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Abstract

This article presents a method of segmenting images with gray lev-
els that uses Onicescu’s information energy calculated in the context of
the neutrosophic theory. Starting from the information energy calcula-
tion for complete neutrosophic information, it is shown how to extend
its calculation for incomplete and inconsistent neutrosophic informa-
tion. The segmentation method is based on calculation of thresholds
for separating the gray levels using the local maximum points of the
Onicescu information energy.
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1 Introduction.

This article falls into the category of those who apply neutrosophic theory
in image processing and is a continuation of research presented in previous
papers [5], [6]. After the neutrosophic representation of the information re-
garding the gray levels contained in the image, we will use for segmentation,
the Onicescu information energy associated with the neutrosophic informa-
tion. Image segmentation will be done by determining thresholds to separate
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the gray levels. These thresholds will be defined by the local maximum points
of the Onicescu information energy. The segmentation of a gray level image
actually means the determination of some clusters and we start from the
premise that within each cluster, the Onicescu information energy is maxi-
mum. Next, the article has the following structure: section 2 does a brief
presentation of the neutrosophic representation of the information; section
3 presents Onicescu’s information energy and its extension to neutrosophic
information [7]; section 4 presents the method of constructing neutrosophic
information associated with gray levels and at the same time correlated with
a certain separation threshold; section 5 presents the segmentation method;
section 6 presents the experimental results; section 7 presents some conclu-
sions while the last section is that of references.

2 The Neutrosophic Representation of Infor-
mation.

Neutrosophic information is described by a triplet ¢ = (u,w,v) € [0,1]?,
where p represents the degree of truth, w degree of neutrality and v degree
of falsity [8], [9], [10], [11]. The neutrosophic representation is a generaliza-
tion of the fuzzy representation [12] and at the same time a generalization
of the intuitionistic fuzzy representation [1]. For neutrosophic information
the operations of union, intersection and negation can be defined. For two
neutrosophic information a = (g, ws, V) and b = (up, wy, 1) we define in
this article the union U and the intersection N with the following formulas:

e The union aUb

Haub = Ha V b <1)
Waub = (fta = Va) V (s — ) — (fa — Wa — Va) V (s —wp — 1) (2)
Vaub = fa V o — (,ua - Va) \% (,Ub - Vb) (3)

e The intersection aNb

far = Ha A 1o (4)
Ware = (fa — Va) N (s — V) — (Mo — Wa — Va) A (s —wp — ) (5)
Varb = ta A o — (Ha — Va) N (1 — vp) (6)

where the symbol V represents the maximum while the symbol A represents
the minimum, namely:
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Va,y € 0o, 00),
2V y = max(z, y) (7)
x Ay = min(z,y) (8)
The negation operator for the neutrosophic information a = (u,w,v) is ob-

tained by the negation of each component, i.e. it is defined with the following
formula:

e The negation a
d:(l—/%l—wal—V) (9)

We must mention that the three operators defined above, construct a De
Morgan algebra for neutrosophic information. At the end of the short pre-
sentation of neutrosophic information representation, we must note the fol-
lowing classification:

Neutrosophic information is complete if

p+tw+rv=1 (10)
is incomplete if

pHw+r<l1 (11)
and is inconsistent if

ptw+v>1 (12)

3 Onicescu Information Energy.

Onicescu information energy was defined for probability distributions [2],
[3], [4]. For a discrete probability distribution P = (pi,pa,...,pn), which
obviously verifies the partition condition of unity,

prtpet...+tp,=1 (13)

Onicescu’s information energy was defined with the following formula:
E,(P) =Y 1} (14)
i=1

The Onicescu information energy formula was extended to an n-dimensional
fuzzy representations but which verifies the partition condition of unity.
Thus, for an n-dimensional fuzzy information M = (uq, pa, ..., p, € [0,1]"
and which verifies the partition condition of unity,

prtpet .+, =1 (15)
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using formula (14) we obtain:

E,(M) =3 u? (16)

=1

But there are cases when the fuzzy information M = (uq, pio, ..., ft,) does
not check the partition condition of unity (15) such as intuitionistic fuzzy
information [1], paraconsistent fuzzy information and neutrosophic fuzzy in-
formation [8], [9], [10], [11]. This may be incomplete if:

pr+pe+ o, <1 (17)
or it may be inconsistent, if:
1+ pe+ oy >1 (18)

This happens in the case of neutrosophic fuzzy information because it is
possible that the sum p + w + v is different from 1. If the fuzzy information
M = (uq, pa, - - ., i) is incomplete or inconsistent, a complete information M
is constructed associated with the primary information [7]. Thus, we define
the following parameters:

0= pn+po+. ..+ pp—1 (19)
m = max(—6,0) (20)
We define the components of information 3 with the following formula [7]:

27
i +—
N n

. n 21
=1 (21)

In the next, we will prove that the information M whose components are
defined by formula (21) is a complete information and that it verifies the

partition condition of unity:
d =1 (22)
i=1

From (21) it results:

27
nopt+ — 1

Z;/li:z; R =1+|5|(Z;m+27r) (23)
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The following two formulas result from (19) and (20):
S =146 (24)
i=1

—6 + |9
T=—

2
Replacing (24) and (25) in (23), it results the following two equalities:

n 1 .
> pi= (1+5+2(ST+|5’>=1 (26)
1=1

(25)

1+ 9]

Thus, we proved that the information M = (fi1, fiz, - - ., ftn) defined by
(21) is a complete one and we can calculate the Onicescu information energy
with the formula (16):

B, (M) =Y i (27)

The Onicescu energy of the complete information M will also define the
Onicescu energy for the information M [7], namely:

—

E,(M) = E,(M) (28)

The following equivalent formula results from formulas (27), (28) and (21):

27\ 2
no Het o

E, (M) = 29
M =2 | 15 (29)
In the particular case of the neutrosophic information ¢ = (p,w,v), the

formulas (19) and (20) become:
d=p+w+rv-—1) (30)
m = max(—6,0) (31)

+27r
HT3

1+ 9]

= (32)
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J (33)

&
Il

D 3 (34)

From (27) and (29), we obtain for the neutrosophic information, the following
formulas for the Onicescu information energy:

E,(q) = i® +&* + D? (35)
and
o\ 2 o\ 2 o\ 2
n+ ? w + ? v+ ?
E, = + + 36
(9) 1+ 9] 1+ 9| 1+ 9| (36)

4 The Neutrosophic Information Construc-
tion.

Any image with gray levels is defined by the triplet (D,V, f), where D =

{1,2,...,k — 1,k} x {1,2,...,1 — 1,1} is the domain image, V = [0,1] is

the range of values of the gray levels, while f : D — V is the function that

defines the image. The two parameters k and [ are natural numbers. We will

denote by C} the codomain of the function f, that is Cy = f(D) and then
we define the range of values that includes the codomain CY, that is:

cm = min(Cy) (37)

ey = maz(Cy) (38)

Now, we consider a certain threshold defined by the point t € (¢, car). The
point ¢t defines two subdomains C; and C},, namely:

Cr={ceCflc <t} (39)
C, = {C S Of|C > t} (40)

Next, we will present the necessary steps to construct the neutrosophic in-
formation associated with the separation threshold t. We will calculate the
averages m; and my, for C; and C), with the following two formulas:

my(t) = m CEZCl c (41)

6
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mp(t) = m Z c (42)

ceCy,
To calculate the components of neutrosophic information, we will use the
similarity function for the gray levels from [5], [6]. This similarity function
is defined by the following formula:

s:[0,1] x [0,1] — [0, 1],
B 2|z —y|

1+ |z —0.5]+ |y —0.5]
First, we calculate the similarity between each gray level ¢ € Cf and the

averages my, my and the threshold ¢. The following three similarity values
result: s(c,my), s(c,my) and s(c,t).

s(x,y) =1 (43)

B 2[c — mu(t)]
stem) =1 = S 0B T () = 03 (44)
B 2|c — ma(t)]
s(ema) =1 = o 05+ (D) — 05 (45)
s(et) = 1— 2le—4 (46)

1+ ]c—0.5]+ |t — 0.5
We also define the similarity between a gray level ¢ € Cy and the pair (m;, my,)
with the following aggregation formula:

Sq(c, my, mp) = max(s(c,my), s(c, my)) (47)

With the similarities defined by (44), (45), (46), (47), we will construct the
neutrosophic information for each gray level ¢ and for each threshold ¢ with
the formulas used in [6], [7]. This results in the following calculation formulas:

e The degree of truth:

s(e,my) - (1 — s(c,my))

t) = 4
Klert) 1 —s(e,my) - s(c,mp) (48)
e The degree of neutrality:
(1 —
CU(C, lf) _ 8<Cv t) ( Sa(C, mlamf)) (49)
1 —s(c,t) - sq(c,my, my)
e The degree of falsity:
(1 —
V(e t) = s(c,mp) - ( s(c,my)) (50)

1 —s(c,my) - s(c,mp)
With formulas (48), (49) and (50) we constructed the neutrosophic informa-
tion (u,w,v) for the gray level ¢ and the threshold t.

7
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5 The Segmentation Method.

To begin with, we construct the possible set for the threshold values according
to the values of the gray levels contained in image f. For this, we will use
as a parameter, a natural number ¢ > 100. Thus the possible set for the
threshold values will be defined by the formula:

1 2 Q—l}

@, é, ceey Q
where the pair (¢, cp) is defined by (37) and (38). For each threshold
t € Vgr, we will calculate the average energy for fuzzy sets associated with

the neutrosophic components u, w and v defined by formulas (48), (49) and
(50). Thus, we obtain the partial energies E,(t), E,(t) and E,(t).

Zcecf ,u(c, t)EO<C> t)

Vaor = (cmear) N { (51)

Eﬂ(t) = Zcecf M(C, t) (52)
wl(c, t)Ey(c,t

Bult) = Zcezcjfcec(f w?c, t§ | (53)
> cec, V(e 1) Eo(c,)

B0 =TS e i

d0i:10.20944/preprints202005.0167.v1

where F,(c, t) is calculated by the formula (36) for the triplet (u(c,t),w(c,t), v(c,t)).

The total energy F(t) is calculated with the average of the three partial en-
ergies, i.e.:
B,(t) + Bu(t) + B,

B(t) = A (55)
We assume that at the end of the Onicescu energy calculation stage, we
obtain the following n points of local maximums (t,%,...,t,). These local
maximum points define the following n + 1 subsets: wy; = (¢, t1) N Cy
oW = (tiz1,t) N Cfywpir = (tn, ear) N Cy. Then for each subset w;, we
calculate its mean ¥J;, using the following formulas: Vi =1,2,... n+1,

i ! > (56)

VI c
card(w;) =~

The segmented image is obtained by replacing each gray level that belongs
to the subset w; with the mean ¥;. In formulas (52), (53) and (54) for a
greater refinement of the segmentation, we can replace the set Cy with a
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local neighborhood of the threshold ¢ of the form Cay = Cr N[t — At + A]
where A € (0,1). In this case the formulas (52), (53) and (54) become:

ZceCAf /“L(C7 t>E0(C’ t)

Eu(t) N ZCECAJ’ 'u(c’ t) (57)
w(c, t)Ey(c,t

i - St 59
vie,t)E,(c,t

E,(t) = Z%fe Cif Vza t§ ) (59)

6 Experimental Results.

To test the properties of the method proposed in this article, we used it to seg-

%"

ment the following images with gray levels: ” baboon”, ” Mary”, ”peppers”,
"spider”, ”parrots” and "Bobby”. These images can be seen in Figures 1(a),
2(a), 3(a), 4(a), 5(a), 6(a). The graphic of the functions obtained for the
Onicescu information energy can be seen in Figures 1(b), 2(b), 3(b), 4(b),
5(b), 6(b). The segmented images can be seen in Figures 1(c), 2(c), 3(c),
4(c), 5(c), 6(c). Here are the results:

The Onicescu energy for image ”baboon” has two local maximums for t; =
0.40 and t, = 0.53 while the averages obtained are 9, = 0.28, 15 = 0.46 and
¥y = 0.62.

The Onicescu energy for image ”Mary” has two local maximums for t; = 0.14
and to = 0.44 while the averages obtained are ¥, = 0.05, ¥, = 0.28, and
¥3 = 0.62.

The Onicescu energy for image "peppers” has three local maximums for
t; = 0.20, t, = 0.48 and t3 = 0.88 while the averages obtained are 1; = 0.11,
Y9 = 0.33, ¥3 = 0.64 and ¥, = 0.89.

The Onicescu energy for image ”spider” has two local maximums for ¢; = 0.19
and ty = 0.49 while the averages obtained are ¥, = 0.12, ¥ = 0.35 and
¥3 = 0.53.

The Onicescu energy for image "parrots” has four local maximums for ¢; =
0.20, to = 0.48, t3 = 0.48 and t4 = 0.88 while the averages obtained are
Y = 0.11, ¥ = 0.33, ¥3 = 0.64, ¥4 = 0.64 and J5 = 0.89.

The Onicescu energy for image ”"Bobby” has three local maximums for ¢, =
0.16, t = 0.36 and t3 = 0.69 while the averages obtained are v; = 0.07,
Y9 = 0.23, Y3 = 0.52 and ¥4 = 0.81.

d0i:10.20944/preprints202005.0167.v1


https://doi.org/10.20944/preprints202005.0167.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 May 2020 d0i:10.20944/preprints202005.0167.v1

046
044 1
042 ]
04
038
036 ]
034 02 04 06 08 1
c)

b)

Figure 1: The image "baboon” (a). The graphic of the Onicescu energy and
its local maximums (b). The segmented image with three gray levels (
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Figure 2: The image "Mary” (a). The graphic of the Onicescu energy and
its local maximums (b). The segmented image with three gray levels (¢).

7 Conclusions.

This article presents a method of segmenting images with gray levels using
elements of neutrosophic theory. In fact, each pixel is associated with neutro-
sophic information to which the Onicescu information energy is calculated.
The segmentation method uses the determination of optimal thresholds, for
separating the gray levels in intervals, after which, the averages of these in-
tervals describe the basis for the representation of the segmented image. The
separation thresholds are defined by the local maximum points of the On-
icescu information energy. The experimental results show us that the local
maximums of the Onicescu information energy can be used as thresholds for
separating the gray levels in the segmentation process. It is also observed
that the presented method can provide multiple separation thresholds. On
the other hand, this article is an example of using the neutrosophic represen-
tation of information in the field of image processing with gray levels and at
the same time the use of Onicescu information energy.
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b) c)

Figure 3: The image "peppers” (a). The graphic of the Onicescu energy and
its local maximums (b). The segmented image with four gray levels (¢).
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a) b) c)

Figure 4: The image ”spider” (a). The graphic of the Onicescu energy and
its local maximums (b). The segmented image with three gray levels (c¢).

References.

1. K. Atanassov. Intuitionistic Fuzzy Sets, Fuzzy Sets and Systems, 20,
pp. 87-96, 1986

2. O. Onicescu, Energie informationelle, Comptes Rendues I’Academie des
Sciences, Paris, Seria A, vol 263, 1966.

3. O. Onicescu, V. Stefanescu, Elemente de statistica informationala cu
aplicatii (Elements of information statistics with applications), Editura
Tehnica, Bucuresti, 1979.

4. O. Onicescu, G. Mihoc, Energia informationa (Information energy),
Studii si Cercetari Matematice, vol. 18, 1966.

5. V. Patrascu, Gray Level Image Threshold Using Neutrosophic Cer-
tainty, The Conference on Applied Mathematics and Informatics, CA-
MALI 2019, Bucharest, Romania, November 15-18, 2019.

11


https://doi.org/10.20944/preprints202005.0167.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 May 2020 d0i:10.20944/preprints202005.0167.v1

0 02 04 06 08 1

b)

Figure 5: The image "parrots” (a). The graphic of the Onicescu energy and
its local maximums (b). The segmented image with five gray levels (c).

Figure 6: The image "Bobby” (a). The graphic of the Onicescu energy and
its local maximums (b). The segmented image with four gray levels (¢).

6. V. Patrascu, Gray Level Image Threshold Using Neutrosophic Shannon
Entropy, The 3rd Conference on Recent Advances in Artificial Intelli-
gence, RAAI 2019, Bucharest, Romania, June 28-30, 2019.

7. V. Patrascu, Shannon entropy for imprecise and under-defined or over-
defined information, The 25th Conference on Applied and Industrial
Mathematics, CAIM 2017, Iasi, Romania, September 14-17, 2017, RO-
MAI Journal, vol. 14, no. 1, pp. 169-185, 2018.

8. F. Smarandache, A Unifying Field in Logics: Neutrosophic Logic. Neu-
trosophy, Neutrosophic Set, Neutrosophic Probability, American Re-
search Press, Rehoboth,NM, 1999.

9. F. Smarandache, Neutrosophy, arXiv:math/0010099, 11 Oct. 2000.

12


https://doi.org/10.20944/preprints202005.0167.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 May 2020 d0i:10.20944/preprints202005.0167.v1

10. F. Smarandache, An Introduction to the Neutrosophic Probability Ap-
plied in Quantum Physics, arXiv:math/0010088, 10 oct 2000.

11. F. Smarandache, Neutrosophic Set - A Generalization of the Intuitionis-
tic Fuzzy Set, International Journal of Pure and Applied Mathematics,
24, no. 3, pp. 287-297, 2005.

12. A. L. Zadeh, Fuzy sets, Information and Control, 8 pp. 338-353, 1965.

13


https://doi.org/10.20944/preprints202005.0167.v1

