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Abstract. Membrane Computing is a biologically inspired computa-
tional model. Its devices are called P systems and they perform com-
putations by applying a finite set of rules in a synchronous, maximally
parallel way. In this paper, we follow a new research line using tissue-like
P systems to do a parallel color segmentation of images using a thresh-
olding to look for edge pixels. We have chosen this variant of P systems
because it uses a less number of computational ingredients with respect
to classical variants.

1 Introduction

Natural Computing studies new computational paradigms inspired from Nature.
It abstracts the way in which Nature “computes”, conceiving new computing
models. There are several fields in Natural Computing that are now well es-
tablished as are Genetic Algorithms ([1]), Neural Networks ([2]), DNA-based
molecular computing ([3]).

Membrane Computing is a theoretical model of computation inspired by
the structure and functioning of cells as living organisms able to process and
generate information. The computational devices in Membrane Computing are
called P systems [4]. Roughly speaking, a P system consists of a membrane
structure, in the compartments of which one places multisets of objects which
evolve according to given rules. In the most extended model, the rules are applied
in a synchronous non-deterministic maximally parallel manner, but some other
semantics are being explored.

According to their architecture, these models can be split into two sets: cell-
like P systems and tissue-like P systems. In the first type of systems, membranes
are hierarchically arranged in a tree-like structure. The inspiration for such ar-
chitecture is the set of vesicles inside the cell. All of them perform their biological
processes in parallel and life is the consequence of the harmonious conjunction



of such processes. This paper is devoted to the second approach: tissue-like P
systems.

Digital Image Processing ([?]) try to obtain a set of characteristics or param-
eters related with an image. Segmentation in computer vision (see [5]), refers to
the process of partitioning a digital image into multiple segments (sets of pix-
els). The goal of segmentation is to simplify and/or change the representation of
an image into something that is more meaningful and easier to analyze. Image
segmentation is typically used to locate objects and boundaries (lines, curves,
etc.) in images. More precisely, image segmentation is the process of assigning
a label to every pixel in an image such that pixels with the same label share
certain visual characteristics.

Recently, Membrane Computing techniques have been used for solving prob-
lems from Digital Image. Different P systems models have been used for dealing
with images, as in [6] where cell-like P systems are used for computing the
thresholding of 2D images; [7–10] where tissue-like P systems are used, or even
[11], where the symmetric dynamic programming stereo (SDPS) algorithm [12]
for stereo matching was implemented by using simple P modules with duplex
channels. But in these cases, it is usual to do a pre-processing to the input im-
ages. So, they are transformed from color images in gray scale images or even
binarized images.

We give a new researching step in this paper. We develop the first solution
in Membrane Computing to the color segmentation problem. We show, from a
theoretical point of view, it is possible to do a parallel segmentation of an image
considering a general color alphabet. Here, the edges are not selected because a
pixel has a different color than a neighbor pixel. We decide a pixel is an edge
because it is enough different with a neighbor pixel.

The paper is structured as follows: in the next section we present the defini-
tion of array tissue-like P systems with input. In section 3, we design a family
of systems for edge-based segmentation in 2D image (n×m) using thresholding.
Finally, some conclusions and future work are given in the last section.

2 Formal Framework

An Array tissue-like P system of degree q ≥ 1 with input is a tuple of the form

Π = (Γ, V, E , w0, w1, . . . , wq, A1, . . . , Aq,R, iΠ , oΠ),

where

1. Γ is a finite alphabet, whose symbols will be called objects,
2. V is the alphabet of colors verifying V ∩ Γ = ∅.
3. E is a finite subset of arrays on V .
4. w0, w1, . . . , wq are strings over Γ representing the multisets of objects asso-

ciated with the cells at the initial configuration,
5. A1, . . . , An are arrays on V , placed on the corresponding cells at the initial

configuration.



6. R is a finite set of communication rules of the following form:
(i, uiWi/ujWj , j), for i, j ∈ {0, 1, 2, . . . , q}, i 6= j, ui, uj ∈ Γ ∗ and Wi, Wj

two arrays on V .
7. iΠ ∈ {0, 1, 2, . . . , q} is the input cell.
8. oΠ ∈ {0, 1, 2, . . . , q} is the output cell.

In a similar way to tissue-like P systems, an array tissue-like P system of
degree q ≥ 1 can be seen as a set of q cells (each one consisting of an elementary
membrane) labeled by 1, 2, . . . , q. We will use 0 to refer to the label of the
environment, iΠ and oΠ denote the input region and the output region (which
can be the region inside a cell or the environment), respectively.

The strings w1, . . . , wq describe the multisets of objects placed in the q cells of
the system. We interpret that w0 is the set of objects placed in the environment,
each one of them available in an arbitrary large amount of copies.

For each i ∈ {1, . . . , q}, each Ai is an array placed in the cell i in the initial
configuration and E is the set of arrays placed in the environment, each one of
them available in an arbitrary large amount of copies. The empty array ∅ always
belongs to E . For all the non-empty copies, we will consider that the leftmost
pixel of the bottom row in the array corresponds to the coordinates (0, 0).

Rules are used as usual in the framework of membrane computing, that is,
in a maximally parallel way (a universal clock is considered), regardless whether
the environment is involved or not. In one step, each object in a membrane can
only be used for one rule (non-deterministically chosen when there are several
possibilities), but any object which can participate in a rule of any form must
do it, i.e., in each step we apply a maximal set of rules.

3 Segmentation

We have segmented 2D digital images using array tissue-like P systems based
in edge-based segmentation and thresholding. We consider an input 2D digital
image, and an ordered color alphabet of the image. We define a family of P
systems to do this task and show an overview of a computation of any system
of the family. We do a complexity study for these systems. Finally, we see how
one of our systems works with an example (see Fig. 1).

So, we look for pairs of adjacent pixels such that the distance between their
colors is greater than a fixed threshold. We call these pixels boundary pixels. For
each pair of border pixels, the smallest of them is called an edge pixel. But, we
have a problem with this definition of edge pixels. The set of this type of pixel
is not connected. So, we can consider a pixel adjacent to two edge pixels with
near colors. If its color is near to the colors of the two edge pixels we say it is an
edge pixel too.

Definition 1. The problem of segmentation of 2D digital images using thresh-
olding (2DEST problem) is defined as follows:

Given a 2D digital image with pixels of (possibly) different colors establish
the edge pixels (defined above).



Fig. 1. An image of size 30 × 30

3.1 A family of array tissue-like P systems

Given a digital image with n×m pixels (n, m ∈ N) we define an array tissue-like
P system whose input is given by the pixels of the image encoded by the objects
aij , where 1 ≤ i ≤ n and 1 ≤ j ≤ m.

The key idea of how a system of this family works is the following. First, the
system marks the boundary pixels. Next, it marks the necessary pixels to connect
all the boundary pixels of the same color. Finally, the system uses a counter (zi,

whose number of initial copies in the system is ⌈r
1/27

1 ⌉ and r1 = max(n, m)) to
send the marked objects to the environment. The output of the system is given
by the objects that appear in the output cell when it stops.

We define a family of tissue-like P systems to do the edge-based segmentation
with the thresholding of a 2D image. For each n, m ∈ N, we consider the array
tissue-like P system with input of degree 2:

Π = (Γ, Σ, V, E , w0, w1, w2, A1, A2,R, iΠ , oΠ),

defined as follows

(a) Γ = Σ ∪ {a′
ij : a ∈ CS , 1 ≤ i ≤ n, 1 ≤ j ≤ m} ∪ {z̄1},

(b) Σ = {aij : a ∈ CS , 1 ≤ i ≤ n, 1 ≤ j ≤ m},
(c) V = N
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(e) w0 = {z̄i : 2 ≤ i ≤ 9},

w1 = z̄
⌈r1/2

7

⌉
1 , where r = max(n, m),

w2 = z̄
⌈r1/2

7

⌉
1 ,

(f) A1, A2 = ∅
(g) R is the following set of communication rules:

Type 1. (j, z̄i/z̄2
i+1, 0), for i = 1, . . . , 8, j = 1, 2

In this rule, we are working with a counter that it is used in the output
of the systems.

Type 2.

(1, a b / a′ b , 0), for a, b ∈ CS , a < b and d(a, b) > k.

(1, b a / b a′ , 0), for a, b ∈ CS , a < b and d(a, b) > k.

(1,
a
b

/
a′

b
, 0), for a, b ∈ CS , a < b and d(a, b) > k.

(1,
b
a

/
b
a′ , 0), for a, b ∈ CS , a < b and d(a, b) > k.

These rules are used when an image has two adjacent pixels whose as-
sociated colors have a distance greater than a threshold k (boundary
pixels). Then, the pixel with the less associated color is marked (edge
pixel).

Type 3.

(1,
a b′

c′ d
/

a′ b′

c′ d
, 0), for a, b, c, d ∈ CS , d(a, b′) < k and d(a, c′) < k.

(1,
a′ b
c d′

/
a′ b′

c d′
, 0), for a, b, c, d ∈ CS , d(b, a′) < k and d(b, d′) < k.

(1,
a b′

c′ d
/

a b′

c′ d′
, 0), for a, b, c, d ∈ CS , d(d, b′) < k and d(d, c′) < k.

(1,
a′ b
c d′

/
a′ b
c′ d′

, 0), for a, b, c, d ∈ CS, d(c, a′) < k and d(c, d′) < k.

The rules of this type are activated when a set of four pixels appears in
cell 1 verifying that one no-marked pixel (a, in the first set of rules) is
adjacent to two edge pixels (b′, c′, in the first set of rules) whose distance
between them and from the first pixel to them are less than k ∈ N (our
threshold). Finally, the fourth pixel (d, in the first set of rules) has to be
adjacent to the previous edge pixels and distance from this last pixel to
the first one is greater than k. When this pattern appears in cell 1 the
first considered pixel (a, in the first set of rules) is marked and passed
to be an edge pixel.

Type 4.
(1, z̄9a

′/z̄9, 2), for a ∈ CS .
With these rules appears, the system sends the edge pixels to the output
cell.



(h) iΠ = 1
(i) oΠ = 2.

An overview of the Computation: A 2D image is codified by the input
array that appear in the input cell and the system begins to work with them.
Rules of type 1 initiate the counter z̄. In a parallel manner, rules of type 2
identify the boundary pixels and mark the edge pixels. These rules need 4 steps
to do this. From the second step, the rules of type 3 can be used with the rules of
the first type at the same time. So, in the other 4 steps we can mark the rest of
the (edge) pixels adjacent to two edge pixels and the other boundary pixel with
a color whose distance to the colors of the others is big enough. The system can
apply the types of rules 2 and 3 simultaneously in some configurations, but it
always applies the same number of these two types of rules because this number
is given by the edge pixels (we consider 4-adjacency). Finally, the fourth type
of rules are applied in the following step, when the system finished to mark all
edge pixels in cell 1. So, with one step more the system sends the edge pixels to
cell 2. Thus, we need only 9 steps to obtain an edge-based segmentation for an
n × m digital image.

3.2 Complexity and necessary resources

Taking into account the size of the input data is O(n · m) and |CS | = h is the
number of colors of the image, the amount of necessary resources for defining
the systems of our family and the complexity of our problem is determined in
the following table:

2DEST Problem

Complexity

Number of steps of a computation 9

Necessary Resources

Size of the alphabet n · m · h
Initial number of cells 2

Initial number of objects ⌈2r
(1/27)
1 ⌉

Number of rules O(n · m · h2)
Upper bound for the length of the rules 8

3.3 Examples

In this section, we show the results obtained by the application of our method
with three examples over a given image of size 30×30 (see Fig. 1). Some questions
should be done when we begin to apply our algorithm. First, we need to choose
a color space. But, this choice is hidden in the preprocessing of the systems,
because we can choose a distance function.



Fig. 2. (Left) Segmentation of the image of our example with thresholding k = 3 and
considering the natural order in the colors alphabet. (Center) Segmentation of the
image of our example with thresholding k = 5 and considering the natural order to the
colors alphabet. (Right) Segmentation of the image of our example with thresholding
k = 3 and considering the reverse order in the colors alphabet.

Once we get a distance, the second question is to know which is an appro-
priate threshold. Notice that, when we work with different thresholds we obtain
different segmentations as Fig. 2 (Left) and Fig. 2 (Center) show. In the first
image, the threshold is k = 3 and in the second one it is k = 5.

Finally, the las question is closely relate with the first one. We can consider
an order in the color alphabet. The choice of the ordered color alphabet implies
changes in the final results of our system. We take k = 3 and N as the color
alphabet. We can consider two orders in this set. The natural order, (≤), or the
reverse order, (≤⋆)1. If we work with the first order we obtain the segmentation
of Fig. 2 (Right), and if we work with the second order we obtain the segmen-
tations of Fig. 2 (Left). Obviously, we can find a lot of differences between two
segmentations.

4 Conclusions

We claim that Digital Imagery problems can be suitable for Natural Computing
techniques in general and for Membrane Computing techniques in particular.
Many of the problems in Digital Imagery share features that are very interesting
for using these techniques.

We give, in this paper, a first theoretical step to do parallel color segmentation
using P systems. Until now, when we use the membrane parallel techniques of
segmentation we need to binarize the image previously (see [13]).

As a future work, we try to implement this algorithm using parallel program-
ming, as CUDA. An interesting line of research could be to apply this method
to areas as Biological and Medical Image. Even, we can translate this algorithm
to be used with higher dimensions without a lot work.

1 ∀a, b ∈ N, a ≤⋆ b if and only if a ≥ b.
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