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Abstract

A neutrosophic set (Ns), a part of neutro-
sophy theory, studies the origin, nature,
and scope of neutralities, as well as their
interactions with different ideational
spectra. The neutrosophic set is a power-
ful general formal framework that has
been recently proposed. However, the
neutrosophic set needs to be specified
from a technical point of view. We apply
the neutrosophic set in image domain and
define some concepts and operations for
image thresholding.

The image G is transformed into Ns
domain, which is described using three
subsets T, | and F. The entropy in neutro-
sophic set is defined and employed to
evaluate the indetermination. A new A-
mean operation is proposed to reduce the
set’s indetermination. Finally, the pro-
posed method is employed to perform
image thresholding. We have conducted
experiments on a variety of images. The
experimental results demonstrate that the
proposed approach can select the thresh-
olds automatically and effectively. Espe-
cially, it can process the “clean” images,
the images with different kind of noise
and the images with multiple kinds of
noise well without knowing the type of
the noise, which is the most difficult task
for image thresholding.

Keywords: Neutrsophic set, Maximum
entropy, Image threshold.

1. Introduction

Neutrosophy, a branch of philosophy, in-
troduced by Florentin Smarandache [1] as
a generalization of dialectics, which stud-
ies the origin, nature, and scope of neu-
tralities, as well as their interactions with
different ideational spectra.

Neutrosophy theory considers every
proposition, theory, event, concept, or
entity, <A> in relation to its opposite,
<Anti-A> and the neutralities <Neut-A>,
which is not A, <Non-A>, and that which
is neither <A> nor <Anti-A>. The <Neut-
A> and <Anti-A> are referred to as
<Non-A>. According to this theory every
idea <A> tends to be neutralized and bal-
anced by <Anti-A> and <Non-A> ideas.

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

Neutrosophy is the basis of neutroso-
phic logic, neutrosophic probability, neu-
trosophic set, and neutrosophic statistics
[1].

For classical set, the indetermination of
each element in the set could not be
evaluated and described. The fuzzy set
introduced by Zadeh [2] has been applied
in many real applications to handle uncer-
tainty. The traditional fuzzy set uses a
real number u,(x)<[0,1] to represent
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the membership of fuzzy set A defined
on universe X . Sometimes, if u,(x) it-

self is uncertain, it is hard to be defined
by a crisp value [3]. In some applications
such as expert system, belief system and
information fusion, we should consider
not only the truth-membership supported
by the evidence, but also the falsity
membership against by the evidence.
That is beyond the scope of fuzzy sets.

In neutrosophic set, indeterminacy is
quantified explicitly and the truth-
membership, indeterminacy-membership
and falsity-membership are independent.
This assumption is very important in
many applications such as information
fusion in which we try to combine the
data from different sensors. Neutrosophic
set generalizes the concept of the classic
set, fuzzy set [2], interval valued fuzzy
set [4], intuitionistic fuzzy set [5], inter-
val valued intuitionistic fuzzy set [6],
paraconsistent set [1], dialetheist set [1],
paradoxist set [1], tautological set [1].

In this paper, the new Neutrosphic set
approach to image thresholding is pro-
posed. First, the image is transformed
into neutrosophic set and a new operation,
A-mean, is employed to reduce the inde-
termination degree of the image, which is
evaluated by the entropy of the indeter-
minate subset. Then, the image becomes
more uniform and homogenous, and more
suitable for thresholding. Finally, the im-
age in Ns is thresholded using a histo-
gram threholding method. The experi-
ments on artificial images with different
levels of noise and real images demon-
strate that the proposed approach can re-
duce the indeterminate of the images and
perform thresholding with better result
especially, in noisy cases.

2. Proposed method

2.1. Neutrosphic set

Neutrosophic set and its properties are
discussed briefly [1].

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

x(T,I,F). T, 1 and F are real stan-
dard or non-standard subsets of ]70,1°[

with supT =t_sup , inf T =t.inf |,
sup I =i_sup inf I=i_inf |
supF="f sup , inf F=f_inf and

n_sup=t sup+i_sup+ f_sup ,

n_inf =t inf +i_inf+finf . T, | and

F are called neutrosophic components.
The element x(T,I,F) belongs to A

in the following way: it is t% true in the
set, i% indeterminate in the set, and f%
false, where t variesin T, i variesin I,
f wvaries in F . Statically T, | and F

are subsets, but dynamically T, | and
F are functions/operators depending on
many known or unknown parameters.
The subsets T, | and F are not neces-
sarily intervals, and may be any real sub-
unitary subsets: discrete or continuous;
single-element, finite, or countable or un-
countable infinite; union or intersection
of various subsets; etc. They may also
overlap.

In neutrosophic set, some basic opera-
tions are defined accordingly.
2.2.  Neutrsophic Image

A new neutrsophic approach to image
processing is discussed.

Definition 2 (Neutrosophic image):
Let U be a universe of discourse, and
W be a set included in U , which is
composed by bright pixels. A neutroso-
phic image P, is characterized by three
subset T, | and F.

A pixel P in the image is described as
P(T,I,F) and belongs to W in the fol-

lowing way: it is t% true in the bright
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pixel set, i% indeterminate, and f%
false, where t varies in T, i variesin I,
and f variesin F.

The pixel P(i, j) in the image domain
is transformed into neutrosophic domain
Pas (b ) ={T (i, 1), 1, §), F (L )}

T(,j), I, j) and F(i, j) are the prob-
abilities belong to white set, indetermi-

nate set and non-white set, respectively,
which are defined as:

06.0) =0 g,

TG, j)=
Gmax ~ Gimin
. Ho(i, j)—Ho,_,
IG,j))=1-——————™ (2
@i, 1) Ho. —Ho,. 2

F@, ) =1-T(, J) ®)

Ho(i, j) =abs(e(i, j)) (4)

where Ho(i, j) is the homogeneity
value of T at (i, j), which is described
by the local gradient value e(i, j) .

After the image is transformed in Ns
domain, some concepts and operations in
neutrosophic domain are defined and em-
ployed.

2.3. Neutrosophic Image Entropy

For gray image, entropy is utilized to
evaluate the distribution of different gray
level. If the entropy is maximum, the dif-
ferent intensities have equal probability
and the intensities distribute uniformly. If
the entropy is small, the intensities have
different probabilities and their distribu-
tions are non-uniform.

Definition 3 (Neutrosophic image en-
tropy) Neutrosphic image entropy is de-
fined as the summation of the entropies of
three subset T, |1 and F, which is em-
ployed to evaluate the distribution of the
elements in neutrosphic domain:

Eny =En; +En, + En. (5)

En, =-3 p, ()In p, (i) (6)
En, =3 p,()Inp, i) (7)

Ene =) pe ()Inpe (i) (8)
where En, , En, and En. are the en-
tropy of subsets T, | and F, respec-
tively. p, (i), p,(i) and p.(i) are the
probabilities of elementi in T, | and
F , respectively. En, and En. are util-
ized to measure the distribution of the
elements in Neutrosophic set, and the en-
tropy of T, En, is employed to evaluate
the indetermination distribution.

2.4. A-mean operation

The value of I(i,j) is employed to

measure the indeterminate degree of ele-
ment P (i, j) . It means that the element

is indeterminate, whose indeterminate
degree is measured by the value in | sub-
set. For making subset | be correlated
with T and F subsets, the changes in T
and F influence the distribution of ele-
mentin | and the entropy of 1 .

In gray level domain, a mean operation
for image X is defined as:

i+w/2  j+w/2

Y(i,j):i > > X(m,n) (9)

WXW nZiTwi2 n=j-wr2
Definition 8 (A-mean operation): A
A-mean operation for B, Pus (A) is de-
fined as:
Pus (1) = P(T (), 1(A), F(1)) (10)

'F/?,—T H<4 11
()_f Iz/l()

i+w/2  j+w/2

ﬂ(i,j)zw% >, > T(mn) (12

m=i-w/2 n=j-w/2

_ F I<4
F(/l)z{E s (13)

- 1 i+w/2  j+w/2
Fili, )=—— > > F(mn) (14
Wx m=i-w/2 n=j-w/2
- Ho(i, j) — Homin
I/l |, :1_T 15
( J) HOmax — HOmin ( )
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where Ho(i, j) is the homogeneity value

of 'F(ﬂ) at (i, j). w is the local window

size.
After a A-mean operation is performed
on neutrosophic set B, the entropy of

the indeterminate subset | is decreased
and the distribution of the elements in |
becomes more non-uniform. It leads to
the decrease of the indetermination of the
neutrosophic set Py, .

2.5. Thresholding

After the true subset T is handled using
A-mean operation, the noise inT is re-
moved and T becomes more homogene-
ous, which is suitable to segment the sub-
set T precisely even using a simple
threshold method.

In this paper, we utilized a simple
thresholding method, Otsu's method [7]
which finds the global optimum threshold
t that minimizes the interclass variance of
the background and objects.

Otsu's method reduces the interclass
variance defined by the following equa-
tion:

a(t)=c,(t)o,()+c, (), () (16)
where o(t) is the sum of variances of the

two classes as a function of the threshold
t. o () and c(t) are the respective

variance and probability of class i ,
i=1,2. Threshold t that results in the

minimization of o(t) separates the two

classes as the foreground and background,
respectively.

3. Experiments and discussions.

We have applied the proposed approach
to a variety of images and compared the
performance with that of some existing
methods. A novel thresholding method [8]
is based on Parzen window technique
which claimed that it has the better per-
formance on image thresholding than that

of Otsu method [7], the minimum error
thresholding (MET) method [9] and en-
tropy-based method [10]. Therefore, we
compared the performance of the pro-
posed algorithm with that of the Parzen-
Window based Threshloding (PWT)
method [8].

3.1. Performance evaluation

In the experiments, we use several syn-
thetic images to and real images to com-
pare the performance.

An artificial image with two intensities,
0 and 255, is added with different levels
of noise. Fig. 1(a) is the artificial image
which was added with Guassian noise,.
whose mean is 0 and standard variance is
178.5. Fig. 1(b) is the thresholded result
using PWT method, and Fig. 1(c) is the
result by the proposed method.

It can be seen clearly that the proposed
method can perform better than PWT
method. Many pixels in Figs. 1(b) and
2(b) are classified into wrong groups,
while they are segmented correctly in
Figs. 1(c) and 2(c)

(b) (©
Fig. 1. () The image with Gaussian noise.
(b)Result by the PWT method. (c)Result by
the proposed method.

3.2. Experiments on real images

Some real images are utilized to test the
performance of the proposed method.
Figs. 2(a)-4(a) are the original images,
Figs. 2(b)-4(b) are the results using PWT,
and Figs. 2(c)-4(c) are the results using
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the proposed method. From the experi-
mental results, it is shown that the thresh-
olded images by the proposed method
exhibit visually better or comparable
quality.

Fig. 5(a) is the real image with Guas-
sian noise, whose mean is 0 and standard
variance is 2.55. Fig. 5(b) is the result us-
ing PWT method, which is affected
deeply by the noises. The result by the
proposed method in Fig. 5(c) can elimi-
nate noise and perform better than others.

All the images in the experiments can

be downloaded from:
http://cvprip.cs.usu.edu/YHGuUo/NSTH/Fi
qures.zip .

To sum up, the proposed method is not
only feasible for thresholding the clear
images and but also thresholding noisy
images, due to the fact that the proposed
approach can handle the indetermination
well.

)

(a
(b) c
Fig. 2. (@) The original image. (b)Result by the
PWT method (Threshold value: 166).

(c)Result of the proposed method (Threshold
value: 166).
—

©000°% 000 %

» 0 ®0 ) 0 00

) %o: Q) %o: <

B, ,o(b) o‘d B, »o) oj
C

Fig. 3. (8) The original image. (b)Result by the
PWT method (Threshold value: 92). (c)Result

Fig. 4. (@)The original image. (b)Result by the
PWT method (Threshold value: 125).
(c)Result of the proposed method (Threshold
value: 120).

; (@)
(b) (©
Fig. 5. (a) The original image with noise.
(b)Result by the PWT method (Threshold

value: 164). (c)Result of the proposed method
(Threshold value: 148).

4. Conclusions

In this paper, a novel neutrosophic set
approach to image thresholding is pro-
posed. The image is described as using
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three subsets. The entropy in Ns domain
is defined and employed to evaluate the
indetermination. A new A-mean operation
is proposed to reduce the set’s indetermi-
nation. Finally, the proposed method is
employed to perform thresholding. The
experiment results show that the proposed
method can not only perform better on
clear artificial images, but also on the
noisy images. The proposed approach can
find more applications in image process-
ing and patter recognition.
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