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ABSTRACT: In handwritten document image 
processing, a handwritten document is scuazned by a 
jlatbed scanner or camera arrangement. Ideally, we 
require to retain only the image of the handwriting 
without the background Unfortunuteb, in many 
cases, background detail is also present in the 
scanned image. There are several factors 
contributing to this. One factor is the nature of the 
 gaper,^ it may contain color, pictures or patterns, it 
may be thin so handwriting on the reverse side shows 
through. Another factor is the handwriting implement 
used to produce the handwriting. Other possible 
factors can be defects of the scanner and improper 
setting of the scanning parameters. In this paper, a 
fuzzy based image enhancement technique to extract 
just the gray scale handwriting from a handwritten 
document image is presented The technique is based 
on f uzv  ifthen rules applied on two f u z v  sets whose 
parameters are estimated The technique has been 
tried SuccessfuDv on images of handwriting with 
bright-colored handwriting media, color paper, very 
thin paper, and paper with colorful pattern. The 
technique is particularly useful to the application of 
document processing that deal with gray level 
images. 

1. INTRODUCTION 

Previous research in document image processing has 
mainly dealt with black and white images. In 
applications such as optical character recognition, a 
thresholded and thinned image of handwriting is often 
sufficient. In other application like recovery of on- 
line information, for example, detection of character 
sequence construction for forensic analysis purposes 
or enhanced signature verification, a thresholded and 
thinned image of handwriting is no longer sufficient. 
To obtain sufficient information, one needs a gray 
scale non-thinned version of the handwriting image 
[2]. There i s  a problem occurring from usage of a 
gray level image, that is the inclusion of background 
in the scanning process. The ideal image is a gray 
level handwriting image with totally white 
background where the handwriting is unchanged in its 
representation in term of shape, detail, and gray scale. 
Only the background has been removed. By carefully 
selecting and tuning the scanner's parameters 
sometimes one can obtain the ideal image. However, 
there are some situations in which the background is 
inevitably included in the image and in an automatic 
system it is not possible lo tune the scanning process 

for each image. Thc situations may be due to very 
thin paper [5], color paper, paper with light-colored 
picture on it, and thin or bright handwriting media 
such as pencil and light-color marker. Therefore, a 
technique is needed to enhance the image so that the 
handwriting can be separated from the background. 

The theory of fuzzy sets were first introduced by 
Lofti Zadeh in 1965. Its aim is to model ambiguity in 
the real physical world [SI. Since then, fuzzy set 
theory has been applied to image processing such as 
image enhancement [1,3,10,12,16], noise removal 
[ 131, image segmentation [7,14], clustering [ 1 51, 
character recognition [6], image reconstruction [lo], 
thresholding [12], objcct recognition [ 1 1]? etc. 

In his paper on Softcomputing, Lofti Zadeh listed 
two important concepts of fu2zy logic. linguistic 
variable and fuzzy ifthen rule. Linguistic variable is a 
variable whose values are words or sentences in a 
natural or synthetic language. Fuzzy if-then rule is a 
rule in which the antecedent and consequents are 
propositions containing linguistic variables. He 
argues that it mimics the remarkable ability of the 
human mind to summarize data and focus on 
decision-relevant information 191. The fuzzy rule if- 
then has been successfully applied to numerous 
applications in image processing such as image 
enhancement, edge detection, filtering [ 1,3,4]. 

2. FUZZY IF-THEN RULES 

There is an assumption used in this technique. The 
first is that the handwriting (foreground) and the 
background are intensity separable. It is not 
necessary, though, to have a single threshold value 
that can separate foreground and background 
completely. In many cases, it is hard to find a single 
threshold value. This is where the fuzzy logic plays 
its part. 

In normal cases, handwriting will appear black 
and the background will appear gray or white. So, 
suppose there are two intensity values A and C, A < 
C, such that all pixels with intensity value less than or 
equal to A belong to the foreground, and all pixels 
with intensity value greater than or equal to C belong 
to the background. We also have pixels with intensity 
greater than A but less than C which we are not sure 
belong to foreground or background. We can divide 
the image into three subimages (see Table 1): 
foreground, background, and subimage between 
foreground and background. l'he method to estimate 
parameters A and C is discussed in section 3. 
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Table I. Subimages o f  handwriting document 

background 
background 

Now assume the lowest intensity value m = 0 and 
the highest intensity value M = 255, which means 256 
gray scale. Two fuzzy sets need to be defined. The 
first is fuzzy set foreground. The membership 
function of the set is described below (also see Fig. 
1). 

i 1. O < x <  A 

degree 0.4 

0.2 

0 A C 255 
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Fig 1. Membership function of fuzzy set 

foreground 

The second fuzzy set is background. The 
membership function of the set background is 
described below (also see Fig. 2) 

i 0, O < x < A  

~ e ~ b e ~ ~ h , ~  0.6 
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Fig 2. Membership function of fuzzy set 
background 

The fuzzy if-then rules are defined as follows. 

I f  thc pixcl belongs strictly to the background 
then make it bright (white) 
If the pixel belongs to the background then 
make it brighter 
If the pixel belongs strictly to the foreground 
then make it dark (black) 
If the pixel belongs to the foreground then 
make it darker 

A pixel belongs strictly to the background means 
it is a member of fuzzy set background and it is not a 
member of fuzzy set foreground (pf i~l i ,reground(~)  = 0). 
This means pixels with intensity greater than or equal 
to C belong strictly to background. Similarly, a pixel 
belongs strictly to foreground means it is a member 
of fuzzy set foreground and it is not a member of 
fuzzy set background (phockgro,,n~x) = 0). This means 
pixels with intensity less than or equal to A belong 
strictly to foreground. Pixels with intensity greater 
than A but less than C belong to both fuzzy set 
foreground and background. 

Let Xdenote a pixel's intensity and y denote a 
new pixel's intensity after applying the fuzzy rules to 
x . The following pseudo-code is the implementation 
of the fuzzy if-then rules listed above. 

Rule (1) translates to: 

If x 2 then y = 255 I* white *I 

To implement rule (2), an intensity transformation 
needs to be chosen so that pixels with intensity nearC 
are brightened the most, and pixels with intensity 
near A are brightened less. If a linear transformation 
is used, then rule (2) translates to: 

If A < x < c then y = x + Ax 
(X - 11)(255 - C> 

A x =  

where 

K- A )  

Rule (3) translates to: 

If x 5 A then y = 0 I" black * I  

As in rule (2), the intensity transformation has to 
be chosen in a way such that pixels with intensity 
near A are darkened more than pixels with intensity 
near C. 

Rule (4) translates to: 

If A < x < C then y 

Ax= 
A(C-  X) 

( C -  A )  

= x - Ax where 

To optimize computation, the implementations of 
rule (2) and rule (4) can be combined in one 
transformation: 

If A < x < c then y = x + Ax 

A x =  

where 
~ ( 2 5 5  + A - C) - 255A 

( C - 4  

3. PARAMETERS ESTIMATION 

The method of estimating parameters makes use of 
the frequency histogram of the image. Let xi denotes 
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pixel with intensity i and f ( x i )  denotes number of 
pixels with intensity i. The method to estimate 
parameters A and C is described below. 

4. E X P E ~ ~ ~ E ~ T A T I Q N  RESULTS 

The technique was on four colnbinations of 
paper and handwriting media. ‘The documents were 

1.  

2. 

3. 

4. 
5. 

6. 

Pick a local maximum that is nearest the lowest 
intensity (black) and call it p. 
Pick the second local maximum that is nearest to 
the lowest intensity and call it q. 
Maximize the following function by varying U 

from 1 to (q-p)/2. Then choose umax = U such 
that it maximizes the fbnction g(u). 

i=p+u 

Choose A = p + U max- I 
Maximize the following function by varying v 
from I to (q-p)/2. Then choose vmax = v such 
that it maximizes the function h(v). 

h(vmax)= max {h(v)} where 
v = l . . (  y-p) /2  

z f ( x i )  

I =q -2v+ l  

Choose C = q - v max+ 1 

. _  

scanned with resolution 600 dpi and 256 gray scale 
using a flatbed scanner. The parameters of the 
scanner were set up in a way such that the image of 
the handwriting was readable to a human, i.e., 
distinguishable from background. 

In experiment 1 (see Fig. 3a j  the handwriting 
media’s color differed little from the background 
(silver vs. white). In experiment 2 (see Fig. 4a), a 
color paper was used. The image appears similar to 
that of experiment I .  This i s  due to the slight 
difference in intensity of the handwriting and the 
background. In experiment 3 (see Fig. Sa), the 
handwriting on the reverse side of the paper is 
included in the scanned image because the paper was 
very thin. In experiment 4 (see Fig. 6a), the paper 
contains a colorful pattern. 

Table 2. Exneriments Tvoe 

The technique was applied to the scanned images. 
After one pass of the technique, we can see that the 
resulting images contain only the handwriting (see 
Fig 3b, 4b, 5b, 6b) and very little or no background. 
The background has been successfully removed from - 
the images. The estimated parameters A and C for 
each image are given in table 3. The estimation is based on maximizing the ratio 

of the cumulative frequency of the part that is nearest 
to the local maximum and the part that is second 
nearest to the local maximum. The value of umax 
tends to be close to p if the frequency histogram’s 
curve around p is a steep peak. The less steep the 
peak is, the farther the value umax is from p. The 
same property applies to vmax, which tends to be 
close to q when the peak around q is steep, and tends 

Table 3. Value of Estimated Parameters 

to move farther from q when the peak is less steep. 
In most cases, images of handwriting tend to 

cluster in the lowest intensity, which means p=0. 
There can be one or several local maxima at intensity 
value greater than p. It is found that in most cases the 
intensities that are greater than q (the second local 
maximum from the lowest intensity) belong to the 
background. Therefore only two local maxima that 
are nearest the lowest intensity need to be considered. 

In Fig Sb and Fig 6b, there is a small part of the 
background that was not eliminated in one pass of the 
technique. To overcome this, the resulting image can 
be passed for a second time to the technique. 
Alternatively, in the case of Fig 5b, since the 
remaining background is scattered and has low 
intensity value, it can be treated as salt and pepper 
noise and can be removed by, say, a median filter. 

In Fig 4a and 7b (a magnified version of Fig Sa 
and Fig 5b respectively), we can see that the 
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6. 
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background is removed, but the original handwriting 
image is still well preserved. However, some pixels at 
the end of letter ‘w’ are gone. This is due to the 
intensity values of the pixels that are about the same 
with the background. In fact, such intensity values 
appear somewhere else in the background. Therefore, 
by the assumption that foreground and background 
are intensity separable, this problem cannot be 
solved. An adaptive version of the technique is 
needed to solve it. 

5. CONCLUSIONS 

The technique presented in this paper is a tool to 
separate handwriting from the background in a 
handwriting image. The technique also has the 
desirable property that it maintains the gray scale of 
the handwriting image. This is necessary in some 
handwriting processing techniques. Other advantages 
are listed below. 

The fuzzy if-then rules are image type- 
independent. They can be applied to other type of 
images other than handwriting images. What 
may need to be adapted is the criteria by which a 
pixel is determined to belong to the foreground 
or the background. If the foreground and the 
background of the image are still intensity 
separable, then what may need to be adapted is 
only the parameters estimation technique. 
The fuzzy if-then rules are linguistic rules, thus 
they are simple, flexible, and easy to understand. 
The technique only requires minimal knowledge 
of the image, i.e., the frequency histogram. It 
works well when the assumption that the 
handwriting and the background in the image are 
intensity separable is met. 
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Fig 3a. Original Image (felt-tipped silver pen) 

I 1 

I I 
Fig 3b. After Extraction 

Fig 4a. Original Image (color paper) 

Fig 4b. After Extraction 

Fig 5a. Original Image (thin paper) 

Fig 5b. After Extraction 
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Fig 6a. Original Image (coloful-pattern paper) 

I 

Fig 6b. After Extraction 

Fig 7a. Enlarged Letters ‘dw’ From Fig. 5a 

I I 
Fig 7b. Enlarged Letters ‘dw’ From Fig. 5b 
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