
The 5th Conference on Mathematics in Engineering: Theory and Applications
Novi Sad, May 9-10th 2020

NEW PIXEL DESCRIPTORS BASED ON NEIGHBOR
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Abstract. In this paper, some new gray-scale and color pixel descrip-
tors are introduced. Presented descriptors can be interpreted as a mea-
sure of the similarity between an observed pixel and its neighbors. The
few approaches presented in this paper are motivated by the well-known
family of Local Binary Patterns (LBP), and introduced descriptors could
be classified as a special part of the mentioned class. These descriptors
can be used in various image processing tasks as image segmentation,
image denoising, object and image recognition and classification, image
texture analysis, etc.
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1. Introduction

Pixels descriptors are widely used in different image processing tasks, see
[4, 5, 6, 8, 12]. All of the observed descriptors represent one class of pixels
descriptors that are developed and used primarily for image texture analysis
and classification problems, see [1, 2, 7, 9, 10]. Because of its success in tex-
ture classification, during the years the Local Binary Patterns (LBP) class has
evolved and expanded significantly, so it finds many other applications, such as
object recognition, face analysis, biometrics, and many medical image analysis
applications.

In publications [3, 11], one LBP motivated pixel descriptor is introduced
and achieved notable results in image segmentation tasks. The mentioned
descriptor will be presented and described in detail in Section 2, because the
other descriptors which we introduce in this paper, Section 3, are the descriptors
of a similar type and represent some extension of the mentioned one. All of
the observed descriptors represents gray-scale or color similarity between an
observed pixel and its neighboring pixels.
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2. Preliminaries and previous research

In gray-scale images, each pixel is represented with its gray-scale value
from the set {0, . . . , 255}, while in color images, the pixel can have ℓ color
components, and each of them take the value from the set {0, . . . , 255} of color
component codes. For example, when image is written in RGB technique, it
means that each pixel is represented with red R, green G and blue B color
component, where ℓ = 3 is the number of color components.

Let pi,j be pixel in i-th row and j-th column of n×m format pixel-matrix.
For any number ℓ of color components, pixel can be represented as ℓ-tuple

pi,j =
(
c
(1)
i,j , . . . , c

(ℓ)
i,j

)
of its color components, where each c

(k)
i,j ∈ {0, . . . , 255},

and k ∈ {1, . . . , ℓ} is the k-th color component code.
In this paper, we will observe pixel pi,j and its 8 nearest neighbors, if pi,j

is in interior of the image, or its 3 or 5 nearest neighbors when pi,j is in the
corner or on the edge of the image, see figures 1, 2 and 3.
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Figure 1: Pixel 8 neighbors.
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Figure 2: Pixel 3 neighbors.
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Figure 3: Pixel 5 neighbors.

For the aim of comparing pixel pi,j with each of neighbor pixels, for each
color component and the threshold level α we define a function which values 0
and 1 indicates the level of ”α-similarity” between observed pixel pi,j and each
of its neighbor pixels. The following pixel descriptor is introduced in [3].
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Definition 2.1. For the pixel pi,j , given threshold value α ∈ {0, . . . , 255}, and
for each neighbor pixel nm, m ∈ {1, . . . , 8}, if exists, α-similarity indicator

I(k)pi,j ;α(m) ∈ {0, 1} of color-component c
(k)
i,j ∈ {0, . . . , 255}, k ∈ {1, . . . , ℓ} of the

pixel pi,j and the same color-component n
(k)
m ∈ {0, . . . , 255} of the neighbor

pixel nm is defined with

(2.1) I(k)pi,j ;α(m) =


1 ,

∣∣∣c(k)i,j − n
(k)
m

∣∣∣ ≤ α

0 ,
∣∣∣c(k)i,j − n

(k)
m

∣∣∣ > α

.

For the pixel pi,j which is not in the interior of the image and because of that

does not have some of the neighbors nm, we define I(k)pi,j ;α(m) = 0.

Remark 2.2.

(i) For the neighbor pixel nm of the observed pixel pi,j , α-similarity indi-

cator I(k)pi,j ;α(m) takes value 1 when the difference of k-th color code is
less or equal from the given limit α, and in that sense represent signal
of α-similarity between pixel pi,j and neighboring pixel nm, if nm ex-
ists. Notice that for each of the color component k ∈ {1, . . . , ℓ} we have
a sequence of 8 indicator values (0 or 1) that represent α-similarity of
observed pixel with its 8 neighbors.

(ii) For pixel pi,j which is on the edge or in the corners of the image and
because of that does not have some of the neighbors nm, it is more natural
to define I(k)pi,j ;α(m) = 0 instead of I(k)pi,j ;α(m) = 1, because indicator value
1 will represent similarity between pi,j and one non-existing pixel nm.

The following pixel descriptor, also introduced in [3], counts the number
of 1 occurrences in I(k)pi,j ;α(m), m ∈ {1, . . . , 8}, and represents the number of
neighbor pixels that are α-similar with the observed central pixel pi,j . This
descriptor counts the neighboring pixels that are α-similar to the central one.

Definition 2.3. For given threshold value α ∈ {0, . . . , 255}, α-indicator coun-
ter of k-th color component of the central pixel pi,j is the value in the range
0, . . . , 8 that is defined with the following equation:

(2.2) IC(k)
α (pi,j) =

8∑
m=1

I(k)pi,j ;α(m),

where I
(k)
pi,j ;α is the descriptor from Definition 2.1.

For each color component k ∈ {1, . . . , ℓ}, descriptor IC(k)
α counts the number

of α-similar neighbor pixels for the central pixel pi,j . From the definition of
α-indicator counter function follows that for all α and β holds

α ≤ β ⇒ ∀n ∈ {1, . . . , 8}, I(k)pi,j ;α(n) ≤ I
(k)
pi,j ;β

(n)

⇒ IC(k)
α (pi,j) ≤ IC

(k)
β (pi,j).
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3. New proposed neighbors-similarity pixel descriptors

In this section, we introduce four new pixel descriptors, based on α-simi-
larity indicator from the Definition 2.1. First of them is SSLBP(k)

α , which is
1-byte, i.e. 8-bit value that represents a sequence of α-indicators for 8 neighbor
pixels.

Definition 3.1. Let α ∈ {0, . . . , 255}. Symmetric Shift α-Local Binary Pat-

tern of k-th color component of the pixel pi,j , denoted by SSLBP(k)
α (pi,j), is

0, . . . , 255 ranged value (1 byte) defined by

(3.1) SSLBP(k)
α (pi,j) =

8∑
m=1

I(k)pi,j ;α(m) · 2m−1.

Descriptor SSLBP(k)
α is not rotation invariant, i.e., for rotated neighborhood

we obtain different sequence of 0 and 1. The definition below presents the
rotation invariant modification of SSLBP(k)

α descriptor.

Definition 3.2. Let α ∈ {0, . . . , 255}. Rotation Invariant Symmetric Shift
α-Local Binary Pattern of k-th color component of the pixel pi,j , denoted by

RISSLBP(k)
α (pi,j), is 0, . . . , 255 ranged value defined by

(3.2) RISSLBP(k)
α (pi,j) = min

{
ROT

(
SSLBP(k)

α (pi,j), s
)
| s = 1, . . . , 8

}
,

where ROT(uc, s) is operator which rotate values 0 and 1 in 8-bits register for
s place right (or left equivalently).

It is obvious that RISSLBP(k)
α is rotation invariant pixel descriptor.

When we want to compare central pixel pi,j with its 8 neighbors in the

sense of SSLBP(k)
α or RISSLBP(k)

α descriptor for k-th color component, it can
be desirable to see at once α-similarity for more than one threshold value
α ∈ {0, . . . , 255}.

Definition 3.3. Let M ∈ N be some given number of levels Λ = (α1, . . . , αM )
of nondecreasing threshold values αm ∈ {0, . . . , 255}, i.e. such that αm ≤ αn

for all m < n.

(a) M -Level Symmetric Shift α-Local Binary Pattern of pixel pi,j is M -byte
wide, i.e. 0, . . . , 28M − 1 ranged number defined by

(3.3) MLSSLBP
(k)
Λ (pi,j) =

M∑
m=1

SSLBP(k)
αm

(pi,j) · 28(m−1).

(b) M -Level Rotation Invariant Symmetric Shift α-Local Binary Pattern is
M -byte wide, i.e. 0, . . . , 28M − 1 ranged number defined by

(3.4) MLRISSLBP
(k)
Λ (pi,j) =

M∑
m=1

RISSLBP(k)
αm

(pi,j) · 28(m−1).
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It is obvious that MLSSLBP
(k)
Λ descriptor is not rotation invariant, and

MLRISSLBP
(k)
Λ is rotation invariant.

In the case of multi-color components, i.e., in the case ℓ ≥ 2, it is of interest
to create one unique pixel similarity descriptor ICα by using particular color-
component similarity descriptors IC(k)

α , k ∈ {1, . . . , ℓ}. We propose the creation
of an 8-bit value using suitable function f , as

(3.5) ICf
α (pi,j) = f

(
IC(1)

α (pi,j) , . . . , IC
(ℓ)
α (pi,j)

)
.

An ℓ-ary aggregation function A[ℓ] : [0, 1]ℓ → [0, 1] is a natural choice

for function f , with the usage of value
1

8
IC(k)

α (pi,j), k ∈ {1, . . . , ℓ} instead

of IC(k)
α (pi,j), k ∈ {1, . . . , ℓ} as arguments, because the values IC(k)

α (pi,j) ∈
{1, . . . , 8}, k ∈ {1, . . . , ℓ}. So, we propose the creation of unique similarity
descriptor ICα by using the following equation

(3.6) IC
A[ℓ]
α (pi,j) = A[ℓ]

(
1

8
IC(1)

α (pi,j) , . . . ,
1

8
IC(ℓ)

α (pi,j)

)
and an appropriate choice of aggregation function A[ℓ]. This proposal, with
the usage of aggregation function, could be used in any other creation of a
pixel descriptor where we want to unify few color-component in one pixel char-
acteristic. The choice of aggregation function A[ℓ] is a question of modelling
the influence of a particular color-component in the unique descriptor value.
For this purpose, we propose several generally accepted and frequently used
aggregation functions that are listed bellow.

(a) Minimum and maximum functions

A[ℓ](x1, . . . , xℓ) = min(x1, . . . , xℓ), A[ℓ](x1, . . . , xℓ) = max(x1, . . . , xℓ).

(b) Arithmetic mean and weighted arithmetic mean

A[ℓ](x1, . . . , xℓ) =
1

ℓ

ℓ∑
i=1

xi, A[ℓ](x1, . . . , xℓ) =
ℓ∑

i=1

λℓ,ixi,

for weight-coefficients λℓ,i ≥ 0, i ∈ {1, . . . , ℓ},
ℓ∑

i=1

λℓ,i = 1.

(c) Generalized means (for some suitable p > 0)

A[ℓ](x1, . . . , xℓ) =

(
ap1 + · · ·+ apℓ

ℓ

) 1
p

.

4. Conclusions

In this paper, we presented several pixel descriptors that can be useful in
many image processing tasks. The Indicator Counter descriptor, [3], from the
definition 2.3 showed excellent performances in image segmentation tasks. We
suppose that Indicator Counter and Symmetric Shift Local Binary Pattern
from the definition 3.1 can also contribute in image segmentation and image
denoising, and that M -Level Symmetric Shift Local Binary Pattern from the
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definition 3.3 can contribute in image texture analysis. Future research will be
focused on examining the usage of the presented descriptors in various digital
image processing tasks.
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