | 16.14
Leetal, (1999) o 05l | 291 217 | 675 | 289 | a3s 05 | 1261 | 328 | osi | 288 | 217 | eel | 28
Pal and Chaudhuri

£1995) 217 | 048 | 258 | 217 | 04 [ 237 | 015 | o7s | 231 | 325 | 623 | 21 217 0s | 23

Yan (1503} 630 | 2013 [ 2455 | 5, 988 | 23 580 | 0389 | 249 | (339 | 0685 | 231 16 1023 | 2.59

Lu and Tan (2603) 307 | 0568 | 2314 | goe” | 0651 | 230 | ga7 | 0356 | 248 37 | 0702 | 233 25 | 099 | 230
Proposed Method 084 | 01t | 08 [ 033 | 623 ! 09 | 051 0.12 | 098 | 201 032 | 696 | 201 022 | 099
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