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Abstract. The paper describes an intelligent system for extraction filled-in data from colour
conventional forms. Filled-in characters in these forms can touch or cross the form frames. The
empty form description is acquired in this system by interactive learning followed by automatic
processing and extraction filled-in data from input forms. Some steps of input form processing
(form coding and form dropout) are carried out for any input form and other (form registration
and broken characters reconstruction) are needed if the colour of the user filled-in data
coincides with the colour of the empty form only. Experimental results showing the
performance of the system are described.

1 Introduction

Intelligent form analysis is one of the most actual problems in document image
processing. A typical filled-in form consists of pre-printed data (form frames,
symbols and machine pre-printed characters) and user filled-in data (machine-typed
or hand-written characters and check marks). Distinguishing of the filled-in data from
the pre-printed ones and extraction these data from the input form is the major task in
form processing.

Existing form processing systems can be categorised into two groups. The
systems from the first group either use interactive tools for manually extracting filled-
in data [1] or process specially designed forms [2]. The systems from the second
group [3-7] are intelligent systems for processing of conventional forms, which have
not been constructed and/or filled-in specially to facilitate reading by machine. As a
result these forms usually contain filled-in data that touch or cross form frames or
pre-printed entities. The problem of extraction filled-in data in these systems involves
the following issues: empty form template, input form registration and pre-printed
data dropout, reconstruction of broken strokes introduced during separation of form
frames.

Form template means the capturing of empty form structure or description.
The form structure knowledge is acquired by interactive learning in [4,5] and by
automatic recognition in [6] using block adjacency graph (BAG) representation of
this form.

Form registration is the process of aligning or calibrating an incoming form
with the previously defined empty form template. During form registration the
translational and rotational differences between the form template and the input form
are minimized. Therewith, translation and rotation of input form image are carried out
in [4,5] and the same operations but at the rectangles, describing pre-printed strokes
in empty form, are carried out in [6].

Form dropout is the process of matching some objects or parts of input form as
corresponding to pre-printed entities in empty form and deleting these objects.
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Because some character strokes touch or cross form frames, these strokes will be
broken after separating the form frame. The method of reconstiuction of these
strokes, based on skeleton, is introduced in [3]. In [4,5] the same process is performed
by copying the pixels that lie just above and below the deleted line through the region
where the line is being erased. In [6] form frame separation and character
reconstruction are implemented by means of BAG.

The systems [3-7] bave some distinctive features but are similar in that they
deal with photocopied (in black and white) bilevel images of the forms only. At the
same time beyond a doubt that the colour filled-in form has essentially more useful
information when the colour of user pen differs from the colour of the empty form. In
this case it is hopeful to extract filled-in data without need to reconstruct broken
strokes and to handle the most difficult problem for [3-7], when filled-in characters
touch or cross not only form frames but pre-printed text and objects also.

We propose 2 system for automatic extraction filled-in data from colour forms.
In Section 2 the main parts of the system are described. Some of these parts (form
colour coding and dropout) are used for every form and others (form registration and
broken strokes reconstruction) are needed only if the colour of filled-in data coincides
with the colour of the empty form. The performance of the system is shown in
Section 3.

2 Filled-in data extraction

The applied content of filled-in data extraction problem is as following. There is a
picture (in common case colour) of the empty (not filled) form. There is also a picture
of this form with some inscriptions, added by a man, which are in general case
coloured too. On the base of the certain information about the empty form the
machine technology for extraction these inscriptions (filled-in data) is to be
developed. In other words, it is necessary to transform a filled document into the
picture, which would be produced, if the inscriptions would be written by a black pen
on a white background. Processing steps of the system that solve this task are
described in the following sections.

2.1 Form template
To extract filled-in data the following information about the empty form in general
case must be acquired:

a). List C of colours, which exist on the document, and the coding table, that
for every three-tupple (7,g,b) of bytes, defining the intensities of red, green and blue
lights, defines the set C'c C of colours, which this (r,g,5) can be represented by. It is
supposed, that the variables »; g and b take their values from the interval [0, 31], so
the coding table consists of 32x32x32 lists and each list has a length not more than
16 elements. On the base of this coding table the initial rgb-presentation of the empty
form must be transformed to another one, in which for every pixel ¢ the certain list
e(t) of the names of colours is defined.

b). List of horizontal andovertical lines of the empty form frame. These lines
are represented by coordinates and the colour of the comresponding “bounding”
rectangles in this form.

c). List of text strokes:n the empty form. This list is represented in the same
format like the list of lines.
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d). List of rectangles covering the characteristic parts of the form. These
rectangles are used while aligning the incoming form with the previously defined
form template.

This information is generated interactively on the base of filled or empty form,
that was scanned in rgb-codes. Form template is constructed only once, and then it is
used for automatic processing of input filled-in forms. Separate steps of this
processing are described in Sections 2.2-2.4. The principles of construction of the
coding table from rgb-codes to colour codes are as follows.

Let r,g,b be variables that define the quantities of red, green and blue lights
in pixels of the scanned picture. Let rgb be three-tuple of these variables and RGB be
the set of all such three-tuples, i.e. the set of points with integer coordinates in the 3-
D cube. For subsequent processing it is necessary to transform the rgb-representation
of the scanned incoming form into the following one. Let C be the set of the names of
colours, observed in the picture of the empty form, for example C={white, black,
brown, yellow}. For analysis of the filled-in form it is necessary to indicate for every
pixel of this form not the rgb values but some list of the names of colours (for some
pixels this list can be empty), i.e. some subset C’c C. For such transformation of rgb
presentation to C’ one it is necessary to define in the 3-D RGB cube for every colour
ceC the region RGB(c), containing all rgb-tuples, which this colour can be
represented by. The region RGB(c) is defined for every colour ¢, as the region of the
certain type on the base of the learning information from user. Every region RGB(c)
is the polyhedron, every side of which is parallel to the one of the following thirteen
planes:

r=0,g=0b=0,7r+g=0,g+b=0,b+r=0,r-g=0,g-b=0, b-r=0(,

r+g+b=0,r-g+b=0,r+g-b=0, -r+g+tb=0;

The learning information is received from the user who observes rgb-
presentation of the picture and points out some pixels having by his opinion the
certain colour ¢. On the base of this information the program defines the set Ufc) of

indicated by user rgb-tuples and then constructs the region RGB(c), which represents
the minimal polyhedron of defined above type and includes the set U(c).

2.2 Colour coding

Colour coding operation has the colour picture as input data, in which for each pixel
the rgb-code is given. This representation of the picture is transformed to another one,
in which for each pixel the list of names of colours, which are observed in this pixel,
is given. On the next steps of the software the picture is presented only in such
representation. The colour coding operation is based on previously constructed during
form template coding table.

2.3 Form registration

The form registration consists of two parts: coarse and fine registration. The first part
results in such displacement and rotation of the whole input form picture, that it will
in the best way correspond to the previously defined set of lines in the empty form.
The second part results in correction of the position and parameters of separate lines
in empty form template for every incoming filled-in form, because the positions of
lines and their thicknesses in the input form can be slightly different from the lines in
the empty form.
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The procedure of rotation of the picture is rather non-trivial part of aligning
the input form with the empty one. It is known, that pixels coordinates after rotation
are not integer and if to perform the rounding of these coordinates not correctly, the
situation can occur, when either more than one pixels or neither can be mapped into
the certain pixel of the picture after rotation. In this case the rotation turns to be
irreversible that, firstly, contradicts to a reasonable understanding of the rotation and,
secondly, destroys the initial information about the picture. To avoid these lacks we
represent the rotation as the following three successive operations:

1) displacement of the rows of the picture:  xg=x + k1*y; y.=y;

2) displacement of the columns of the picture: X, =Xgy; Voo™ Var + K2%Xg3

3) displacement of the rows of the picture: X =Xeee™ kK3*Veoes Yin=Ysce-

Values k1, k2 and k3 are parameters of these operations. If the following
relations

a) 1+ k2*k3 = cosgp; b) ki1+k3 +k1* k2 * k3 =sing;

¢) -k2 = sing; d) 1+ k1*k2 = coso
are hold, the equalities x;,= X, and yg,= y, are valid for every x and y. A solution of
these relations is k1 = tg(¢/2); k2 = -sin@; k3 = tg{p/2) and implementation of image
rotation as a superposition of specified three operations turns to be reversible for
digitized images.

The procedure of fine registration of the filled-in form is as follows. Let Cbe
a list of colours and p be a coloured picture. It means, that for every pixel ¢ the list of
colours p(t)c- C is defined. Let L be the following set of horizontal lines. Every line
el is determined by the three-tuple (h,, h,, h;), such that
hy+hy+hy=h, h >0, h, >0, h >0. This three-tuple determines a picture
of the line / that contains five horizontal stripes B ,L,,S,L,, B, , as it is shown in
Fig. la.

BLSL B
22 IA
B, } h1
1L,
h S }hz
Lz
:, 8
w B
(a) (b)

Fig. 1. Five stripes (a) of the horizontal line and the graph (b) representing the set of these
lines.

The stripe B, (B, ) consists of &,( h; ) rows of pixels; for every pixel ¢ from B,
or B, holds I(t) = B, where B is the predefined list of background colours. Both L,
and L, consist of one row of pixels and for every of these pixels ¢ any colour is
allowable, i.e. [(z)=C. The stripe S consists of /, rows of pixels and for every pixel re
S holds I(t)= {a}, where a is the predefined colour for the given line. The set of all
possible pairs of positions of the stripes L; and L, defines the set L of pictures, i.e. the
set of lines. For every line / and every picture p their dissimilarity R(p,]} is defined
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by the following way. A pixel ¢ will be referred as a strange one, if it satisfies the
condition (p (r) = @) v (p (t) z l(z)). The dissimilarity R(p,/) is a total amount
of the strange pixels in the picture.

The problem under solution is as following: for the given picture p the line

I"elL is to be found, which minimizes the dissimilarity R(p,)), 1ie.
= arg min R(p, [) . Time for direct calculation of this expression is of order

h*® x w, because an amount of lines in L is of order #° and calculation of R for

every line requires /2 X W operations. Because the problem under consideration is
reduced, as it will be shown below, to searching shortest path on the certain oriented
weighted graph, the time for solution of this problem can be of order A x w.

The set of lines L may be represented by the following oriented graph G,
shown in Fig. 1b.

The nodes of this graph are represented by the nodes of two-dimensional grid.
Every node has coordinates (;, ),k {BI,LI,S,LZ,Bz},O < i< j. It means

that every column of graph G corresponds to the certain stripe and every row
corresponds to the certain row in the picture. The edges of the graph are displayed by
the arrows in Fig. 1. Every path from the node 4 to the node B corresponds to the
certain line from the set L. This isomorphism is defined by the following sentence: if
the path on this graph passes through the node (3,k), the i-th row of pixels belongs to
the stripe £.

The dissimilarity function R(p,/) must be represented by the weights of nodes,
so that for any line / € L the value R(p,]) is equal to the total weight of the path,
which the line / is represented by. This requirement is satisfied if the weight v(i,k) of
the node (3,k) is defined by the following way: v(i,k) = 0, if k=L, or k=L, , and v(i,k)
is the amount of the strange pixels in the i-th row for other £.

The calculation weights of all nodes takes a time of order the number w x & of
the pixels in the picture. For the above described case of graph the search of the best
path on the base of dynamic programming takes a time proportional to the number of
graphs nodes, i.e. to the number & of rows in the picture. The program solves the
above considered task for every line in the empty form and has as a result the new
position for the line in this form.

2.4 Form dropout
This operation is carried out on the base of the following two pictures:
a) the registered input form picture, in which for each pixel ¢ the list
o (t) of colours is given, which are observed in this pixel;

b) the empty form picture, in which for each pixel ¢ the certain list e(?) of
names of colours is also given. This list consists of the names of the colours in the
pixel before writing the inscriptions in the document.

Form dropout consists in the following transformation of the input form
picture. The colour of every pixel 7 in this picture is changed to black colour, if the

following condition

(p (t) = @)v (p (t) T e (t))
is satisfied, and to white colour otherwise. The first part in this condition means, that
rgb-code in the pixel ¢ of the picture under analysis does not correspond to any
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colour, permitted in the empty form. The second condition means that in the pixel ¢ of
the input form some colour is observed, which is not allowable for the given pixel,
although this colour is allowable for the form at all.

2.5 Broken stroke reconstruction

In the areas, where the inscriptions touch or cross form frames, they share pixels.
During the form frame separation these pixels will be erased, if the colours of
inscriptions and of form frames coincide, and as a result some of touching or crossing
characters will be broken. In this case after the form frame separation we perform
reconstruction of the broken strokes.

For every horizontal line of form frame this reconstruction consists of the
following stages. The first stage results in noise removing on the upper and lower
boundaries of erased line. During the second stage thicknesses and directions of line
segments touching to upper and lower boundaries of this line are defined. These line
segments consist of the runs of horizontal black pixels to the right and to the left of
which white pixels are located. Two runs are called neighbouring if one of the pixels
of the first run is neighbouring to some pixel of the second one. The direction of the
line segment is defined over the sequence (from 2 to 5) neighbouring runs located
either above of the upper or below of the lower boundaries of the line under
processing.

The final and the most important stage consists in joining (filling the gap) of
some of these line segments. At the beginning different pairs of line segments
correspondingly above and below of the erased line are considered and two line
segments of the pair are joined if they are crossed (taking in consideration their
thicknesses) while extending one or both these line segments into erased region.
Filling the gap between two line segments results in replacing of white pixels in black
ones inside quadrangle between these line segments if their thickness are
approximately the same. Otherwise joining is carried out by extending of the line
segment with the lesser thickness. After joining line segments at upper and lower
boundaries the pairs of neighbouring line segments both locating at upper or lower
boundary are considered. These line segments are joined if certain conditions are
satisfied, which depend on the directions, thicknesses and the distance between line
segments.

Mcﬁ;_._j% borinen . J}Z Yordveu. . ?"?Z
H=—Tts Y. " il

" g

Fig. 2. Examples of character reconstruction.
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A few examples of horizontal strokes reconstruction are given in Fig. 2. First
column in this figure shows segments of the input image, second column shows the
result after the form frame separation, and the last column shows the reconstructed
characters. The reconstruction of characters having broken parts after separation of
vertical lines of form frame is similar to considered above.

The resulted picture of extracted inscriptions contains inevitably the noise in
the form of thin lines, whose thickness is one pixel, arising on the boundary of lines
and inscriptions of the document. This noise is eliminated by rather obvious
procedure.

3 Experimental results

The system has been developed for the OS MS Windows and tested on more than 30
forms of 6 different types filled-in by hand. These forms were filled in by different
people, using ball-point pen, pencil or ink pen, and were scanned with a small amount
of skew (< 10°) at 240 dpi. The example of filled-in blue ink-printed form is shown
in Fig. 3a. This form was filled in by blue pen in the upper part of the form, by red
pen in the middle and by green pen in the lower parts of this form. The picture of the
form is of size 1380 x 1900 (15 x 20 cm) and as it is shown in Fig. 3a the hand-
written characters touch the form frames in all the four directions (top, bottom, left
and right). Processing of this picture was carried out under the assumption that the
colour of user’s pen does not differ essentially from the colour of the empty form and
because of that the whole number of processing operations were implemented. As a
result it takes tens of seconds on g Pentium IBM PC to process this picture. Otherwise
if the colour of the user’s pen does not coincide with the colours in the empty form,
the operations of input form registration and broken characters reconstruction have
not to be used, and because of that the running time is drastically reduced.

The form dropout results for Fig. 3a are shown in Fig. 3b. These results are
occurred to be better in comparison with presented in [6], because extracted filled-in
data in Fig. 3b contain no pre-printed entities, but the system [6] takes lesser time for
processing the input form. While the subsequent modification of the system we would
like to continue developing of the methods of automatic coding and registering of
coloured forms, and as a result to reduce the time of their processing.
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Fig. 3. Input form (a) and result (b) of extraction filled-in data.
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