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Abstract. Based on gradient and wavelet analyses, a novel scheme has
been developed to extract table structures from skewed form document
images. In this scheme, first, a skewed form document image is rotated
according to the angle obtained from the gradient algorithm. Then the
deskewed image is decomposed into four sub-images by divisible Mul-
tiresolution Analysis(MRA) wavelets. Afterwards, the table structure
image which represents the geometric structure of the form can be ob-
tained from the sub-images by a modified wavelet reconstruction algo-
rithm. Meanwhile, another document image without table lines can be
produced by Minkowski operation and is referred to as a table free im-
age. Experimental results indicate that this new scheme can be applied to
process the skewed form document images with promising achievements.

1 Introduction

A knowledge acquisition bottleneck has become the major barrier to the devel-
opment and implementation of effective information systems. To mitigate this
bottleneck, document processing techniques should be considered to automati-
cally acquire information from various types of documents.

Form document processing is an essential operation in many business and
government organizations. Particularly, in financial organizations, millions of fi-
nancial transactions take place every day. They are associated with conventional
form documents such as bank cheques, payment slips, bills, etc. However, there
are a number of limitations with current manual operations of the form doc-
uments. These include, for example, the cost of information acquisition from
printed forms, delay in accessing the stored forms, vulnerability of the stored
forms to loss, damage, etc. The cost of information capture from the printed
forms can be very high.

For large corporations and government organizations, the cost can be several
orders of magnitude[1]. Thus, any development which can improve the processing
of such documents will make a significant contribution. A lot of researchers have
paid attention to the development of many methods to solve this problem, and
some achievements can be found in [1,2,3].

The form documents may contain tables, and most of significant information
is sited in these tables. Therefore, how to extract geometric structures plays an
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intrinsic role in document analysis. Particularly, the table structure is the main
class of the geometric structures in the form documents. And form document
image usually has a little skew and slant. This paper presents a gradient based
approach for skew correction and a wavelet based approach for table extraction
from the form document images. The basic idea is described as the following
steps:

Form-Document Image

Gradient Algorithm

Deskewed Image

Wavelet Decomposition

LL Sub-Image HL Sub-Image| HH Sub-Image|

Modified Reconstruction

Table-Structure
Image

Minkowski Subtruction

| J

Table-Free
Image

Fig. 1. Diagram of the gradient wavelet scheme for form document analysis.

— Gradient operation is performed on the form document image to evaluate
the skew angle. Afterwards, a deskewed image can be obtained by rotating
the original form document image.
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— The deskewed image is decomposed into four sub-images [4] by the wavelet
decomposition algorithm [5].

— According to some of these sub-images, we can reconstruct an image that
contains only horizontal and vertical lines from which a particular image can
be composed, and is referred to as table structure image. Therefore, the table
structure of the form document image can be obtained. For this purpose, a
modified wavelet reconstruction algorithm will be developed in this paper.

— Using the table structure image and the deskewed image, an image which
does not contain table lines is constructed by the Minkowski subtraction [6],
and is referred to as table free image. Furthermore, the important information
position can be given by the form structure.

In summary, the form document image is first deskewed. Then, the image is
decomposed into sub-images. Afterwards, the table structure and the table free
image are reconstructed according to wavelet theory and Minkowski operation
respectively. Thus, in this paper, the gradient and wavelet analysis play major
roles. This is the reason why this new method is called gradient-wavelet scheme.
The overall diagram of this scheme is illustrated in Fig. 1, where four main
operations in the scheme are described as

a) Skew Correction: a digital form image represented by function f(m,n) is
captured from a form document by optical scanning. Afterwards, based on
the gradient algorithm, we can evaluate the rotational angle and deskew the
form document image.

b) Wavelet Decomposition: based on the wavelet decomposition, the image
is decomposed into four sub-images which are referred to as LL, LH, HL and
HH sub-images respectively.

c) Modified Wavelet Reconstruction: the table structure image can be ob-
tained by the modified wavelet reconstruction algorithm.

d) Minkowski Subtraction: according to the table structure image and the
deskewed image, the table free image can be obtained by the algorithm of
the picture difference.

2 Skew Correction

The form document images are obtained through scanning and binarization. The
skew correction steps include:

— Noise removal: because scanned images are usually not clean, we used the
median filter to remove noise.

— Deskewing: for an image described by f(x,y), the gradient vector [p, ¢
defined by

1T is

0f(z,y) 0f(z,y)

ox ' Oy
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The orientation of this gradient vector is

© = arctan(q/p).

For every black point (z,y) in the image, its gradient orientation ¢z, y) can
be computed or calculated by Eq. (1), Eq. (2), and Eq. (3). Suppose that the
region used to computed or calculated p(z,y) is [t — N,z 4+ N| X [y — N,y + N|
and it contains M black points. We have

N N
LS Y (@+i), if fz+iy+j) is black

f:
i=—N j=—N
; (1)
= L X N . . . N
Yy=w ZN Z (y+37), if fx+i,y+7) is black
J=—N
N
Pp.q = Z Z r4+i—T)(y+j-9) if flx+i,y+j)isblack, (2)
—N j=—N
1 2% i1
r,y) = — arctan(——————). 3
#l:y) 2 (/l2,o—u072) (3)

According to above equations, the gradient orientation can be obtained by
using (2N + 1) x (2N + 1) (in our experiment, N=3) filter operation. The range
of o(x, y) is [-Z, §). Because the orientations of two different points on the
table lines are parallel or orthogonal, the range of ¢(x, y) can be transformed
into (-3,%) by

p(z,y), if lol < %
€, = . ™ . T 4
o) ={ g 1o, i 1015 3 W
where sign(ip) is the sign function,
1, ifx>0
sign(z) =¢ 0, ifz=0. (5)
-1, ifz <0

For detecting the orientation of a skewed form document,a half of the range
of ¢ will be enough. If we have some knowledge about the range of the skew
angle, we can reduce the domain of ¢ even further.

The gradient algorithm is based on the observation of the orientation distri-
bution of all black points in the image. For a skewed form-document image, there
will be much more points in the image whose gradient orientations are parallel
or perpendicular to the direction of a table line direction. In fact, all points on
the table lines have such characteristics. It is obvious to consider that statistical
information can be used for skew angle detection. Fig. 2 gives an example shape
of the gradient orientation histogram of an form-document image. Fig. 2 (a)
shows an original image of the skewed document, and (b) gives the histogram of
point distribution on different orientations.
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(b)

Fig. 2. Example to obtain the skewed angle based on the points distribution
histogram on different orientations. (a) Original image of skewed form document.
(b) The distribution histogram on different gradient orientations of the original
image.

Based on the points distribution histogram on different orientations, the gra-
dient algorithm searches for the maximum in the histogram to obtain the skew
angle (in Fig. 2, the angle is -29 degrees). By using this skew angle 0, the skewed
form document image is aligned by the rotation transformation

2’ = xcosl + ysind
{ y (6)

y = —xsinf + ycosh’

where (z,y) is a coordinate before deskewing, and (2’,y’) is the coordinate after
deskewing.

3 Decomposition of Form Document by MRA Wavelet

In this section, the basic concepts of Multiresolution Analysis(MRA) wavelet
will be introduced and followed by a description of how the MRA wavelet can
be used to decompose the form documents.

3.1 Basic Concepts of MRA Wavelet

Let {Vj}jez be a closed subset of L*(R). It is known that {V?};cz is a mul-
tiresolution of L?(R?) if and only if {V,};ez is a multiresolution of L?(R), and

Vi=V,®V;
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Let ¢(x) be a scaling function of {V;},cz. Therefore, &(x,y) = p(x)p(y) is
a scaling function of {Vf} jez. For every j € Z, the function system

{@j7k17k2 = @i,k ('r)@jykz (I) | (klka) € Z2}

becomes an orthonormal basis of V}Q. Such multiresolution analysis is called
divisible MRA.
We can define a wavelet space W? = (V?)*, namely

2 2 _ 12
Wi e Vi =V
From the above analysis, we can easily produce a very significant formula:

V2, =V ©V
=W;e V)@ (W, eV)) (7)
=W;eW)e(V;eW;) e (W;aV;) e (V;eV)).

For one-dimensional MRA, because ¢(x) is the scaling function of {V;};ez,
we can produce a wavelet function

+o00 400
V) = > gpax(@) =272 Y gp(2w — k) (8)

k=—o0 k=—o0

such that for every j € Z, the function system
{vir(@) = 2740292 —k) | ke 2}

be the orthonormal bases of W;.
Similar to the one-dimensional MRA, three basic wavelet functions ¢!, 4?2, ¢?
can be produced from the two-dimensional MRA, and described as

Yz, y) = (x)e(y)
V2 (z,y) = p(x)Y(y) . 9)
VA (x,y) = (2)(y)

The orthonormal bases of the wavelet space Wj2 can be obtained from these

three single wavelet functions 91,12 1% by a dilation (27) and a dyadic trans-
lation (of £).

3.2 Wavelet Decomposition for Sub-images

The form document image f(m,n) is transformed into four sub-images by the
wavelet  decomposition.  These  sub-images are  represented by
froim,n), fra(m,n), fur(m,n), and fgg(m,n) [1]. Mathematically, they are
described by



246 Dihua Xi and Seong-Whan Lee

IN—12N—1
fro(ki k) = 30 Y0 Ry ham, f(ma + 2k1, mo + 2k2)

m1:0 mz:O

2N—12N-1
fLH(khk?) = Z Z hmlngf(ml + lev ma + 2k2)

m1=0 mo=0

ON—12N—1
far(ki,k2) = Y > Gmyhmo f(m1 + 2k, ma + 2ks)

mq =0 mo =0

IN—12N—1
faa (ki k) = >0 3 GmiGmaf(ma + 2k1, ma + 2k2)

m1=0mso=0

where {hj} denotes a frequency response which depends on the used wavelet
function, and,

ge = (1) N " hon g,

In Eq. (10), for a given integer N and a function f(m,n), four functions
of the sub-images can be derived. Clearly, the computational complexity of the
algorithm increases as N increases. If IV is too small, the filtering effect will
be dropped. Therefore, we should choose a suitable value for N in our study.
Experiments have shown that the results are acceptable when N =3 or N = 4.
In this paper, N = 3 has been chosen for all experiments.

The document image can be regarded as ‘/;271 According to Eq. (7), ‘/}271
can be represented by

Vii=WieW)e (V;eW,)eW;eV;) e (V;eV)).

Therefore, the form document image f(m,n) can be divided into four sub-
images, namely,

f(m,n) = frr ® fou ® fur @ fun

where frr, fou, fur and fgp denote LL sub-image, LH sub-image, HL sub-
image and HH sub-image respectively, and can be computed by Eq. (10). The
characteristics of these sub-images are described as follows:

— LL sub-image: both horizontal and vertical directions are low-frequency.
It corresponds to V; ® V.

— LH sub-image: the horizontal direction is low-frequency and the vertical
direction is high-frequency. It corresponds to V; ® W;

— HL sub-image: the horizontal direction is high-frequency and the vertical
direction is low-frequency. It corresponds to W; @ Vj.

— HH sub-image: both horizontal and vertical directions are high-frequency.
It corresponds to W; @ Wj.

It is obvious that the LL sub-image has a “smoothing” effect in both direc-
tions. The LH sub-image is the result from a filter in which the image has been
smoothed in horizontal direction and enhanced in vertical direction. The HL
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sub-image is the result from a filter in which the image has been enhanced in
horizontal direction and smoothed in vertical direction. The HH sub-image has
an “enhancing” effect in both directions. Fig. 3 shows the above characteristics
of these four sub-images. The original gray level image is shown in Fig. 3(a).
Figs. 3(b)-(e) are its sub-images decomposed by Daubechies wavelet. It can be
shown that the LH sub-image contains only the lines in horizontal direction,
while the HLL sub-image contains only the lines in vertical direction. From this
example, it can be observed that the horizontal and vertical lines of the image
can be extracted from the LH and HL sub-images. Afterwards, the tables which
are composed of the horizontal and vertical lines in the form documents can be
obtained. Another example is depicted in Fig. 4.

4 Reconstruction of Table Structure Image and Table
Free Image

This section is broken into two sub-sections. The first sub-section presents the
table extraction processing in accordance with a modified reconstruction algo-
rithm, while the second sub-section describes how to obtain a table free image
based on Minkowski operation.

4.1 Composing Table Structure Image by Modified Reconstruction
Algorithm

In order to extract the table structure and further to produce the table free
image, the reconstruction algorithm has to be considered. Based on the wavelet
theory, it is proved that no information is lost when an image is transformed into
four sub-images. On the other hand, the original image can be reconstructed
by these sub-images. The wavelet reconstruction is given by [5]. Based on the
wavelet reconstruction algorithm, the original image can be reconstructed by

N—1 N—1
F2k1 +i1,2ka+i2) = D > homy+i Pametis frr (k1 — ma, ko —ma2)

m1=0ms=0
N—-1 N-1

+ > > homiti92metis fra(ki —ma, ks —ma)

177,1:0 m2:O
N—1 N-1

+ > Y GematisRometin fHL(E1 — My, ke —ma)

177,1:0 m2:O
N—-1 N-1

+ 20 D PemitiiG2matin JHE (KL — M1, k2 —ma)

m1=0mo2=0
(11)
where i1 € {0,1},i2 € {0,1}.

In this wavelet reconstruction algorithm, the reconstructed image will be
very close to the original one if the value of N is big enough for Daubechies
wavelet. However, the results may meet the requirements of a particular appli-
cation when N is a small value because the line width of the table in the form
document image is small.
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(b) LL Sub-Image

> (c) LH Sub-Image

(a) Original Image (d) HL Sub-Image

(e) HH Sub-Image

Fig. 3. Example of the decomposition of an image. (a) The original image with
several nested squares. (b)-(e) The sub-images which are obtained from the orig-
inal image by the wavelet decomposition algorithm.

To extract the table lines in a form document image, the components which
contain only the horizontal and vertical lines have to be enhanced while other
components have to be diminished. According to the analysis in the previous
section, it is obvious that the horizontal lines can be enhanced by proliferating
the LH sub-image component, while the vertical lines can be enhanced by pro-
liferating the HL sub-image component. Therefore, it seems that the LH and
HL sub-images can be used to reconstruct a table structure image which con-
tains mainly table lines of the original image. However, such a table structure
image may contain text-noise which has to be removed. Fortunately, the HH sub-
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image can be severed as a constraint condition to solve this problem, since it
contains the main components of the text image. Based on this idea, the wavelet
reconstruction algorithm has been modified to achieve the goal. The modified
reconstruction algorithm is described as

0 if fl pe(m,n) <0

ft/able(m7n) if f{able(m,n) > 0’ (12)

ftable(mun) = {

where
f/(2]€1 + 11, 2ko + ig)
N-1 N—1
=C1 Yo Y homivi 92motis fru(ki —ma, ko —ma)

m1=0ms=0

N—1 N-1 (13)
+Co > > Gomitiy Romatis fHL(K1 —ma, ko —m2)

m1=0 ms=0
N—-1 N-1

—C3 Y | Y 92mi+iiG2motis frE(K1 —mi, ky —mo)|
m1=0 mo=0
such that Cy, Co and C3 are coefficients, and they should satisfy the condition
of 0 < Cy < (C3,0< Cy < (5.

The modified wavelet reconstruction algorithm is used to extract the lines
from the form document image in our research. We have known that the LH
and HL sub-images contain the horizontal and the vertical components respec-
tively, while the HH sub-image contains other information which can be used
to restrain the “noise” from the image when reconstructing the table structure
image. Considering the fact that the magnitude in the HH sub-image is much
more smaller than in the HL and LH sub-images, the parameters C; and Cy
should be much more smaller than C3, and absolute is used in the third item in
Eq. (13). On the other hand, the table line would be removed if C5 is too big.
Based on our experiments, C3 can be chosen as 5 to 10 times as C; and Cs.

An example of the reconstruction of the table structure image using this
modified reconstruction algorithm is illustrated in Fig. 4. The original image
which contains texts and lines is shown in Fig. 4(a), the sub-images which were
obtained from the original image by the wavelet decomposition are given in
Fig. 4(b)-(e), and the table structure image generated by the modified wavelet
reconstruction algorithm is given in Fig. 4(f).

4.2 Constituting Table Free Image by Minkowski Subtraction

To produce the table free image, the operation of Minkowski subtraction [6] is
applied.

Let A be the set denoting the square object with all its elements denoted by
a two-dimensional variable «. Next, let B be the set containing one point and a
two-dimensional variable 3 used to describe this point. The Minkowski addition
of two sets A and B, given by the symbol @, is

AeB={peR*: p=a+p, ac A, BB} (14)
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The dual of the Minkowski addition is the Minkowski subtraction which is
defined as
A© B =(A°® B°)°. (15)

Based on the Minkowski subtraction, the table free image can be generated
from the original image and the table structure image. Let Doriginal, Diabie,
and Dye,r be a original form document image, a table structure image and a
table free image respectively. The table free image can be produced by

Dtezt - Doriginal o Dtable~ (16)

In accordance with the Eq. (16), we can remove all table lines from the orig-
inal image. Considering gray-levels of the image, we should replace the certain
gray values with the points where the lines have been removed. In this paper,
the average gray value of the neighboring points of the replaced pixel has been
used.

For a point, f(4,7), on the horizontal lines, the neighborhoods f(i,7 + «),
where o« = £1,+2, +3 have been chosen, while, on the vertical lines, the neigh-
borhoods f(i + f3,7), where § = 1,42, +3, have been used. Therefore, the
replaced point should be

oo )+ ), if the point is on the horizontal line

1
I P
f(’l,j) - 1 o= - . . . . . . .
5 > [flita,yg), if the point is on the vertical line.
a=+1,2,3

Fig. 4(g) shows an example of the table free image that was produced by the
original image and the table structure image using the Minkowski subtraction.

5 Experiments and Discussion

Experiments have been conducted using a personal computer PC/Pentium II
(333MHZ), and the programs have been written in Visual C*+ 5.0. The form
documents were entered into the system by an optical scanner and converted to
a monochrome gray scale images(8 bits per pixel). The resolution of digitization
in our experiments was 300 DPI.

In our experiments, the gradient algorithm has been used to deskew the form
document image, and the value of N in Eq. (1) and Eq. (2) is 3. The Daubechies
wavelet has been applied to decompose the form document images. The value
of N used in Eq. (10) is 3, i.e., the values of {h;} are listed below:

{h} = {0.332670 0.714816 0.630880 —0.027983
—0.187034 0.030841 0.032883 —0.010597}.

Chinese bank form documents has been utilized in our experiments. Fig. 5
and Fig. 6 show the two main process steps in the gradient-wavelet scheme.

The gradient algorithm has been used to deskew the original image, Fig. 5(a).
According to the Eq. (1), Eq. (2), and Eq. (3), the distribution histogram of the
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(a) Original Image

tion

(b) LL Sub-Image

(c) LH Sub-Image

251

(d) HL Sub-Image

(e) HH Sub-Image

(f) Table-Structure Image

(g) Table-free Image

Fig. 4. Example of the wavelet decomposition and reconstruction. (a) The orig-
inal image. (b)-(e) The sub-images obtained from the original image by the
wavelet decomposition. (f) The table structure image generated by modified
wavelet reconstruction algorithm. (g) The table free image produced by the
original image and the table structure image.
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(b)

Fig. 5. The points distribution histogram obtained from gradient algorithm on
different orientations for the Chinese bank document. (a) Original skewed form
document image. (b) The distribution histogram on different gradient orienta-
tions of the original image.

original image on different orientation is shown in Fig. 5(b). The skew angle
is the maximum point in the histogram, which was 12.5 in our example. The
deskewed image obtained by Eq. (6) is shown in Fig. 6(a).

Wavelet decomposition and reconstruction of the Chinese bank form docu-
ment image are illustrated in Fig. 6. The deskewed image is shown in Fig. 6(a),
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(a) Deskewed Image
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Fig. 6. Wavelet decomposition and reconstruction of Chinese bank document.
(a) The deskewed image. (b)-(e) The sub-images obtained from the deskewed
image by the wavelet decomposition. (f) The table structure image generated by
modified wavelet reconstruction algorithm. (g) The table free image produced
by the deskewed image and the table structure image.
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and its four wavelet sub-images are presented in Fig. 6(b)-(e), respectively. The
table structure image generated by the modified wavelet reconstruction algo-
rithm is given in Fig. 6(g). According to the table structure image and the
deskewed image, the table free image can be constructed by the Minkowski sub-
traction, as shown in Fig. 6(f).

Processing of the form documents is an essential operation in many business
and government organizations. Most of the significant information is located by
the table structure. A lot of researchers have paid attention to the developments
of many methods to solve this problem. A particularly important method to ex-
tract lines is Hough transform [3] which locates line in image through detecting
the parameters of the line equation. Unfortunately, almost all techniques pre-
sented can not find the width and the end points of line exactly because they
are based on the geometry.
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