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Abstract: - This paper presents an algorithm for Salt and Pepper noise reduction which can be applied to
binary, gray scale, and color formatted documents. The scheme combines the characteristics of the Applied
kFill Algorithm and Median Filter Algorithm by using window sizes of 3x3 and 5x5, depending on the size of
the Salt and Pepper noise. The goal of this technique is to increase the PSNR of picture images and improve the
quality for scanning documents when using an optical character recognition (OCR) system. The experimental
results show that the proposed scheme can remove Salt and Pepper noise better than the Applied kFill
Algorithm and Median Filter Algorithm and can significantly improve the recognition accuracy of an optical

character recognition (OCR) system.
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1 Introduction

In document processing, scanning is the first step
used to convert a paper document into an image
document. The scanned images might be
contaminated by additive noise and these low
quality images will affect the next step of document
processing. Therefore, a pre-processing step is
required to improve the quality of images before
sending them to subsequent stages of document
processing [1-3]. The completeness of the input
images also has an affect on the accuracy of a
character recognition system [4-8].

There are many kinds of noise in images. One
additive noise called “Salt and Pepper Noise”, the
black points and white points sprinkled all over an
image, typically looks like salt and pepper, which
can be found in almost all documents. A document
usually uses a light background color to highlight
text. The digitized result of these documents will
generate salt and pepper noise in the background.
Upon a closer inspection of many document images,
salt and pepper noise components are found in
binary, gray scale and color images.

Noise reduction is usually performed at a pre-
processing stage in an image analysis process to
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improve the quality of the images [9]. Many
methods have been proposed for removing salt and
pepper noise from images such as the KkFill
Algorithm, Applied kFill Algorithm and Median
Filter [10-12]. The kFill and Applied KkFill
Algorithms are capable of simultaneously removing
both salt noise and pepper noise. However, these
methods can only be used on binary images. The
Median Filter method can be used to remove salt
and pepper noise in binary, gray scale and color
image. However, this method requires a long
computation time. This paper presents a scheme
which is a combination of the Applied kFill
Algorithm and the Median Filter Algorithm to
remove this type of noise in binary, gray scale and
color images, with considerably less blurring than
the Median Filter Algorithm while preserving useful
detail in the image.

2 Related Works

2.1 kFill Algorithm [10-12]

The kFill filter is a scheme designed to reduce salt
and pepper noise in images. For text images, in
which the information is binary, salt and pepper
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noise is almost always prevalent. This noise appears
as isolated pixels or pixel regions of ON noise in
OFF backgrounds or OFF noise (holes) within
characters and other foreground ON regions. In this
algorithm, a black pixel is called ON while a white
pixel is called OFF. The process of removing this
noise called “Filling”.

In this algorithm, a window size of k x k pixels is
moved over an image in the raster-scan direction.
Inside the window, there are (k-2) x (k-2) regions,
called the core, and 4(k-1) pixels on the window
perimeter, called the neighborhood. The filling
operation entails setting all values of the core to ON
or OFF, depending on pixel values in the
neighborhood. The decision of whether or not to fill
with ON(OFF) requires that all core values must be
OFF(ON), depending on two variables, determined
from the neighborhood. For a fill-value equal to
ON(OFF), the n variable is the number of ON-OFF
pixels in the neighborhood, and ¢ is the number of
connected groups of ON-pixels in the neighborhood
[10-11].

Filling occurred only when n is greater than a n
and c are equal to 1. The value of n is set as a
function of window size, n = 3k-4, to retain the text
features described above. The stipulation that c=1
ensures that filling does not change connectivity
(that is, does not join two letters together or separate
two parts of the same connected letter). This method
is performed iteratively on the image until no filling
occurs and is only used in binary images. Fig. 5-8
shows the results of applying the kFill algorithm on
a gray scale document image.

wiamliinas

Fig. 5. An original image

R EENIERTALE:

Fig.6. The result of using the kFill algorithm on
the image in Fig. 5.
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Fig.7. An original image after adding salt and
pepper noise of 15%.

wiaulSnes

Fig.8. The result of using the kFill algorithm on
the image in Fig. 7.

2.2 Applied KkFill Algorithm [10-12]

In many document images, salt and pepper noise
components are frequently larger than one pixel. In
such cases, a window size larger than 3x3 pixels
should be used, and the kFill Algorithm will never
fill the noise components smaller than the core size,
The kFill Algorithm will not fill the core region
with neither ON or with OFF, because all core
pixels are not the same value. This algorithm fills
the core with OFF when the majority of pixels are
ON or when the majority of pixels are OFF. This
method is fast and effective. It can remove noise of
different sizes and shapes while maintaining the
sharpness of the text and graphical components.
However, the algorithm can only be used on binary
images. The results of the Applied kFill algorithm
are shown in Figure 9-12.

sanilmanssuauuanus

Fig. 9. An original image

sonranssunuuanusy

Fig.10. The result of using the Applied kFill
algorithm on the image in Fig. 9.
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Fig.11. The original image in Fig.9 after adding
salt and pepper noise of 15%.

- sonifnenssunuusnuey

Fig.12. The result of using the Applied kFill
algorithm on the image in Fig. 11.

2.3 Median Filter [9][13]

The median filter Algorithm is a non-linear
digital filtering technique, often used to remove
noise from images or other types of signals. The
basic idea of this algorithm is to examine a sample
of the input and decide if it is representative of the
signal. This is performed using a window consisting
of an odd number of samples. The values in the
window are sorted into numerical order. The median
value, the sample in the center of the window, is
selected as the output. The oldest sample is then
discarded and a new sample is acquired, and the
calculation is repeated. Median filtering is a
common step used in image processing. It is
particularly useful for reducing speckle noise and
salt and pepper noise. Its edge-preserving nature
makes it useful in cases where edge blurring is
undesirable. This is one of those techniques in
which each pixel and its neighbors must be
processed in turn. So select an example black pixel
and a few of its neighbors as shown in Fig. 13 and
the value of each pixel, which are presented in Table
1.

After

Before

Fig. 13. An example of the Median Filter
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Table 1 — The value of each pixel

129 | 113 | 132
126 0 166
139 | 168 | 202

The steps of the Median Filter procedure are

described as:

1. Sort all the pixels in the neighborhood
according to their strength :
Sorted list: 0, 113, 126, 129,*132*, 139, 166,
168, 202

2. Take the pixel that is exactly in the middle of
the ‘sorted list’ and replace the old ‘object’
pixel with the new ‘middle’ pixel. In other
words, the old black pixel is replaced with the
value of *132* (If the neighborhood under
consideration contains an even number of
pixels, the average of the two middle pixel
values is used) Figure 14-16 illustrates a result.

"ig.ul 6 After Mdin Filter

Issue 4, Volume 9, April 2010



WSEAS TRANSACTIONS on COMPUTERS

3 The Proposed Algorithm

The proposed algorithm is an extension of the
author’s work [7][8] to remove salt and pepper noise
in binary, gray scale and color images. In this
algorithm, a black pixel is defined as ON, a white
pixel as OFF and k is the window size, similar to
that used in the kFill algorithm. The steps of the
algorithm are as the following:

e Count ON or OFF pixels of the core ((k-2)*(k-
2)).

o If the numbers of ON or OFF pixels in the core
are more than half of all the pixels in the core
(((k-2)*/2)+1), then a decision is made to fill the
core with the median pixel value from the core
and the surrounding neighborhood.

o If the numbers of ON or OFF pixels in the core
are less than one half of all pixels in the core (((k-
2)?/2) +1), then a decision is made to fill the core
with the median pixel value from the core.

e If all pixels in the core are not ON or OFF then
fill the core with the original pixels values.

A flowchart of proposed algorithm is shown in
the Fig. 17.

Start

L J

‘ Count #OM within the core

L 4

Count #0FF within the core

Fill the core with
Original of core

Fill the core with
Median of core

Fill the core with
Median of kxk

Fig. 17 Flowchart of the proposed algorithm
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4 Peak signal-to-noise ratio (PSNR)
[14]

The PSNR is most commonly used method to

measure the quality of reconstructed images. The

calculation used by this method is based on the

mean squared error (MSE) which is defined as:
m—1n—1

1 . e
MSE = — SN G ) - KL )1

i=0 =0

Where [(ij) refers to the original image, K(ij)
represents the approximated version and m, n are
the dimensions of image. The PSNR is defined as:

MAX? MAX
PSNR =10 -10g19 | o7 | = 20 - logio [ —===
SNR = 10 Ogm( MSE) 0 Ogl"( MSE>

Here, MAX; is the maximum possible pixel value in
the image. For color images with three RGB values
per pixel, the definition of PSNR is the same except
the MSE is the sum over all squared value
differences divided by image size and then divided
by three. Typical values for the PSNR in a lossy
image are between 30 and 50 dB, where a higher
value is better.

5 Experimental results

The proposed scheme was tested with color and
gray scale images and also tested with OCR
systems.

5.1 Color and Gray scale Images

The proposed algorithm was implemented and
tested with 10 color images and 10 gray scale
images which were downloaded from an image
database website. In the experiment, each image had
salt and pepper noise added with probabilities
ranging from 5% to 30%. Then, each image was
tested using window sizes of 3 x 3 and 5 x 5. The
experimental results of the proposed algorithm were
then compared with the kFill Algorithm, Applied
kFill Algorithm, and the Median Filter algorithm.
Some of the experimental results of the tested color
and gray scale images are shown in Fig. 18 and Fig.
19, respectively.
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(a) An original color (b) with Salt and Pepper
image Noise20%

3x3 3x3

(f) after proposed
3x3 algorithm 3x3

LR N

2

(g) After kFill Algorithm
5x5 5x5

(i) After Median Filter

(j) After Proposed
5x5 Algorithm 5x5

Fig. 18: The results of a gray scale image with a
window size of 3x3 and 5x5
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N == §o
(a) An original gray
level image

T $
S ~ g °

(e) After Median (f) After Proposed
Filter 3x3

Algorithm 3x3

N Aave

(g) After kFill
Algorithm 5x5

o 1)
(1) After Median Filter (j) After Proposed
5x3 Algorithm 5x5

Fig. 19: The results of a gray scale image with a
window size of 3x3 and 5x5
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Comparison of the PSNR for color images of the
proposed scheme and other methods with a window
size of 3x3 and 5x5 are shown in Table 2 and Table
3, respectively.

Table 2 - The comparison of PSNR of color
images of window size of 3x3
PSNR
Window size of 3x3
Algorithms
Noise Probability (%)
5% | 10% 15% 20% | 25% | 30%
Original
image with | 1373 | 1031 8.59 742 | 652 | 582
noise
KFill
Algorithm | 6.84 | 6.77 6.63 642 | 614 | 583
Applied
kFill 684 | 677 6.63 642 | 614 | 583
Algorithm
Median
Filter 23.05 | 2280 | 2229 | 21.36 | 19.90 | 18.50
Proposed
Algorithm | 33.69 | 3050 | 2791 | 2557 | 23.12 | 21.10
Table 3 - The comparison of PSNR of color
images of window size of 5x5
PSNR
Window size of 5x5
Algorithms
Noise Probability (%)
5% | 10% 15% 20% | 25% | 30%
Original
imagewith | 1373 | 1031 8.59 742 | 652 | 582
noise
KFill
Algorithm | 6.16 | 5.14 3.96 2.87 | 200 | 135
Applied
KFill 672 | 671 6.69 667 | 664 | 658
Algorithm
Median
Filter 1999 | 1992 | 1984 | 19.76 | 19.68 | 19.55
Proposed
Algorithm | 2092 | 2087 | 2074 | 2058 | 2040 | 20.12

Comparison graph of the PSNR for color images
of the proposed scheme and other methods using a
window size of 3x3 and 5x5 are also shown in
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Fig.20.
40.00
35.00 1
30.00
. 25.00 4 —a— Without noise reduction
S —a— KFill Algorithm
nz: 20.00 —o— Applied kFill Algorithm
2 —>— Median Fitter

—a— Proposed Algorithm

15.00 -
10.00

5.00 4 g @

0.00

5% 10% 15% 20% 25% 30%
Noise Probabilities

a) Window size of 3x3

25.00

20.00 4

—a— Without noise reduction

15.00 4 —a— kFill Algorithm

—o— Applied kFill Algorithm

PSNR (Db)

10.00 1 —¢— Median Filter

—a— Proposed Algorithm

5.00 4

0.00

5% 10% 15%  20% 25% 30%

Noise Probabilities

b) Window size of 5x5
Fig. 20 The graph of PSNR of color images

Table 4 - The comparison of PSNR of gray level

images of window size of 3x3

PSNR
. ‘Window size of 3x3
Algorithm
s
Noise Probability (%)
5% 10% 15% 20% 25% 30%
Original
mage with | 1186 8.73 7.21 6.05 5.13 4.42
noise
KkFill
Algorithm 5.81 5.69 5.57 5.33 5.01 4.66
Applied
KFill 581 | 5.69 5.57 533 5.01 4.66
Algorithm
Median
Filter 21.19 | 20.78 20.40 19.55 18.14 16.61
Proposed
Algorithm | 30.30 | 27.52 25.02 23.10 21.15 19.19
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Table 5 - The comparison of PSNR of gray level 5500
images of window size of 5x5
30.00 |
25.00 |
PSNR —aA— Without Noise Reduction
g 20.00 4 XN(\)\\\( —=— KFill Algorithm
. . @ —o— Applied kFill Algorithm
Asorith Window size of 5x5 E 15.00 4 e Median Fiter
gorithms —a— Proposed Algorithm
Noise Probability (%) 10.00 4 :
5% | 10% 15% 20% | 25% | 30% 5001
Original oo S 10% 5% 20%  25% 0%
imagewith | 1186 | 873 | 721 | 605 | 513 | 442 et
noise . : - : : : Noise Probabilities
kFill
Algorithm | 443 | 3.52 241 138 | 0.10 | -0.66 , ,
s a)Window size of 3x3
Applied
kFill 548 | 547 5.46 544 | 540 | 533
Algorithm
20.00
Median x% o x *——
Filter 18.05 | 17.98 | 17.93 | 1791 | 17.81 | 17.69
15.00 1
Proposed
Algorithm 18.00 18.04 17.98 17.91 17.74 17.56 A Without Noise Reduction
g 1000 —=— KFill Algorithm
- —o— Applied kFill Algorithm
? 0] o—o0 o o O | |—x—Medan Fiter

Comparison of the PSNR for gray scale images of
the proposed scheme and other methods with a
window size of 3x3 and 5x5 are shown in Table 4
and Table 5, respectively.

A comparison graph of the PSNR for gray scale
images of the proposed scheme and other methods
with the window size of 3x3 and 5x5 are also shown
in Fig.21.

5.2 Its Application on OCR systems

The proposed scheme was also tested with 24
documents. These documents were scanned with a
resolution of 300 x 300 dpi. In the experiments, salt
and pepper noise was added to these image
documents with a probability ranging from 5% to
30%. The results of the experiment were used to
compare the proposed algorithm using a window
size of 3 x 3 and 5 x 5 depending on the size of
noise in the image with the Median Filter
Algorithm, the kFill Algorithm, and the Applied
kFill Algorithm. The experimental scanned results
were used as the input to two commercials OCR
software systems in the Thai language namely:
ThaiOCR version 1.5 and ArnThai version 1.0. Both
using a window sizeof 3x3 and 5x5. The results
after filtering are shown in Fig. 22 and Fig. 23.
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0.00

-5.00

5%

-\-\‘\‘\i\A —a— Proposed Algorithm

—y
10% 15% 20% 25% 30%

Noise Probabilities

b) Window size of 5x5

Fig. 21 The graph of PSNR for gray scale images

NSNUSEHINUSEINE

a) original gray scale image

b) 0r1g1na1 image with Salt and Pepper Noise 15%

;ﬁmimm mwﬂawmﬂ

¢) after the kFill Algorlthm 3x3

;ﬁmimm mwﬂawmﬂ

d) after the Apphed kFill Algorlthm 3x3
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N1SIAUSEUINUSEING
e) after the Median Filter 3x3
NS UTEBINUTLUNE

f) after the proposed algorithm 3x3

Fig. 22. Using a window size of 3x3

NSEUSEHINUIELNG

a) original gray scale image

b) original image with Salt and Pepper Noise 15%

¢) after the kFill Algorithm 5x5
MEstius sy 19U 2o
d) after the Applied kFill Algorithm 5x5
N15IIUSE NS Eine
e) after the Median Filter 5x5
NS USEWINUSEING

f) after the proposed algorithm 5x5
Fig. 23. The used of a window size of 5x5

The result of applying the proposed scheme to
documents and then processing them using an OCR
system is shown in Table 6-9.
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Table 6 The recognition results of OCR software
using a window size of 3x3

ThaiOCR 1.5

Text Type Noise Probability )

5% 10% 15% 20% 25% 30%
Original image 60.9 30.2 18.9 10.1 6.2 3.7
with noise
kFill Algorithm 65.2 42.8 28.5 18.9 13.2 6.8
Applied kFill 62.5 46.1 28.7 20.0 13.0 6.8
Algorithm
Median Filter 63.4 57.8 49.3 45.5 28.5 24.0
Proposed 75.4 62.8 57.4 46.7 45.6 35.5
Algorithm

Table 7 The recognition results of OCR software
using a window size of 3x3

ArnThai 1.0
Text Type Noise Probability @)
5% 10% 15% | 20% | 25% | 30%
Original image | 711 61.0 532 | 384 | 309 | 194
with noise
kFill Algorithm 77.9 70.2 679 | 541 | 502 | 465
Applied  kFill | 77.9 68.2 679 | s41 | 498 | 465
Algorithm
Median Filter 68.2 59.7 560 | 503 | 471 | 436
Proposed 75.1 73.7 72.0 63.1 58.7 59.6
Algorithm
Table 8 The recognition results of OCR software
using a window size of 5x5
ThaiOCR 1.5
Text Type Noise Probability )
5% 10% 15% | 20% | 25% | 30%
Original image | 51.03 2858 | 17.10 | 1217 | 651 | 3.19
with noise
kFill Algorithm 7.60 232 244 | 125 | 130 | 101
Applied  kFill | 57.02 4423 | 3662 | 2936 | 1444 | 15.04
Algorithm
Median Filter 16.78 1963 | 1304 | 812 | 898 | 756
Proposed 53.09 3747 | 4050 | 29.01 | 27.43 | 19.54
Algorithm
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Table 9 The recognition results of OCR
software using a window size of 5x5

ArnThai 1.0

Text Type Noise Probability ()

5% 10% 15% 20% 25% 30%
Original image 71.82 61.4 55.29 40.78 34.01 23.88
with noise
kFill Algorithm 16.03 10.40 12.16 6.87 7.90 6.82
Applied  kFill 61.89 58.41 54.87 43.81 38.85 36.98
Algorithm
Median Filter 48.61 44.10 36.38 34.84 28.38 27.83
Proposed 68.99 63.37 61.67 54.34 53.20 48.38
Algorithm

A comparison of the effectiveness of the proposed
scheme with other methods is also shown in Fig. 24-
28.

120
100 94
80 4
60
40 A
20 4 Unprocessed

U L} T T 1 Ll T
005 010 015 020 025

OCR percent contact

Noise probability

Fig. 24. A comparison of the proposed scheme with
kFill
T 120
)
E o
c \
E 80
g g0
g 60
£ 40 4
¥
© 204 Unprocessed o
0.05 010 015 020 025 030
Noise probability
Fig. 25. A comparison of the proposed scheme with
Applied kFill
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120
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40

20 A

OCR percent contact

Median

005 010 015 020 025 030
Noise probability

Fig. 26. A comparison of the proposed scheme with

Median Filter
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£ 1001
e
4] 80 4
E Proposed algorithm
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S 40 4
S A1 Unprocessed
D T T T T T T
005 010 015 020 025 030
Noise probability
Fig. 27. A comparison of the proposed scheme with
no noise reduction
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(@ 3 \ Toledian
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Fig. 28. A comparison of the proposed scheme with

all other methods

6 Conclusion and discussion

This paper presents an algorithm for salt and
pepper noise reduction in image documents. This
algorithm is a combination of the Median Filter and
Applied kFill Algorithms. The proposed algorithm
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can remove Salt and Pepper noise of any size that is
smaller than the size of document objects. This
method is fast and can be used effectively on binary,
gray scale and color images, with considerably less
blurring than other methods and at the same time
preserving useful details in the image. The
experimental results show that this proposed scheme
can significantly increase the PSNR of color and
gray scale images. It can be used to remove noise of
difference sizes depending on the amount of noise.
The experimental results also show that this
proposed scheme can significantly improve the
character recognition rate of commercially available
OCR software.
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