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Abstract

A neutrosophic set (NS), a part of neu-
trosphy theory, studies the origin, na-
ture, and scope of neutralities, as well
as their interactions with different idea-
tional spectra. The neutrosophic set is a
general formal framework that has
been recently proposed. However, the
neutrosophic set needs to be specified
from a technical point of view. Now,
we apply the neutrosophic set into im-
age domain and define some concepts
and operators for image denoising.

The image G is transformed into
NS domain, which is described using
three membership sets: T, I and F. The
entropy of the neutrosophic set is de-
fined and employed to evaluate the in-
determinancy. A new operation, vy-
median-filtering operation, is proposed
to decrease the set indeterminancy and
remove noise. We have conducted ex-
periments on a variety of noisy images
using different type of noise with dif-
ferent levels. The experimental results
demonstrate that the proposed ap-
proach can remove noise automatically
and effectively. Especially, it can proc-
ess not only noisy images with differ-
ent levels of noise, but also images
with different kinds of noise well with-
out knowing the type of the noise,
which is the most difficult task for im-
age denoising.

Keywords: Image denoising, neu-
trosophic set, entropy.

1. Introduction

Neutrosophy, a branch of philosophy,
introduced in [1] as a generalization of
dialectics, which studies the origin, na-
ture, and scope of neutralities, as well
as their interactions with different idea-
tional spectra.

Neutrosophy  theory  considers
proposition, theory, event, concept, or
entity, <A> is in relation to its opposite,
<Anti-A> and the neutrality <Neut-A>,
which is neither <A> nor <Anti-A>.
The <Neut-A> and <Anti-A> are re-
ferred to as <Non-A>. According to
this theory, every idea <A> tends to be
neutralized and balanced by <Anti-A>
and <Non-A>.

In a classical way <A>, <Neut-A>
and <Anti-A> are disjoint two by two.
In many cases, the borders between
notions are vague and imprecise, and it
is possible that <A>, <Neut-A> and
<Anti-A> (and <Non-A> of course)
have common parts two by two as well.

The neutrosophy is the basis of the
neutrosophic logic, neutrosophic prob-
ability, neutrosophic set, and neutroso-
phic statistics [1].

In neutrosophic set, the indetermi-
nacy is quantified explicitly and the
truth-membership, indeterminacy-
membership and falsity-membership

Proceedings of the 11th Joint Conference on Information Sciences (2008)
Published by Atlantis Press

© the authors

1



are independent. This assumption is
very important in many applications
such as information fusion in which we
combine the data from different sen-
sors. The neutrosophic set is a general
formal framework which generalizes
the concept of the classic set, fuzzy set
[2], interval valued fuzzy set [3], in-
tuitionistic fuzzy set [4], interval val-
ued intuitionistic fuzzy set [5], para-
consistent set [1], dialetheist set [1],
paradoxist set [1], and tautological set
[1].

Noise is very common in imaging
systems which occurs in image acquisi-
tion, transmission, etc. Image denois-
ing is one of the most widely investi-
gated topics in image preprocessing,
pattern recognition and image vision
[6]. Despite that a huge number of ap-
proaches has been proposed, denoise
algorithms performance mainly de-
pends on a suitable representation to
describe the original image information
and noise type.

The neutrosohic set had been ap-
plied into image processing. [7] pro-
posed a thresholding algorithm based
on neutrosophic, which could select the
thresholds automatically and effec-
tively. In this paper, a new neutrosphic
set approach, NS filter, is proposed
for image denoising. First, the image is
transformed into the neutrosophic set
and a new filtering operation, y-
median-filtering, is employed to reduce
the indetermination degree of the im-
age, which is evaluated by the entropy
of the indeterminate subset. After fil-
tering processing, the noise will be re-
moved. The experiments on real im-
ages having different kinds of noise
with different levels demonstrate that
the proposed approach can perform de-
noising better.

2. Proposed method

2.1. Neutrosphic set

The definition of a neutrosophic set
and its properties are introduced briefly.

Definition 1 (Neutrosophic set)
Let U be a universe of discourse, and
a neutrosophic set A is included in U .
An element x in set A is noted as

x(T,I,F). T, 1 and F are real stan-
dard or non-standard sets of ]170,1°[
with supT =t_sup , inf T =t_inf ,
sup l=i_sup inf I=i_inf
supF=fsup , inf F=f_inf and
n_sup=t sup+i_sup+ f sup ,
n_inf =t inf +i_inf+f.inf . T , I

and F are called the neutrosophic
components.

2.2. Neutrsophic Image

Definition 2 (Neutrosophic im-
age): Let U is a universe of discourse,
and W is a set of U , which is com-
posed by bright pixels. A neutrosophic
image P, is characterized by three
membership sets T, | and F.

A pixel P in the image is de-
scribed as P(T,I,F) and belongs to
W in the following way: it is t% true
in the bright pixels set, i% indetermi-
nate, and f % false, where t varies in

T, i variesin | ,and f variesin F.

Then the pixel P(i, j) in the image
domain is transformed into the neutro-
sophic set domain

P (b 1) ={T (@ 1), 1, j), F (i, 1)}
TG,j), 1(G,j) and F(i,j) are the
probabilities belong to white pixels set,

indeterminate set and non white pixels
set, respectively, which are defined as:

7, )= 20D "0 )

max min
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Wi=—3 S gmn) @

WXW w2 n=j-wi2
N () I
I(I’J)=—5max—5mm ®)
o(i, j) =abs(g(i, j)—g(, ) (4)
F@G,j)=1-T(,j) ()
where g(i, j) is the local mean value
of the pixels of the window. &(i, j) is

the absolute value of difference be-
tween intensity g(i, j) and its local

mean value g(i, j) .
2.3. Neutrosophic Image Entropy

Definition 7 (Neutrosophic image
entropy) Neutrosphic entropy of an
image is defined as the summation of
the entropies of three subset T, | and
F:

Eny = En; +En, + En. (6)
max{T}
Ene=— > pr)Inpc() (7)
i=min{T}
max{1}

En,=— > p,@)Inp () (8)

i=min{1}
max{F}

Ene =— >, p-(i)Inpe(i) (9)

i=min{F}

where En,, En, and En. are the en-
tropies of sets T, I and F, respec-
tively. p; (i), p, (i) and p. (i) are the
probabilities of elements in T, | and

F , respectively, whose values equal to
i

2.4. y-median-filtering operation

The values of I(i, j) is employed

to measure the indeterminate degree of
element P (i, j) . To make the set |

correlated with T and F, the changes
in T and F influence the distribution
of element in | and vary the entropy
of I.

Definition 8 (y-median-filtering
operation): A y-median-filtering op-
eration for Py, Py (7), is defined as:

P (/) = PT (), 1(7), F(»)) (10)

~ T I<y
T(y)z{f L,

T (i, j)= median{T (m.n)} (12)

~ F I<
F(y)={ﬁ Ty

zy
F, (i, j) = median{F (m,n)} (14)
[ (G _§f(i’j)_§fmin
|,(H)—m (15)

5.(i, J) = abs(T (i, ) ~T (i, 1)) (16)
o 1 i+w/2  j+w/2
@(i,j)=

> > T(mn) (17)

WXW S w2n=j-wi2

—|)|

where &+ (i, j) is the absolute value of
difference between intensity f(i, j)

and its local mean value 'F(i,j) at

(i, j) after y-median-filtering operation.
The new neutrosophic approach to

image denoising is described as bel-

lows:

Step 1: Transform the image into NS

domain;

Step 2: Use y-median-filtering operation

on the true subset T to obtain T; ;

Step 3: Compute the entropy of the inde-

terminate subset 1, E”f, @);

En; (i+1)-En; (i)
- — —<9,00to

Enf7 0]

Step 4: If

Step 5;
Else T =T,, go to Step 2;
Step 5: Transform subset T; from the

neutrosophic domain into gray level do-
main.
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3. Experimental results

In the experiments, we used ‘Lena’, to
evaluate the performance of the proposed
method and compare with two filters:
median filter and mean filter. Different
kinds of noise with different levels are
added into the image.

The performance of the denoising al-
gorithm is measured by the peak-singal-
to-noise ( PNSR)) [8], which is defined as:

H-1w-1

2.2 (o) =1,(r,0)’

PSNR = -10log| =22 ;
H xW x 255

(18)
where I(r,c) and 1 (r,c) represent the
intensities of pixel (r,c) in the noise-free
images and images after filtering, respec-
tively. The higher the PSNR is, the better
the denoising algorithm is.

In first step, the proposed denosing
algorithm, NS filter is compared with
median filter and mean filter in removing
Gaussian noise with different variances.
Fig. 1(a) is the original image, and Fig.
1(b) is the image resulted of Fig. 1(a)
added with Gaussian noise with 0 mean
and 22.5 variance. Figs. 1(c) and 1(d) are
the denoising results of median filter and
mean filter, respectively. Figs. 1(e) is the
result of the proposed method, NS filter.

From the comparison on visual and
guantity measures in Fig. 1, we can con-
clude that the NS denoising method not
only removes Gaussian noise properly
and achieves best visual result in Fig. 1(e),
but zilso has higher Pl;{_SR .

(b)

e

Fig.1. (a) The ori(gi?1al image. (b) The
original image with Gaussian noises (mean:
0, standard deviation: 22.5). (c) The image
filtered using median filter (PSNR: 25.95).

(d) The image filtered using mean filter
(PSNR: 26.25). (e) The image filtered using
NS filter (PSNR: 26.95).

Secondly, a series of Lena images
with different variances are employed to
test the performance of the NS filter,
median filter and mean filter. The PSNR
values of these results are shown in Fig. 3.
The standard deviation value of Gaussian
noise added to Lena image changes from
25.5 to 255. The PSNR values of the im-
ages using NS filter, median filter and
mean filter vary from 26.95 to 21, 25.95
to 17.44 and 26.25 to 19.82, respectively.
At different noise level, the PSNR values
of NS filter is always the highest, which
means that NS filter achieve the best
performance on Gaussian noise removing.

0 ms s 7es 12 s 1\ 1es a4 2285 2% 205
Noises standard deviat on

Fig. 2. The comparison of different fil-
ters on images with Gaussian noise. x : NS
filter; 4 : Median filter; O : Mean filter.
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Meanwhile, NS filter is employed to
remove other types of noise, such as Salt
and Peeper noise. In Fig. 3, we can see
that the NS filter outperforms median
and mean filters on images with Salt and
Pepper noise with 20% noise densities.

Another group of Lena images with
Salt and Pepper noise with different noise
densities are utilized to remove noises by
using the NS filter, median filter and
mean filter. The PSNR values of these
results are shown in Figure 4. The noise
density value changes from 20% to 75%
on Lena image. The PSNR values of the
images using NS filter, median filter and
mean filter vary from 28.08 to 17.56, 27
to 11.08, and 20.72 to 14.98, respectively.
At different noise levels, the PSNR val-
ues of NS filter is always the highest,
which means that NS filter achieve the
best performance on Gaussian noise re-
moving. From Fig. 4, we can see that the
NS filter outperforms median and mean
filters on images with different noise den-
sitiei.

Fig. 3. (&) The Lena image. (b) The im-
age with Salt and Peeper noises (noise den-
sity: 0.2). (c) The image filtered using me-

dian filter (PSNR: 27.01). (d) The image

filtered using mean filter (PSNR: 20.72). (e)
The image filtered using NS filter (PSNR:
28.08).

Fig. 4. The comparison of different fil-
ters on images with Salt and Pepper noise.
x : NS filter; + : Median filter; O : Mean

filter.

4, Conclustions

In this paper, a novel technique, neu-
trosophic image denoisng approach, is
proposed based neutrsosophic set. The
image G is described as a NS set using
three membership sets T, | and F. The
entropy in neutrosophic image domain is
defined and employed to evaluate the in-
determination. A new filtering operation,
y-median-filtering operation, is proposed
to reduce the set’s indetermination and
remove the noise in image. The experi-
mental results show that the proposed
method can perform better not only on
the images with the noise of different
kinds levels, but also on the images with
different kinds of noise well without
knowing the type of the noise, which is
the most difficult task for image denois-
ing. The properties of neutrosophic image
will achieve more applications in image
processing and computer vision.
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