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Abstract 

     This paper uses P-Lingua, a standard programming language 
that is designed specifically for P systems, to automatically simulate 
the region-based segmentation of 2D images. P-Lingua, which is 
based on membrane computing, links to Java Netbeans using the 
PLinguaCore4 Java library to automatically codify the pixels of the 
input image as long as automatically draw the output segmented 
image. Many methods have been suggested previously and used for 
artificial image segmentation, but to the best of our knowledge, none 
of those techniques were automatic, where the image was codified 
manually and the visualization of the output image was done 
manually in the tissue simulator which takes time and effort, 
especially when dealing with large images in the system. Two types 
of pixel adjacency have been utilized in this paper, namely; 4-
adjacency and 8-adjacency. The jacquard index method has been 
used to measure the accuracy of the segmentation. The results of the 
proposed method demonstrated that beside its ability to automatically 
segmenting 2D images with arbitrary sizes, it is more efficient and 
faster than the tissue simulator tool, since the latter needs the input 
image to be codified manually pixel by pixel which makes it 
impractical for real-world applications.  

     Keywords: Membrane computing, P-Lingua, Region-based image 
Segmentation, Tissue-like P systems. 
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1      Introduction 

Membrane computing (MC) has emerged as a recent branch of natural computing, 

which is mainly based on the assumption that the flow of metabolites within the 

compartmental architecture and functioning of biological cells can be interpreted 

as a flow of information for computations [1]. The computational devices in MC 

are known as P systems in honour of their initiator G. Paun [2]. More importantly, 

P systems are massively parallel and distributed computing models processing 

multisets of objects based on predefined evolution rules in a non-deterministic 

manner. Owing to the inherent parallelism, MC has the ability of solving non-

deterministic polynomial time (NP)-complete problems in polynomial or often in 

linear time and this feature has been shown extensively in the literature. The basic 

ingredients of a typical P system model consist of; membrane structure, a set of 

evolution rules and multisets of objects. 

 

The main novelty of MC relies on the fact that membrane systems look at the 

whole cell as a computing device. “A membrane system consists of a hierarchical 

arrangement of membranes delimiting regions, which represent various 

compartments of a cell, and with each region containing bio-chemical elements of 

various types and having associated rules, which represent bio-chemical processes 

taking place inside the cell,” [3]. 

 

Basically, MC devices or P systems constitute three different models of 

computing devises depending on the particular features of the cell which are: 

a) Cell-like P systems (inspired from the structure of the cell).  

b) Tissue-like P systems (inspired from organization of cells in tissue)  

c) Spiking neural-like membrane  systems (inspired from the way neurons 

are linked in neural nets) [4].  

 

In this paper, tissue-like P system is used for segmentation of the 2D images.The 

fundamental objective of digital image processing is to extract meaningful 

information from images without human assistance. Segmentation is an important 

task of image processing for satellite and medical images [5]. Technically 

speaking, in computer vision [6], segmentation is the process of partitioning a 

digital image into multiple segments (sets of pixels), aiming to simplify or modify 

the representation of an image to be more expressive and easier to analyse and 

understand. 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, MC techniques have been used in solving problems arising from digital 

images. Image segmentation has been addressed extensively in literature. For 

example, Christinal, Díaz-Pernil and Jurado [7] presented a tissue-like P systems 
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to improve the standard edge-based segmentation method using MC rules. 

Christinal, et al. [8] presented a MC rules framework to solve the threshold 

problem using cell-like P system wherein the solution has been reached in linear 

time depending on the number of pixels of the input image. Carnero, et al. [9] 
proposed a new tool (hardware system) to obtain a segmentation of digital images, 

the system uses  MC method along with a hardware programming (VHDL) 

language to develop an ad–hoc processor to solve the problem where the 

implementation of edge based detection for noise removal is used. Similarly, 

Reina-Molina, et al. [10] presented a new segmentation approach based on a 

tissue-like P system with the use of MC rules with multiple auxiliary cells for 

solving segmentation problem. Díaz-Pernil, et al. [11], proposed a new software 

tool for performing a segmentation of 2D digital images based on MC platform. 

However, they did not explain in detail the technical aspects of implementing the 

tool and they did not measure the accuracy of the segmentation, as well. 

Christinal, Díaz-Pernil and Real [12] developed a tissue-like P system. using MC 

rules, to design a region based segmentation algorithm in a constant number of 

steps. In their approach, 4-adjacency relation between pixel's neighborhoods has 

been adopted for 2D digital images where 6-adjacency relation between voxel 

neighborhoods has been used for 3D digital images. Peña-Cantillana, et al. [13] 

proposed a bio-inspired algorithm to solve  the threshold problem by using a 

membrane computing and implemented a novel device architecture called 

Compute Unified Device Architecture (CUDATM). Carnero, Dıaz-Pernil and 

Gutiérrez-Naranjo [14], proposed a hardware programming tool called field 

programmable gate arrays (FPGAs) to implement tissue-like P system for solving 

segmentation problems by using rules of MC. Sheeba, et al. [15] proposed a 

tissue-like P system (MC rules) to enhance segmentation methods in medical 

image but they did not measure the accuracy of the segmentation. Christinal, et al. 

[16] proposed a bio-inspired MC via tissue-like P system, MC rules, to perform a 

parallel color segmentation of images using a threshold method. Yang, et al. [17] 

proposed a novel membrane algorithm, tissue-like P system, to develop a region-

based segmentation. Along this line, Peng, et al., [18] proposed a novel threshold 

segmentation approach using cell-like P system (MC algorithm) to improve 

threshold segmentation. Díaz-Pernil, et al. [19] presented CUDATM to implement 

tissue-like P system (MC rules) for segmentation of images with gradient-based 

edge detection. Furthermore, Peng, et. al [20] proposed a novel segmentation by 

adaptive traditional region based colour segmentation method using tissue-like P 

system. In  [21], Isawasan, et al. developed a tissue-like P system using MC rules 

to segment  hexagonal images wherein the segmentation has been done in 7 steps. 

Peng, et al. [22] proposed a novel method using cell-like P system with membrane 

algorithm to solve the optimal multi-level thresholding problem. Yahya, et al. [23] 

presented a region based segmentation with tissue like P system rules that  

implement a simple artificial image with a more detailed illustration of how P 

system works furthermore, where different colour relations have been explored to 

show the effect of colour on the segmentation results.  
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Interestingly, a new research line has been recently launched in which MC has 

been adopted to solve several problems related to digital imagery. For example, 

region based segmentation of 2D and 3D images has been investigated in [12]. 
However, the main drawback of that approach is that the image has been manually 

codified in the tissue simulator. Thus, in this paper, we present a dynamic 

software using P-Lingua for region-based segmentation of 2D digital images 

based on the segmentation rules presented in [12]. The same face image (14×12 

pixel image) that used in [12] has been adopted in this paper, but resized to 14×14 

to validate our presented system and its ability to deal with large size. Basically, 

region-based segmentation is performed based on MC and implemented in P-

Lingua with artificial images (apple.png, house.png and face.png) which are 

loaded automatically in the system. P-Lingua is an official programming language 

for MC that offer a general syntactic framework that could define a unified 

standard for MC, covering a broad variety of models [24]. 

 

Most recently, Yahya et al. [25] proposed a tissue-like P system with region-based 

and edge-based segmentations to segment two dimensional hexagonal images, 

where-in P-Lingua programming language has been used to implement and 

validate the pro-posed system. The achieved experimental results clearly 

demonstrated the effective-ness of using hexagonal connectivity to segment two 

dimensional images in a less number of rules and computational steps. The 

experimental results have shown that using the hexagonal connectivity is more 

efficient than the four connectivities, where the number of rules and 

computational steps have been reduced from 9 to 7 steps. 

 

A comprehensive and an up to date survey pertaining to image processing 

techniques using MC has been presented in [26]. 

 

This paper is organized as follows: Section 2 provides a basic definition of tissue-

like P system and describes the use of tissue-like P system for automatic region-

based segmentation of 2D images. Section 3 presents the methodology of 

segmentation with membrane computing using P-Lingua. Section 4 evaluates the 

proposed approach. Section 5 concludes the paper and suggests some directions 

for the future work. 

2      Tissue-like P system for Image Segmentation 

2.1 Tissue-Like P System 

Tissue-like P system was firstly introduced by Martı́ [27]. The structure of tissue-

like P system is organized as a graph representing all the communication channels 

existing between interacting cells. The set of interconnections is dynamic and, in 

the course of the evolution of the system, it can possibly change whosesoever a 
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new communication way is established or another one is closed [28]. From the 

computational perspective, the essential characteristic of tissue-like P system is 

that membranes do not have electrical charges as in the cell-like P systems. 

Typically, the form of tissue-like P systems model with input of degree  is a 

tuple 

Π= (Γ, Ʃ ,Ɛ ,w1 ,…, wq , R, )                                             

 

Where 

a) Γ   is a finite alphabet, whose symbols are called objects,  

b)  is the input alphabet, 

c)  is the list of objects in the environment, each one of arbitrarily 

infinite copies, 

d)  are strings over  Γ representing the multi-sets of objects 

associated with the cells at the initial configuration, 

e) R is a finite set of rules of the form;  

1. Communication rule:   ,   for   

2. Division rules: , where   and    

f)   Refers to the input cell, 

g)   Refers to the output cell. 

 

In the typical framework of MC, each cell is viewed as a computing unit working 

in a maximally parallel and non-deterministic way. The configuration is an 

instantaneous description of the P system at a particular moment, where a 

sequence of computation steps can be applied in a parallel manner to obtain a new 

configuration. A computation is said to be successful if it halts, reaching a specific 

configuration where no more rules can be applied to the current objects. With a 

halting computation, the associated output can be codified by the content of the 

output membrane.  

2.2  Tissue- like P system for Automatic Region Based 

Segmentation of 2D images   

Region-based techniques rely on common patterns in intensity values within a 

cluster of neighbouring pixels. The cluster is referred to as the region, and the goal 

of segmentation algorithm is to group regions according to their anatomical or 

functional roles [29].The main aim of region-based segmentation is to use image 

characteristics to map individual pixels in an input image to sets of pixels called 

regions that might correspond to an object [30]. 

 

Segmentation in digital imagery has several interesting features which makes it 

suitable for mechanisms inspired by nature. One of them is that it can be solved 

parallely and locally. Regardless of how large is the picture, the segmentation 
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process can be performed in parallel in different local areas of the picture. 

Another interesting feature is that the basic required information can be easily 

encoded by different bio-inspired representations [14]. 

 

The previous work of Yahya, et al. [23], which was based on the rules adapted by 

Christinal, Díaz-Pernil and Real Hepzipah [12], implemented a simple apple 

image to provide a more detailed  illustration of how P systems works by using 

tissue simulator, and to prove that in MC the algorithm requires only 9 steps to 

obtain region-based segmentation regardless of the size of the image.  

Furthermore, different colour relations have been explored to show the effect of 

colour on the segmentation results. 

  

In this paper, an automatic region-based segmentation will be applied to artificial 

images (.png) rather than codifying the image manually using tissue simulator. In 

order to automatically load the images in the system, the segmentation rules will 

be written using P-Lingua programming language. Furthermore, to deal with 2D 

images automatically, P-Lingua will be linked to Java Netbeans using the 

PLinguaCore4 Java library. PLinguaCore4 is a tool integrated in java library that 

includes a parser to handle P-Lingua input files and check possible programming 

errors (both lexical/syntax and semantics) [31]. This library is used to implement 

MC with region-based segmentation of 2D images. The artificial images that have 

been used are apple.png with size of 13×13 and three colours, face.png with seven 

colours and size of 14×14 and house.png with three colours and size of 30×30. 

3 Methodology of Segmentation with Membrane 
Computing Using P-Lingua  

As mentioned previously, PLinguaCore4 is a JAVA library which was developed 

as a software framework for tissue-like P system [32], cell-like P system [33]  and 

neural-like p system [34]. In this paper, the tissue-like P system rules will be 

implemented using P-Lingua to segment the artificial images. Fig. 1 shows the 

steps of performing the segmentation using P-Lingua, where the algorithm of 

region–based segmentation has been achieved. 

3.1 Adding P-Lingua library (PLinguaCore4) to the Java 

platform  

In the first step of this work, PLinguaCore4 library has been added to Java. This 

library implements all functions supported by P-Lingua (model definition, 

simulator and formats). In addition to that, it reports the rules and membrane 

structure that is read from a file where a P system is defined, detects errors in the 

file and reports them and, if the P system is defined in the P-Lingua language, it 

locates the error in the file. There are two types of format in P-Lingua where the 
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first is the input format, whose file can be read via PLinguaCore4, and the second 

is the output format, whose files can be generated by PLinguaCore4. 
 

 

 
 

Fig. 1: Flowchart of segmentation of artificial image (.png) in P-Lingua. 
 

3.2 Generating P-Lingua File (outrulesRGB.pli) 

When the PLinguaCore4 library is linked to Java Netbeans, the next step is to 

generate the P-Lingua file (outrulesRGB.pli) by concatenating the input artificial 

image with the segmentation rules as discussed in the following two steps. 

 

3.2.1    Input image type (png) 

 

a) Loading the image: The image is loaded into the system as an input image. 

In tissue-like P system, the image is considered as a cell and the pixels of 

the image are represented as objects in the cell. The system will read the 
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image and convert it to the standard P-Lingua syntax. Specifically, every 

pixel (object) has the colour and coordinates (x, y). The artificial images 

that used are drawn with a paint program in the format (.png). In this 

paper, the 2D images as shown in Fig. 2 are; an artificial image named 

apple.png with size of 13×13 and 3 colours, face.png image with size of 

14×14 and 7 colours, and house.png image with size of 30×30 and 3 

colours.                              

b) The pixels of artificial image will be read and converted to hexadecimal: 

The pixels should have colour and coordinates as mentioned earlier. In 

getting the colour the pixel will be read and converted from the RGB 

format to hexadecimal format (hexadecimal values give information about 

colours including colour models). The pixels of artificial image will be 

read and converted using Java Netbeans. Technically speaking, this step is 

used to link each pixel of the image to its corresponding P-Lingua syntax 

(e.g., ffff0000 is converted to R{x, y}, where x and y are the coordinates of 

this pixel in the image) as shown in Fig. 3. 

c) The pixels of the artificial image (. png) will be converted to the syntax of 

P-Lingua: All the pixels of the image (cell) after converting have the 

standard format which can be recognized by the P-Lingua compiler. The 

syntax of the pixels in the P system has the name of the colour and the 

coordinates so the name of the colour will match with the value of the 

pixel and coordinates followed by {} as shown in Fig. 4. All the pixels are 

converted to the syntax of P-Lingua. 
 

 
 

Fig. 2: Input artificial images (.png). 
 

 

3.2.2    Writing the rules of segmentation  

 

In this paper, the segmentation rules adopts the rules of MC for 2D image 

segmentation method used in  [12]. The rules are written in the P-Lingua format 

and saved in a text file. After loading the image, the image will be automatically 
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codified as an input and concatenated to the rules file to the final form.pli file 

named outrulesRGB.pli.  

 
 

 
 

Fig. 3: Illustration of converting the pixels of the artificial image to hexadecimal. 

 

 

 

 
 

Fig. 4: Steps of converting pixel of the artificial image (.png) to object (pixels in 

syntax of P-Lingua). 
 

 

Technically, a 2D digital image can be represented by a matrix where each pixel 

in the image is an element of the matrix. Basically, there are two types of 
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neighbourhoods, surrounding a pixel which is considered in this paper, namely 4-

adjacency and 8-adjacency.In 4-adjacency, a 4 neighbourhood 

  
contains only the pixels above, below, to the left and to the right of the central 

pixel  as shown in Fig. 5. On the contrary, in 8-adjacency, an 8-

neighbourhood adds to the four neighbourhoods four diagonal neighbours which 

are; 

 as illustrated in Fig. 4.            

 

If the image contains two colours which are green and blue, then if the 4-

adjacency is considered the segmentation rules will be as the following: 

 
 

Similarly, if the 8-adjacency is considered, then four more rules will be added to 

cover the diagonal pixels as described in the following: 

 
 

                     
 

Fig. 5: Illustration of the different neighbourhoods of 2D image; (a) 4-

neighborhood (4-adjacency) and (b) 8-neighborhood (8-adjacency). 



 

 

 

 

 

 

Rafaa I. Yahya et al.                                                                                               46 

3.3 The PLinguaCore4 will simulate the P-Lingua rules 

(outrulesRGB.pli)  

The PLinguaCore4 will simulate the P-Lingua rules (outrulesRGB.pli) to 

implement the segmentation of the artificial image (.png). All the steps above are 

to prepare the P-Lingua file (image and rules of segmentation) for simulation by 

the PLinguaCore4 Java library.  

3.4 Output of Segmentation in file.txt (outrulesRGB.txt) 

The result of segmentation is in the file that is generated after segmentation, called 

(outrulesRGB.txt). This file contains the details of every step of segmentation, it 

contains information such as the configuration, input of the cell, the output of cell, 

the environment, the time of every step and final time of execution. The final step 

which shows the segmented image is shown in Fig. 6 pertaining to the 4-

adjacency and in Fig. 7 for the 8-adjacency.  To make our system more 

convenient and easy to use, we have replaced the manual drawing of the output to 

automatic drawing by using C#, a multi-paradigm programming language. 

3.5 Reading Output and Visualization  

Once the image is segmented using MC, bearing in mind that our model contains 

two different cells, the output can be read from any of these cells as needed. As 

we consider region-based segmentation in this paper, the output will be read from 

cell two only. It is worth mentioning that cell two contains the border and edge 

pixels. In order to draw the image automatically according to the region-based 

criteria, the original image will be loaded to the system. The pixels of the original 

image will be used to draw the segmented image. Then, in order to mark the 

border pixels, cell two will be read and the pixels in cell two will be located in the 

segmented image and converted to white colour to indicate the borders. By doing 

so, the algorithm of the automatic drawing of segmented artificial image is 

achieved, where a snapshot of the program implementing this is shown in Fig. 8, 

and the obtained region-based segmented images are shown in Fig. 9. 

4 Evaluation of the Proposed Approach 

In order to illustrate the effectiveness of the proposed segmentation approach, the 

segmentation results obtained by 4-adjacency are compared with the results 

obtained using 8-adjacency. To this end, the algorithm will be evaluated in terms 

of accuracy and efficiency. Accuracy corresponds to the degree to which the 

delineation of the object corresponds to the truth, whereas the efficiency 

corresponds to the amount of time required to perform the segmentation. Two 

types of evaluation are used. The first type was performed by visualizing the 
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output of the segmented images, including the face used in [12] as shown in Fig. 

10. 

 

 
 

 
 

 
 

Fig. 6: Final result of segmented images using 4-adjacency; (a) Apple.png 13×13, 

(b) Face.png 14×14 and (c) House.png 30×30. 
 
 

 
 

Fig. 7: Final result of segmented image (Face.png; 14×14) using 8-adjacency. 
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Fig. 8:  Snapshot of the program, based on algorithm that implemented to 

segmenting image automatically. 
 

 

 

 
 

Fig. 9: Three images; apple.png, face.png and house.png, before and after region-

based segmentation. 

 



 

 

 

49                                                            Automatic 2D Image Segmentation Using  

Work of Christinal 

(Christinal, Díaz-Pernil 

et al. 2011) [12] 

 
Original image (14×12) 

 
Segmented image 

Proposed method 

(4-adjacency) 

 
Original image (14×14) 

 
Segmented image 

Proposed method 

(8-adjacency) 

 
Original image (14×14) 

 
Segmented image 

 

Fig. 10: Visualization evaluation between Christinal’s study [12] and this study. 
 

 

The second type of evaluation is by Jaccard Index method [35]. Jaccard Index 

method is a typical region-based evaluation metrics which corresponds to the ratio 

of the number of matching pixels to the total number of both matching pixels and 

mismatching pixels. Jaccard method aims at measuring the similarity between the 

ground truth of the original image and the segmentation result. The segmentation 

result and its corresponding ground truth are typically represented as S and G 

respectively. Jaccard Index is defined as follows: 

 

                                                                                    (1) 

 

Where A (.) is the operation of counting amount. In (1), the numerator 

corresponds to the number of matching pixels (true positives), whereas the 

denominator counts the total number of matching and mismatching pixels. 

file:///C:/Users/Salah/Downloads/IWBDA%202017.docx%23_ENREF_19
file:///C:/Users/Salah/Downloads/IWBDA%202017.docx%23_ENREF_19
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Basically, it is an absolute “0” or “1” assignment and counting problem in the 

Jaccard Index. Note that the much closer the Jaccard accuracy value to one, the 

better the segmentation. It can be noted from Table 1 that the 4-adjacency is 

slightly better than the 8- adjacency.                     
 

Table 1:  Jaccard Index accuracy comparisons between 4 and 8-adjacencies. 

 

 

The time and memory space of image segmentation using 4-adjacency is shown 

with details in Table 2. The time and memory space of image segmentation using 

8-adjacency is shown with details in Table 3. From the results of Table 2, it can be 

noted that as the image increase in size and colours, the number of rules will be 

increased and consequently the time of execution will be increased. Furthermore, 

it is notable that 8-adjacency is much faster than the 4-adjacency. The  hardware  

platform  used  in this paper is a PC with processor IntelError! Reference source 

not found. ®CoreTM i5-M430, 2.27 GHZ CPU, 4 GB of memory. The main 

advantage of P-Lingua language is that it enabled the system to be automatic 

rather than codifying the artificial images manually. Furthermore, it is more 

flexible, faster and convenient to use than the tissue simulator.   

 

Table 2:  Time and memory space of image segmentation (4-adjacency). 
Results Apple Face House 

Time (in seconds) 18.311 s 23.918 s 543.677 s 

Memory space 688332 kb 731358 Kb 729056 kb 

 

 

Table 3:  Time and memory space of image segmentation (8-adjacency). 
Results Apple Face House 

Time (in seconds) 17.408 s 22.735 s 438.017 s 

Memory space 714111 kb 813146 kb 536321 kb 

 

Finally, we can conclude that analysis of the experimental results demonstrates 

the effectiveness of the segmentation approach and provides valuable insights into 

the performance and characteristics of the proposed segmentation algorithm. It is 

worth mentioning that we cannot estimate the difference between the 4 and 8-

adjacency accurately because the artificial images used in this work are relatively 

small. In the future work, we plan to compare the 4 and 8-adjacency using real 

medical images to accurately estimate the difference.  

 

 

Results Apple Face House 

4-adjacency 0.6377 0.8413 0.7627 

8-adjacency 0.6377 0.8413 0.7601 
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5 Conclusion  

Segmentation has special characteristics which enable it to be suitable for 

methods of natural computing. However, for those techniques to be more effective 

and practical in real applications, a suitable software tool is of great importance. 

In this paper, we presented a MC software tool for automatically segmenting 2D 

images using P-Lingua programming language. Two types of pixel adjacency 

have been used in this paper, namely 4-adjacency and 8-adjacency. In contrast to 

the tissue simulator, the proposed software is able to deal with images of different 

sizes and has the potential of becoming a helping tool for dealing with large 

medical images. According to the literature of related work pertaining to image 

segmentation using MC, the face image used by Christinal, et al., has been 

adopted in this paper to validate the presented system. Christinal, et al., codified 

the input image manually, pixel by pixel, and the visualization of the output image 

was achieved manually in the tissue simulator, which takes time and effort 

especially when dealing with large images. The strategy that proposed by 

Christinal, et al., is impractical when dealing with large real images. Another 

limitation found in the literature is that only 4-adjacency relationship has been 

considered. Hence, we can summarize the contributions of the paper as follows: 

firstly, the input image has been codified automatically by linking P-Lingua with 

the Java platform. Secondly, two ways of adjacency relationships have been 

investigated and compared in terms of performance. Finally, the output of the 

image has been read and the segmented image has been rendered automatically 

instead of reading the output pixels and drawing the segmented image manually as 

in the previous works which used the tissue simulator tool. 

 

However, there are still some drawbacks of the proposed approach which need to 

be addressed thoroughly. The first limitation of the proposed approach is that it 

can only deal with a limited number of colours in the sense that it cannot be 

applied directly to real images with multiple colours. Accordingly, to deal with 

real medical images, the binarization of the image prior to segmentation is of 

considerable importance. Secondly, the proposed approach has been only 

simulated using a sequential architecture which in turn does not exploit the 

massive parallelism inherited in P systems.  In our future work, to fully make use 

of the MC parallelism, a parallel architecture such as CUDATM will be used to 

gain higher performance speedups over the serial implantation.  
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