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Abstract. Region growing-based color image segmentation approaches suf-

fer from expensive computation cost. In order to overcome this issue, a novel

region-based color image segmentation method based on P systems is proposed

in this paper. A tissue-like P system is designed in such a way that an adaptive

selection of target regions is achieved. The proposed method is evaluated on

several real-life color images.
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1. Introduction

Image segmentation is an important problem in computer vision and video ap-
plications. It is a process of dividing an image into several regions according to
specific rules [1]. These regions are mutually disjoint, well-defined and have the same
properties. The purpose of segmenting an image is to identify regions that are then
utilised to recognize and understand the image. In the past decades, a large number
of image segmentation algorithms have been developed [2, 3, 4]. These algorithms
can be roughly classified into three categories: threshold-based segmentation meth-
ods, edge-based segmentation methods and region-based segmentation methods. The
threshold-based segmentation method is one of the oldest. It is a simple and popu-
lar technique for image segmentation, which uses the image histogram to select the
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appropriate threshold(s), in accordance with some criteria, in order to divide an im-
age into two or more pixel collections. Its underlying assumption is that an image
consists of different regions corresponding to the gray-level ranges. It has been used
widely as a tool to segment the gray images, but only a few works on color image
segmentation have been reported. The main advantage of this technique lies in its
simple computation approach. However, the threshold-based segmentation method
ignores the spatial relationship information. The edge-based segmentation method is
extensively utilized for gray-level image segmentation, which is based on the detection
of discontinuity in the gray level. An edge or boundary is a place where there is a
more or less abrupt change in the gray level. Amongst the most used edge detection
operators are Roberts operator, Sobel operator, Guass-Laplace operator and Canny
operator. There are two key approaches regarding the region-based segmentation
method: region growing and splitting-merging. Region growing polymerizes image’s
pixels or sub-regions that are considered as seeds into larger regions according to some
criteria [5]. The characteristics of pixels and the adjacency of spatial distribution are
fully considered in region growing. However, because of its iterative computational
process, region growing has a high computing cost.

Membrane computing, as a branch of natural computing, is a class of computing
models inspired by the structure and functioning of living cells as well as from the
cooperation between cells in tissues and organs [6]. The computing models are also
known as P systems. Generally, a P system consists of three characteristics: (i) mem-
brane structure, (ii) multisets of objects and (iii) evolution rules. The multisets of
objects are placed in compartments surrounded by membranes, and evolving by the
use rules [7]. According to the membrane structure, P systems can be roughly classi-
fied into three categories: cell-like P systems, tissue-like P systems and neural-like P
systems. A variety of P systems have been proposed [8, 9, 10, 11, 12, 13]. Tissue-like
P systems are inspired by the intercellular communication and cooperation between
cells, where the cells are considered as nodes (processors) and communications of ob-
jects between the cells reflects their connection. Thus, a tissue-like P system can be
considered as a net of processors dealing with symbols and communicating them along
the specified channels. In addition to the advantage of distributed parallel comput-
ing, tissue-like P systems have evolution and communication mechanisms of objects,
which allow the evolution of objects as well as the exchange and sharing of objects
between elementary membranes.

Recently, some works on the use of membrane computing to image segmentation
have been reported. Dı́az-Pernil et al. [14] developed an image segmentation method
on 2D images using P systems, which was applied to medical image segmentation.
This method regarded the pixels in an image as the objects in the designed mem-
branes. Christinal et al. [15] presented an image segmentation method based on
tissue-like P systems, which segmented the images using the 4-neighborhood relation
of pixels in the 2D-image. However, they only addressed the segmentation results of
artificial images rather than real-life images. Wang et al. [16] proposed an optimal
single-level thresholding method based on P systems. Peng et al. [17] presented a
three-level thresholding method based on cell-like P systems for image segmentation.
Zhang et al. [18] developed an infrared object segmentation method with membrane
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computing, which was used to obtain the optimal parameters quickly. Peng et al. [19]
proposed an optimal multi-level thresholding method based on tissue-like P systems
and fuzzy entropy. Dı́az-Pernil et al. [20] proposed a parallel implementation of a
new algorithm for segmenting images with gradient-based edge detection by using
techniques from membrane computing. Yang et al. [21] developed a region-based
segmentation method with membrane computing, which effectively segmented gray
images. However, the method cannot be extended to color images.

This paper focuses on the use of the inherent mechanisms and parallel behavior
of tissue-like P systems to overcome the drawbacks of the existing region-based color
image segmentation methods, and propose a novel region-based color image segmen-
tation method based on tissue-like P systems.

The rest of this paper is organized as follows. In Section 2, we review the definition
of a tissue-like P system. In Section 3, we firstly review the principle of region
segmentation used in this work, and then describe the proposed image segmentation
method based on tissue-like P systems. Experimental results are provided in Section
4. The conclusions are discussed in Section 5.

2. Tissue-like P systems

In this section, we briefly review the definition and mechanisms of tissue-like P
systems. More detailed descriptions of tissue-like P systems can be found in [7, 8, 22,
23].

Formally, a tissue-like P system (of degree d ≥1) with symport/antiport rules is
a construct

Π = (Γ,Σ, E , ω1, . . . , ωd, R, io) (1)

where

(1) Γ is the alphabet of objects.

(2) E = Γ− Σ is the alphabet of objects in the environment.

(3) wi, 1≤ i ≤ d, are finite sets of strings over Σ associated with the regions
1, 2, . . . , d. The environment is labeled by 0. They represent multisets of objects
initially present in the regions.

(4) R is a finite set of rules, which includes rules of three types:

(a) Evolution rule: u → v, where u, v ∈ Γ∗.

(b) Division rule: [ ]i → [ ]i[ ]s1 · · · [ ]si , where i, s1, . . . , si ∈ {1, 2, . . . , q}.
(c) Communication rules: (i, u/v, j), where u, v ∈ Γ∗, i ∈ {0, 1, 2, . . . , q}.

(5) i0 is a label of a membrane, which indicates the output region of the system.

The tissue-like P system consists of d cells, which are placed in the environment.
Objects are processed by the evolution rules. Each membrane usually contains one
or more evolution rules of form u → v, u, v ∈ Γ∗. The application of the rule u → v
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means that u will be evolved to v. In order to deal with some real-world problems,
the evolution rules usually need to be specially designed according to the domain
knowledge.

The objects are moved between cells by the use of the communication rules. Ob-
jects are also exchanged with the environment. The object communications implicitly
reflect the connection relationships between these cells. There are two types of com-
munication rules: symport and antiport rules. A symport rule is of the form (i, u/λ, j)
with i ̸= 0, j ̸= 0. This shows a direct connection between cell i and cell j. The ap-
plication of the rule means that u will be communicated from cell i to cell j. A
communication rule (i, u/v, j) is called an antiport rule, u ̸= λ and v ̸= λ. An an-
tiport rule (i, u/v, j), with i ̸= 0, j ̸= 0, shows a direct connection between i and j.
The application of this rule means that the multisets represented by u and v will be
interchanged among the two cells. In this context, the environment can be considered
as a virtual node of the graph such that its connections are defined by communication
rules of the form (i, u/v, j), with i = 0 or j = 0.

In addition, there are also other kinds of rules, such as division rule. The division
rule is used to split a membrane into several membranes.

A computation in a tissue-like P system is a sequence of steps which start with
the cells 1, . . . , d containing the multisets w1, . . . , wd and where, in each step, one or
more rules are applied to the current multisets of symbol objects. A computation is
successful if and only if it halts. When it halts, it produces a result in output cell.

The inherent mechanisms of tissue-like P systems provide a great flexibility in
dealing with real-world problems. In this work, we will apply this model to define a
region-based color image segmentation method.

3. The proposed region-based color image
segmentation method

3.1. The method for automatic target point selection

We consider a pixel as target point if it satisfies two criteria given below. In
this work, we use a target points method which is a modified version of the method
described in the current literature [24].

1st criterion: The similarity of the pixel with its neighbors is higher than a thresh-
old value T1.

For a color image, the similarity of a pixel with its neighbors is calculated as
follows. As shown in Fig. 1(a), if we want to calculate the similarity of the pixel at
(i, j), we consider the eight pixels in red.

According to the 3× 3 neighborhood, the standard deviations of Y , Cb, Cr com-
ponents are calculated respectively by:

σx =

√√√√1

9

9∑
i=1

(
xi − x̄

)2
, (2)
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where xi can be Y or Cb or Cr, and x̄ = 1
9

∑9
i=1 xi is the average value of all the nine

pixels in the 3× 3 window. The standard deviation of each pixel is calculated by:

σ = σY + σCb
+ σCr (3)

Next, the standard deviation of each pixel is normalized as follows:

σ
′

x = σx/σmax (4)

where σmax is the maximum value of standard deviations of all sliding windows.
Finally, the similarity value Hx of each pixel to its neighborhood is defined as:

Hx = 1− σ
′

x (5)

We get the threshold value T1 using usual Otsu’s method. The between-class variance
of the sliding window is seen as the threshold value T1.

(i-1, j) (i, j) (i+1, j) (i+2, j)

(i-1, j-1) (i, j-1) (i+1, j-1) (i+2, j-1)

(i-1, j+1) (i, j+1) (i+1,j+1) (i+2,j+1)

(i-1, j+2) (i, j+2) (i+1,j+2) (i+2,j+2)

(a)
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Fig. 1. (a) the yellow point is the pixel that will be calculated; (b) membrane structure of

the tissue-like P system; (c) the yellow part is the target region marked by ‘R1’, the red

part is the target region marked by ‘R2’, but the yellow part and the red part should

belong to the same region.

2nd criterion: The maximum distance of the pixel to its neighbors is less than a
threshold value T2.

The relative Euclidean distances of a pixel to its neighbors are calculated as follows:

di =

√
(Y − Yi)2 + (Cb − Cbi)2 + (Cr − Cri)2

Y 2 + C2
b + C2

r

(6)

where i = 1, 2, . . . , 8. Thus, the maximum distance of the pixel to its neighbors is
calculated by

dmax = max8i=1{di} (7)

In our experiment, the value T2 will be determined empirically. For a color image, if a
pixel of the image satisfies the two conditions above, it is regarded as a target point.
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3.2. The processing of target regions

After the selection of target points, we label the target regions by A1, A2, . . . , An,
where Ai represents the ith region and its area is denoted by Si. When the size
of a target region is smaller than 1/500 of the whole image, we will discard this
target region. The processing way of target regions is suitable for using the designed
tissue-like P system to achieve the region-based segmentation.

Based on the selected target points, the pixels which have a certain similarity
with the seed points are merged to form new seed regions. The process of growing
the target regions can be described as follows:

(1) Set the flags of all target points to be 1 to determine the initial seeds regions.

(2) Scan the whole image line by line. For each pixel, if its flag is 1, each pixel in
its 8-adjacent neighborhood is processed as follows: set its flag to be 1 and put
it into the corresponding seed region when it is similar with the seed point and
its flag is 0.

(3) Repeat step (2) until all seed regions are no longer growing.

If the relative Euclidean distance of a pixel to its neighbor is less than the threshold
value T2, we say that the pixel is similar with its neighbor.

3.3. The proposed segmentation algorithm based on P systems

The region-based image segmentation method proposed in this paper is based
on a tissue-like P system. The tissue-like P system applies its evolution rules and
communication rules to achieve target region selection for color image segmentation.
Therefore, for a color image, the tissue-like P system is able to complete image seg-
mentation automatically. With the advantage of parallel computing of P systems, the
proposed image segmentation method can effectively overcome the large computation
cost problem of traditional region-based image segmentation method. The main com-
ponents of the tissue-like P system for color image segmentation are described in
detail as follows.

Membrane structure. The tissue-like P system consists of three elementary mem-
branes, which are labeled by 1, 2 and 3, respectively. Fig. 1(b) shows its membrane
structure. As usual in tissue-like P systems, the environment is labeled by 0. Each
elementary membrane contains a number of objects and evolution rules. The com-
munication rules between elementary membranes perform the exchange of objects. In
the tissue-like P system, membrane 1 deals with the automatic selection of the target
points, while membrane 2 processes the target regions. Membrane 2 can be split into
n+ 1 membranes. The value n is determined according to the objects in the system.
Membrane 3 is the output membrane of the system. When the system halts, the
objects in the output membrane are the result of the whole system.

Objects in membranes. Usually, a tissue-like P system processes the information
through evolution and communication rules applied to objects. In this paper, these
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mechanisms of tissue-P systems are used to achieve a region-based segmentation. For
an image with n ×m pixels (n,m ∈ N), let C ⊆ N be the set of all the value levels
(Y is in [16, 235], and Cb and Cr are in [16, 240]) and they are in a certain order.
There are five types of objects in our tissue-like P system:

(1) Object aij , 1 ≤ i ≤ m, 1 ≤ j ≤ n, a ∈ C. The object aij denotes the pixel with
value Y or Cb or Cr at (i, j), a ∈ C.

(2) ObjectHij , 1 ≤ i ≤ m, 1 ≤ j ≤ n,H ∈ E. Each pixel corresponds to a similarity
value, which indicates the degree of similarity of the pixel with its neighboring
pixels. Therefore, the similarity value can be seen as the feature value of the
pixel, which is encoded by Hij . Here, E ⊂ R denotes the set of these feature
values. Initially, set Hij = 0.0.

(3) Object Dij , 1 ≤ i ≤ m, 1 ≤ j ≤ n,D ∈ F . Each pixel corresponds to a distance
value, which indicates the maximum distance of the pixel to its neighboring
pixels. Similarly, the distance value can be seen as another feature value of the
pixel, which is encoded by Dij . Here, F ⊂ R denotes the set of these feature
values. Initially, set Dij = 1000.0.

(4) Object ARt
ij , 1 ≤ i ≤ m, 1 ≤ j ≤ n, t ∈ C. ARt

ij is the output object of the whole
system, and it will be communicated into membrane 3 as an output object when
object aij is identified as a target point or a point in some target regions. The
label Rt indicates that the point Aij is in the tth target region. Initially, set
t = 0.

(5) Object c, c ∈ N . The object c is used to count the target regions. It is changed
by the evolution rules during the processing of the target regions. Initially, set
c = 0.

The designed tissue-like P system. For each color image with n × m pixels
(n,m ∈ N) we design a tissue-like P system of degree d = 3 to achieve a region-based
segmentation. The tissue-like P system can be described as follows:

Π = (Γ,Σ, E , ω1, ω2, ω3, R, io) (8)

where,

(1) Γ is the alphabet of objects, Γ = Σ
∪
{ARt

ij | 1 ≤ i ≤ n, 1 ≤ j ≤ m,A ∈ C, t ∈ C},
where Σ = {aij | 1 ≤ i ≤ n, 1 ≤ j ≤ m,a ∈ C}

∪
{Hij | 1 ≤ i ≤ n, 1 ≤ j ≤

m,H ∈ E}
∪
{Dij | 1 ≤ i ≤ n, 1 ≤ j ≤ m,D ∈ F}.

(2) E = Γ− Σ is the alphabet of objects in the environment.

(3) ω1 = Σ, ω2 = aij , ω3 = ∅ are initial multisets of objects.

(4) R is a finite set of rules, which includes the following rules of three types:

(a) Evolution rules:
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(i) The Eq. (5) and Eq. (7) are used as evolution rules of objects. Mem-
brane 1 achieves automatic selection of target points according to the
evolution rules (5) and (7). The role of the evolution rules is to com-
pute the similarity value Hij and the distance value Dij of each pixel
here.

(ii) [aijA
R0
ij ai−1j−1aij−1ai+1j−1ai−1jai+1jai−1j+1aij+1ai+1j+1]2

c=c+1−−−−→
[aijA

Rc
ij ai−1j−1aij−1ai+1j−1ai−1jai+1jai−1j+1aij+1ai+1j+1]2, where

1 ≤ i ≤ n, 1 ≤ j ≤ m.
These evolution rules are used to mark which target region the point
at (i, j) is in while its neighbors are not target points. The value of
the object ‘c’ is the count of the marked target regions.

(iii) [aijA
R0
ij aklA

R0

kl apq]2
c=c+1−−−−→ [aijA

Rc
ij aklA

Rc

kl apq]2, where 1 ≤ i ≤ n, 1 ≤
j ≤ m, k, p ∈ {i− 1, i, i+ 1}, l, q ∈ {j − 1, j, j + 1}.
These evolution rules are used to mark which target region the point
at (i, j) is in while its neighbors are not target points or the marked
target points. The object apq is optional. The value of the object ‘c’
is the count of the marked target regions.

(b) Division rule: []2 → []2 []4[]5[]6...[]c+3︸ ︷︷ ︸
c

.

This division rule means that the membrane 2 is divided into c membranes.
c is the number of the target regions. Note that the membrane 2 still exists
in the system. The objects in the membrane 2 do not change and there is
no object in the membranes 4, 5, . . . , c+ 3.

(c) Communication rules:

(i) (1,HijDij/A
R0
ij , 0), 1 ≤ i ≤ n, 1 ≤ j ≤ m. The triggering condition of

the rule is Hij > T1 and Dij < T2.
This rule is used to select target points. It will be executed when the
similarity value Hij of the pixel at (i, j) with its neighboring pixels and
the distance value Dij of the pixel at (i, j) to its neighbors satisfy the
trigger condition above. The execution of the rule means that object
aij is marked as a target point.

(ii) (1, AR0
ij /λ, 2), 1 ≤ i ≤ n, 1 ≤ j ≤ m.

This rule is used to communicate the target points marked in mem-
brane 1 into membrane 2. In the tissue-like P system, the function of
membrane 1 is automatic selection of target points while the function
of membrane 2 is to achieve the region-based segmentation.

(iii) (2, aijA
Rt
ij aklA

R0

kl /aijA
Rt
ij aklA

Rt

kl , 0), 1 ≤ i ≤ n, 1 ≤ j ≤ m,
k ∈ {i− 1, i, i+ 1}, l ∈ {j − 1, j, j + 1}, a ∈ C, t ∈ C.
This is a communication rule between membrane 2 and the environ-
ment. For a marked target point aij , if there exists an unmarked
adjacent target point object, the adjacent target point will be marked
in the same region with the target point.
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(iv) (2, aijA
Rs
ij aklA

Rt

kl /aijA
Rt
ij aklA

Rt

kl , 0), 1 ≤ i ≤ n, 1 ≤ j ≤ m,
k ∈ {i− 1, i, i+ 1}, l ∈ {j − 1, j, j + 1}, a ∈ C, t ∈ C.
For a marked target point aij which is in the region Rs, if there exists
a marked adjacent target point akl in the region Rt, the point aij will
be marked in the region Rt. In selection method of target points, there
may be the case shown in Fig. 1(c). So we use this rule to correct those
mislabeled regions.

(v) (2, aijA
Rt
ij akl/aijA

Rt
ij aklA

Rt

kl , 0), 1 ≤ i ≤ n, 1 ≤ j ≤ m, k ∈ {i− 1, i, i+
1}, l ∈ {j − 1, j, j + 1}, a ∈ C, t ∈ C.
The triggering condition of the rule is that the relative Euclidean dis-
tance of akl to aij is less than T2.

(vi) (2, ARt
ij /λ, t+ 3), 1 ≤ i ≤ n, 1 ≤ j ≤ m, t ∈ C.

This rule is used to transport the target point to the corresponding
membrane. The target point which belongs to the region t is moved
to the membrane t+ 3.

(vii) (t+3, ARt
ij /λ, 3), 1 ≤ i ≤ n, 1 ≤ j ≤ m, t ∈ C. The triggering condition

of the rule is St+3 >
n×m

500
, where St+3 is the number of objects in

(t+ 3)th membrane.
This rule is used to communicate target objects or objects in target
regions in membrane t+3 into membrane 3. In this system, membrane
3 is the output membrane. The objects in membrane 3 is the output
results of the whole system when it halts.

(5) io = 3. It indicates that membrane 3 is the output membrane of this system.
When the whole system halts, the objects in membrane 3 are the result of the
computation.

4. Experimental results

In our experiment, several color images randomly collected from the Internet are
used to evaluate the proposed image segmentation method based on tissue-like P
systems.

Figure 2 shows the selection of target points and segmentation result of the pro-
posed region-based segmentation method. The red parts in Fig. 2(b) are the target
points selected in membrane 1, which can represent the target regions. After the pro-
cessing of the target regions in membrane 2, we can get the final result by outlining
the target regions. In these pictures the target regions are not full. The reason is
that the values H and D of the center pixel are computed by using the eight adjacent
pixels. That is to say, if a pixel is located on the edge of a region, its H value is lower
and its D value is higher than the values corresponding to pixels within the region.



72 H. Peng et al.

Fig. 2. Example of target point selection: (a) original color image Lake,

(b) the target image, and (c) the result image.

(c) (d)(a) (b)

(g) (h)(e) (f)

(k) (l)(i) (j)

Fig. 3. The segmentation results of the proposed segmentation method on the tiger,

sailing boat, two flowers, little duck and house images: (a)(c)(e)(g)(i)(k) original images,

(b)(d)(f)(h)(j)(l) result images.

Figure 3 gives the segmentation results of the proposed segmentation method on
six real-life images. In these segmented images, the blue lines express the edges of
the target regions. Due to the fact that the threshold value T2 is not selected, the
segmented results are determined according to the threshold values for the relative
Euclidean distance. Figures 3(b) and (d) give the outlines of the tigers and sailing
boat, respectively. It can be observed that two objects, the tigers and sailing boat, are
segmented better. Figures 3(j) and (l) give the outlines of two different flowers. The
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segmentation results clearly indicate that the two flowers can be segmented better.
Figures 3(f) and (h) provide the outlines of the little duck and house, respectively.
However, the segmentation results are not so satisfactory due to some noise occurring
in the results.

Figures 4(a)–(c) show the segmentation results of the proposed segmentation
method on Lake image with different value T2 for the relative Euclidean distance,
which correspond to the thresholds T2 =0.11, 0.05 and 0.02, respectively. When the
threshold value is 0.02, the number of the target regions is bigger and the size of each
target region is smaller compared with that of thresholds T2 =0.05 and 0.11. The
results indicate that the higher the threshold value T2 is, the more target seeds will
be obtained, and then the bigger the target regions are.

      (a)                                  (b)                                     (c)

      (d)                                  (e)                                     (f)

Fig. 4. The segmentation results of the proposed segmentation method on Lake image

with different T2 values: (a) T2 = 0.11, (b) T2 = 0.05, and (c) T2 = 0.02. The comparison

results: (d) original image, (e) the result of Shih’s method [24], and (f) the result of the

proposed segmentation method.

In order to evaluate the segmentation effect, the proposed segmentation method
is compared with Shih’s method [24], which is a region-based segmentation method
developed recently. Figures 4(e) and (f) show segmentation results of the two methods
on the sea lion image, which gives the outlines of the sea lion. The result of the
proposed segmentation method is closer to the result of the artificial segmentation.
But the proposed segmentation method has some noise in the result image.

5. Conclusions

A region-based color image segmentation method using tissue-like P systems is
proposed in this paper. The tissue-like P system model takes advantage of evolution
rules and communication rules to implement an adaptive region-based segmentation,
in which three elementary membranes accomplish automatic selection of target points
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and target regional processing under the control of the parallel computing mechanism
of the P systems. Therefore, the proposed image segmentation method based on
tissue-like P systems has the advantage of fast segmentation. The experimental results
show that the proposed image segmentation method has good segmentation effect and
performance. The proposed image segmentation method expands the application of
membrane computing in the field of image processing.
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