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Abstract In the analysis of any unconstrained docu-
ment image it is necessary to first decide what the main
area of interest is. Previous work has been done on
simply removing the margins. In this paper we detail a
more intensive approach to finding the main area of in-
terest, what we call the Major Form Body Segment. We
give a novel approach for determining which connected
components are or are not part of the Major Form Body
Segment.
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1 Introduction

When a paper document is converted to a digital
image, there are affine transformation errors (trans-
lation, rotation, scaling), and introduction of noise
in the form of speckles that can occur that cause the
digital representation of the image to be different
than the original paper document. This difference
resulting from a scanning operation can be charac-
terized by a slight or excessive rotation off the axis
of the original document (skew), document margin
cutoff or noise within the margin segments. A scan-
ning error can be the cause of any or all three of
these errors. Over a set of document images of the
same type, documents can take on different charac-
teristics based on these errors. Therefore, in order
to perform consistent feature extraction over a set
of document images, whereby, the feature extrac-
tion results can be comparable from two document
images, an algorithm must be developed that can
perform a structural normalization of the document
image.

The major form body segmentation algorithm
performs this required normalization by extracting
from a document image, the major form body seg-
ment (MFBS). The MFBS has no margins and no

skew. This eliminates the contribution of noise that
commonly occurs within the margins of document
images. By simply eliminating the margins, the re-
sulting document image can be comparable to other
documents. This process is characterized by three
general steps. The first step is applying a series of
simple filters to eliminate components of no signif-
icance to the image (such as small speckles). The
second step is a hierarchal construction algorithm
that sequentially combines component rectangles
based on several conditional properties, into body
components. The final step is using these body
components to construct the MFBS [1], [3].

2 Preprocessing: Noise Re-

moval

The MFBS detection algorithm presented paper
corrects for extraneous noise and other artifacts
that come from the scanning process. However, if
at all possible getting rid of these artifacts before
the MFPS detection algorithm begins is desirable.
For this reason we run a noise removal algorithm
prior to the MFBS algorithm.

The noise removal algorithm we implement is
based on an erosion based filter. The erosion algo-
rithm we use looks at every black pixel’s neighbors,
if the pixel is completely isolated it is flipped to
a white pixel. Using this simple erosion technique
we can remove all completely disconnected speckled
noise [2]. (See Figure 1, 2, 3)

3 Major Form Body Segment
Detection
The MFBS detection algorithm works in two main

phases, connected component filtering and hierar-
chal merging. The process starts with a list of con-
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Figure 1: Pixel elimination based on the erosion
algorithm.

Figure 2: The erosion algorithm does not eliminate
the pixel.

Figure 3: Example Erosion Techniques on Actual
Image.

nected components and with the use of connected
component filtering we get rid of connected com-
ponents that obviously are not part of the MFBS.
Following that we take the list of connected com-
ponents and merge them in a way that will always
eventually result in one segment, which becomes
the MFBS.

3.1 Basic component filtering appli-
cation

The first step to eliminating the margins and de-
tecting the MFBS is to perform a component scan
whereby the set C' contains all the connected com-
ponents in the image [4].

Then, several general filtering operations are ap-
plied. The first operation is applied to each com-
ponent of C' to form the set F' such that

F:={Vec; € C| ¢ widath > ©1 N € height > O2}

where ¢ is an individual component, 1 < i < |C|,
Ci width and ¢; peight are the width and height of
that component, and ©; and ©, are thresholds for
the width and height respectively. This operation
makes the assumption that components with width
less than ©1 and height less than ©5 must be noise
components and should not be included as a factor
in the MFBS. (See Figure 4)
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Figure 4: Connected Components in F.

The next operation forms the set P as,

P = {Vei € F'| ¢ widgth > (3 X € height)
y Cidotrinels _ gy

Ci area



where cuofpizels is the number of pixels that com-
pose that component, 1 < i < |F|, ¢areq is the area
of the bounding rectangular box of the component
(the maximum number of pixels that could be in
that component), and ® is an upper of the pixel
ratio of a component. If this ratio is above ® the
area is determined to be a large black area, which
can sometimes be formed with a bad scan, and is
therefore removed. The only large black areas that
should be included in the MFBS are lines. This is
why we check first do the check to see if the width is
at least three times the height, if this is the case the
component should not be removed from the MFBS.
(See Figure 5)
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Figure 5: Connected Components in P.

Lastly we form the set W as,

W .= {VCZ e P | Ci #ofpizels >
d(Ci,pj) < T}

A\ min
1<j<m,i#j

where d(c, P;) is a measure of the distance between
two components, 1 < i < |P|, ¥ is a lower bound
for the number of pixels in a component, and T is
an upper bound for the distance that one compo-
nent can be from another. This operation removes
components whose pixel count is too low to be an
actual character and whose minimum distance from
other components is above a threshold Y meaning
it is too distant to be part of the MFBS. (See Figure
6)
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Figure 6: Connected Components in W.

3.2 Hierarchal Merging Procedures
Sort W such that

W=A{Vei e Wl ¢ict apin < Ciwppin < Cit1 apnin )

where Z,,;, is the leftmost x coordinate of the com-
ponent ¢;.

Each process in this step uses a nested FOR loop
iteration scheme, as seen in Figure 7, to compare
each component with each other component. For

COMPONENT ITERATION TEMPLATE( )
1 for j«—1to |W|-1
2 do if W; exists
3 then for k —j+1 to |W|
do if W), exists
then if < conditions >
then Wj = Wj U Wk
removed(Wy,)

[ BN =N BN

Figure 7: The general process of iterating through
W in order to compare each component with each

other component

each component compared, one or more conditions

are applied to determine whether or not to merge

the components by the operation

W, =w; | Wi

remove(Wry,)



The first step is to merge any component rect-
angles that seem to follow one another vertically.
This process is performed in order to join lines of
text together into a union of these lines based on
the maximum distance possible between words and
lines. The algorithm merging is a merging proce-
dure based on proximities of component rectangles.
The conditions for the merging are
cond; = [W] < Wi Ymidpoint A

Ymin —
Wk Ymidpoint S (W] Ymin + W] height)}
\ [Wk Ymin S W] Ymidpoint A
Wj Ymidpoint < (Wk Ymin T Wi, height)]

COndQ = Wk Tmin (WJ Tmin + WJ wldth) S

The next step is a merging procedure that com-
bines lines based on their vertical relationship,
given by Yiines- The conditions for this merge are

condy = |Wk Ymin (WJ Ymin + Wj height>| <
Viines
|Wj Ymin (Wk Ymin T Wi height)| <
Viines

cond2 = |Wk Tomin Wj Tmin <

YiineEnding

Three constants to be defined are Yyords, Viiness
and ViineEnding Whereby

Ywords = Puords - (FORM,I;}/VIDTH)

Viines = 5“"“'(FORM,ZEIGHT>

h
’YlineEnding - ﬂwords : (FORM,HEIGHT)

where Yyords, Viines, a0d YiineEnding are the respec-
tive thresholds for max distance between words and
lines, w and h are the width and height respec-
tively of the input image, FORM _WIDTH and
FORM _HFEIGHT, and Byords and (jipes are nor-
malization factors.

Once these lines have been merged, then the next
merging procedure is implemented. This next pro-
cedure merges any symbols that are spaced from
each other, but otherwise appear to be apart of a
line. The conditions for this merge are

cond1 = [WJ Ymin < Wk Ymidpoint A

Wi Ymidpoint < Wj Ymin T Wj height)]

(
\ [Wk Ymin S W] Ymidpoint
W

i vmidpoint < (W ypin + Wi height)]

— min(Wj neights W height) S
condy = >p
max(W; neight, Wi height)

conds = (Wj wiath + Wi wideh) >

(Wunionij width X C)

where p is a bound for the similarity of heights be-
tween two components, Wunion;; width is the width
of the resulting rectangle union, and the constant ¢
is a normalization factor for that union.

The next step merges any lines that begin and
end near the same locations along the x-axis, and
are relatively long lines. This binds form bodies
together using and full length body lines. This
combination is based on the minimum length for
a complete form line computed by

w
YcompleteLine = ﬁcompleteLine : (FORM,WIDTH)

where YeompleteLine 15 the minimum length for a
complete form line, and BeompleteLine iS @ normal-
ization factor. The two conditions that must be
met for components to be merged by this applica-
tion are

condi = W zpin = Wi wmin| < ViineEnding
conds = max(Wj ... + Wi widths W @i +
Wj width) - min(Wj zVals Wk: wVal) >

YcompleteLine

Then, any component that has an intersection is
merged.

3.3 MFBS Construction from Body
Components

The final step is to combine the set of rectangular
body segments, W, into one ”best” segment that
marks the major form body segment, m, by some
merging function f where

m — f(W)

After examining W for many images, we deter-
mined that there are two possible ways W can be
divided. First, there is already one very large com-
ponent, in which case this component can be made
the MFBS. Second, there are many small compo-
nents which have not been merged ,in which case



we diagnose the image as segmented and make a
bounding box that covers all of the components
as the final MFBS. The first step of f is to find
the components with the largest and second largest
area, WiargestArea and WiecondArea- Then the con-
struction of m is performed as in Figure 8. After
the final step, m contains the MFBS [5]. (Figure
9)

Bobpy COMPONENT MERGING( )
1 m «— empty
2 if WsecondArea < (WlargestArea * ¢)
3 then m «— largest
4 for i =1 to Wy;,e
5 do if Wi width > Wwidth
6 N W; height =~ Wheight
7 A Wz area = Warea
8 A [M < Wratio

Wi height

9 \ Wz width > wwratio]
10 then
11 m—m{JW;
12
13 else m « largest
14 for i =1 to Wj.e
15 do if W; 4req > largest Areax
16 Warearatio
17 then m — m{JwW;
18

Figure 8: Process for combining components of
W into one component m given WigrgestArea and
WsecondArea

4 Conclusions and Future

Work

Detection of the Major Form Body Segment is an
essential first step in the unconstrained document
analysis process. Using the iterative methods de-
scribed in this paper we created a potent algorithm
for MFBS detection. The algorithm’s strength lies
in its ability to not include other unnecessary arti-
facts that emerge during the scanning process, such
as large black areas and small speckled noise. Once
these artifacts have been removed and the MFBS
has been detected a more worry free analysis of the
document will become possible.

In the future we will incorporate auto-correlation
to help the noise removal process. Also we will
incorporate the information about the placement
and size of the margin’s (from the MFBS process)
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Figure 9: Final MFBS.

to help in our form classification efforts.
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