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ABSTRACT 
Gene clustering, the process of grouping related genes in the same cluster is at the foundation of different genomic studies that aim 
at analyzing the function of genes. Microarray technologies have made it possible to measure gene expression levels for thousands 
of genes simultaneously. For knowledge to be extracted from the datasets generated by these technologies, the datasets have to be 
presented to a scientist in a meaningful way. Gene clustering methods serve this purpose. In this paper, a particle swarm 
optimization based clustering technique is used to cluster the gene expressions and thereby using that data to analyze and treat 
the patients with heart disorders by providing a suitable and optimal treatment solution The clustering is done in such a manner 
that each cluster will have similar expressions and there will be a huge dissimilarity between any two clusters. The Particle Swarm 
Optimization clustering method is found to be more efficient and accurate when compared to other swarm algorithms. This is 
because PSO is basically multi population method – p – bests and g – bests [Position and Global best respectively]. Also the 
momentum effects on particle movement leads to faster convergence and more variety/diversity in such trajectories. 

 
KEYWORDS: Gene Clustering, Microarray, Particle Swarm Optimization, Heart Disorders, Optimal Solution, Convergence, 

Algorithms.  
 

INTRODUCTION 

 

One of the largest databases in the world is the genetic database obtained from the blood samples. The 

amount of data that we get from a single person’s blood sample itself could be enormous. When we take up the 

entire gene set of a living organism we have a huge amount of data set that becomes unmanageable if not 

grouped properly. If, for a single organism we get such a large data from its blood samples and the genes 

obtained from it, then consider the gene data obtained from all the living organisms in the world. It would be 

almost impossible to maintain such a huge database without proper classification. A complete analysis of these 

blood samples obtained from the entire living beings imparts us certain information’s such as – DNA 

Sequences, Genes, the molecular level and structure of the living person etc., using which we can diagnose and 

treat various diseases with ease of facilities. Now that we know the complexity of maintaining the gene data, let 

us go deeper into understanding how these data are actually obtained. The Microarray DNA is a methodology 

that most of the biologists use nowadays to monitor genome wide expression levels of genes in a given 

organism. A microarray is typically a glass slide on to which DNA molecules are fixed in an orderly manner at 

specific locations called spots (or features). A microarray may contain thousands of spots and each spot may 

contain a few million copies of identical DNA molecules that uniquely correspond to a gene (Figure 1A). The 

DNA in a spot may either be genomic DNA or short stretch of oligo-nucleotide strands that correspond to a 
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gene. The spots are printed on to the glass slide by a robot or are synthesized by the process of 

photolithography. 

Microarrays may be used to measure gene expression in many ways, but one of the most popular 

application is to compare expression of a set of genes from a cell maintained in a particular condition (condition 

A) to the same set of genes from a reference cell maintained under normal conditions (condition B). Figure 1B 

gives a general picture of the experimental steps involved. Once the various data are obtained from Microarray 

data analysis, it becomes essential to classify them. Several statistical approaches were used to generate the 

classifier model for the gene expression data. However, they produced an inflexible classification system that is 

unable to classify a sample, if the expressions of genes differ slightly from the predefined profile. 

                                
 

Fig. 1: (A) Microarray DNA (B) Experimental Steps 

 

As a result of this inflexible classification, there is a requirement to use some new algorithm or means that 

could produce a proper classification and clustering mechanism. Swarm intelligence (SI) is the collective 

behavior of decentralized, self-organized systems, natural or artificial. The concept is employed in work on 

artificial intelligence. The expression was introduced by Gerardo Beni and Jing Wang in 1989, in the context of 

cellular robotic systems. One of the algorithms of swarm intelligence is Particle Swarm Optimization (PSO) and 

it is based on the intelligent behavior of a flock of birds. Here, we use a Particle Swarm Optimization based 

clustering method that is used to classify the various Microarray gene data. Clustering is one of the 

unsupervised approaches to classify data into groups of genes or samples with similar patterns that are 

characteristic to the group. Clustering methods can be hierarchical (grouping objects into clusters and specifying 

relationships among objects in a cluster, resembling a phylogenetic tree) or non-hierarchical (grouping into 

clusters without specifying relationships between objects in a cluster). 

 

2 complete blood count: 

A complete blood count (CBC), also known as a complete blood cell count, full blood count (FBC), or full 

blood exam (FBE), is a blood panel requested by a doctor or other medical professional that gives information 

about the cells in a patient's blood, such as the cell count for each cell type and the concentrations of various 

proteins and minerals. A scientist or lab technician performs the requested testing and provides the requesting 

medical professional with the results of the CBC.Blood counts of various types have been used for clinical 

purposes since the 19th century. Automated equipment to carry out complete blood counts was developed in the 

1950s and 1960s. The cells that circulate in the bloodstream are generally divided into three types: white blood 

cells (leukocytes), red blood cells (erythrocytes), and platelets (thrombocytes). Abnormally high or low counts 

may indicate the presence of many forms of disease, and hence blood counts are among the most commonly 

performed blood tests in medicine, as they can provide an overview of a patient's general health status. A CBC 

is routinely performed during annual physical examinations in some jurisdictions. 

 

3. Medical Uses and Procedure: 

Complete blood counts are done to monitor overall health, to screen for some diseases, to confirm a 

diagnosis of some medical conditions, to monitor a medical condition, and to monitor changes in the body 

caused by medical treatments.For patients who need blood transfusion, a blood count may be used to get data 

which would help plan an amount of treatment. In such cases, the person should have only one blood count for 

the day, and the transfusion of red blood cells or platelets should be planned based on that. Multiple blood draws 



109           M. Blesson et al., 2017/Advances in Natural and Applied Sciences. 11(2) February 2017, Pages: 107-113 

 

and counts throughout the day are an excessive use of phlebotomy and can lead to unnecessary additional 

transfusions, and the extra unnecessary treatment would be outside of medical guidelines. 

The parameters which are usually observed and monitored while performing a complete blood count are as 

follows: 

• White blood cell (WBC, leukocyte) count. 

• White blood cell types (WBC differential). 

• Red blood cell (RBC) count. 

• Hematocrit (HCT, packed cell volume, PCV). 

• Hemoglobin (Hgb). 

• Red blood cell indices. 

• Platelet (thrombocyte) count. 

• Mean platelet volume (MPV). 

A phlebotomist collects the sample through venipuncture, drawing the blood into a test tube containing an 

anticoagulant (EDTA, sometimes citrate) to stop it from clotting. The sample is then transported to a laboratory. 

Sometimes the sample is drawn off a finger prick using a Pasteur pipette for immediate processing by an 

automated counter. 

In the past, counting the cells in a patient's blood was performed manually, by viewing a slide prepared with 

the wastes are dropped in dustbins which fall into the underlying conveyor arrangement. The conveyor drives 

the wastes into a separate conveyor that has the sensory arrangements and the image processing attached to it. 

The sensors and image processing technique identifies the object to be of type plastic, metal or bio degradable 

and they are directed to their respective bins. The bio degradable wastes are supplied to bio compost 

arrangement that yields manure. 

 

4. Methods Used: 

Automated Method: 

Most blood counts today include a CBC count and leukocyte differential count (LDC) (that is, not just the 

total WBC count but also the broken down percentage of each WBC type, such as neutrophils, eosinophils, 

basophils, monocytes, and lymphocytes). More sophisticated modern analyzers can provide extended 

differential counts, which include hematopoietic progenitor cells, immature granulocytes, and erythroblasts.  

The blood is well mixed (though not shaken) and placed on a rack in the analyzer. This instrument has flow 

cells, photometers and apertures that analyze different elements in the blood. The cell counting component 

counts the numbers and types of different cells within the blood. The results are printed out or sent to a 

computer for review. Blood counting machines aspirate a very small amount of the specimen through narrow 

tubing followed by an aperture and a laser flow cell. Laser eye sensors count the number of cells passing 

through the aperture, and can identify them; this is flow cytometry. The two main sensors used are light 

detectors and electrical impedance. The instrument measures the type of blood cell by analyzing data about the 

size and aspects of light as they pass through the cells (called front and side scatter). Other instruments measure 

different characteristics of the cells to categorize them. 

Because an automated cell counter samples and counts so many cells, the results are very precise. However, 

certain abnormal cells in the blood may not be identified correctly, requiring manual review of the instrument's 

results and identification of any abnormal cells the instrument could not categorize. In addition to counting, 

measuring and analyzing red blood cells, white blood cells and platelets, automated hematology analyzers also 

measure the amount of hemoglobin in the blood and within each red blood cell. This is done by adding a diluent 

that lyses the cells which is then pumped into a spectro-photometric measuring cuvette. The change in color of 

the lysate equates to the hemoglobin content of the blood. This information can be very helpful to a physician 

who, for example, is trying to identify the cause of a patient's anemia. If the red cells are smaller or larger than 

normal, or if there is a lot of variation in the size of the red cells, this data can help guide the direction of further 

testing and expedite the diagnostic process so patients can get the treatment they need quickly.  

 

Manual Method: 

Hem cytometers (counting chambers that hold a specified volume of diluted blood and divide it with grid 

lines) are used to calculate the number of red and white cells per liter of blood. (The dilution and grid lines are 

needed because there are far too many cells without those aids.).To identify the numbers of different white cells, 

a blood film is made, and a large number of white blood cells (at least 100) are counted. This gives the 

percentage of cells that are of each type. By multiplying the percentage with the total number of white blood 

cells, the absolute number of each type of white cell can be obtained. 

Manual counting is useful in cases where automated analyzers cannot reliably count abnormal cells, such as 

those cells that are not present in normal patients and are only seen in peripheral blood with certain 

hematological conditions. Manual counting is subject to sampling error because so few cells are counted 

compared with automated analysis. A manual count will also give information about other cells that are not 
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normally present in peripheral blood, but may be released in certain disease processes. Medical technologists 

examine blood film via a microscope for some CBCs, not only to find abnormal white cells, but also because 

variation in the shape of red cells is an important diagnostic tool. Although automated analyzers give fast, 

reliable results regarding the number, average size, and variation in size of red blood cells, they do not detect 

cells' shapes. Also, some normal patients' platelets will clump in EDTA anticoagulated blood, which causes 

automatic analyses to give a falsely low platelet count. The person viewing the slide in these cases will see 

clumps of platelets and can estimate if there are low, normal, or high numbers of platelets. 

 

5.  Proposed System: 

The existing system is based on the fact that the Microarray data classification problem involves a decision-

making process. This decision-making process has a lot of uncertainties associated with it because the gene 

expression data are quite vague in nature and they are very difficult to predict as the boundaries between them 

are not well defined. As a result of these uncertainties the existing system uses the concept of Fuzzy-Expert 

System to classify the gene expression data. Fuzzy Expert System deals with the uncertainties and in addition to 

this, the existing system uses two algorithms for swarm intelligence for obtaining the optimized solution for the 

classification problem. 

The two algorithms that are used here are: The Ant-Colony Optimization (ACO) and Artificial Bee 

Algorithm (ABA) are the two algorithms that have been used here. 

 

A.Ant Colony Optimization: 

The ant colony algorithm is an algorithm for finding optimal paths that is based on the behavior of ants 

searching for food. At first, the ants wander randomly. When an ant finds a source of food, it walks back to the 

colony leaving "markers" (pheromones) that show the path has food. When other ants come across the markers, 

they are likely to follow the path with a certain probability. If they do, they then populate the path with their 

own markers as they bring the food back. As more ants find the path, it gets stronger until there are a couple 

streams of ants travelling to various food sources near the colony. Because the ants drop pheromones every time 

they bring food, shorter paths are more likely to be stronger, hence optimizing the "solution." In the meantime, 

some ants are still randomly scouting for closer food sources. Once the food source is depleted, the route is no 

longer populated with pheromones and slowly decays. 

 

B. Artificial Bee Algorithm [ABA]: 

The Artificial-Bee algorithm uses common control parameters such as colony size and maximum cycle 

number. ABC as an optimization tool provides a population-based search procedure in which individuals called 

foods positions are modified by the artificial bees with time and the bee’s aim is to discover the places of food 

sources with high nectar amount and finally the one with the highest nectar. In ABC system, artificial bees fly 

around in a multidimensional search space and some (employed and onlooker bees) choose food sources 

depending on the experience of themselves and their nest mates, and adjust their positions. Some (scouts) fly 

and choose the food sources randomly without using experience. If the nectar amount of a new source is higher 

than that of the previous one in their memory, they memorize the new position and forget the previous one. 

Thus, ABC system combines local search methods, carried out by employed and onlooker bees, with global 

search methods, managed by onlookers and scouts, attempting to balance exploration and exploitation process. 

 

C.Hybrid Ant – Bee Algorithm: 

The existing system uses a combination of both Ant-Colony Optimization (ACO) and Artificial-Bee 

Algorithm (ABA) to find the optimized solution for the Microarray data classification problem. The Artificial-

Bee algorithm works just as specified above with each of the three phases of bees performing their functions. 

Once they obtain the optimized solution with the highest nectar source, the path to reach the destination is done 

by using the Ant-Colony Optimization. The ACO algorithm is used to select the shortest path (optimized 

solution) and this is used by ABA to generate the solution space. 

Limitations: 

• Trade – offs in evaluating convergence. 

• The coding is not straight – forward rather a bit complicated. 

• Using hybrid methods may take a lot of time than the implementation of single algorithms. 

 

6. Objective and specifications: 

The main objective of the proposed system is to obtain the genetic data from every individual particle and 

cluster the above data for analysis and evaluation so as to diagnose the possible heart disorders for the patients 

and to find out an optimal working treatment solution that the patient’s body would possibly accept – quick 

recovery. The idea is to perform all the above mentioned tasks in a quick and efficient manner, most probably 

automated, so as to reduce manual labor. Requirement specification is the process of clearly defining the various 
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requirements that were earlier gathered in the requirements analysis phase. This phase is very essential as this 

determines the feasibility of the project. 

 

Requirements and specifications: 

 Software requirements specification establishes the basis for an agreement between customers and 

contractors or suppliers (in market-driven projects, these roles may be played by the marketing and development 

divisions) on what the software product is to do as well as what it is not expected to do. Software requirements 

specification permits a rigorous assessment of requirements before design can begin and reduces later redesign. 

It should also provide a realistic basis for estimating product costs, risks, and schedules. 

The software requirements specification document enlists enough and necessary requirements that are 

required for the project development. To derive the requirements we need to have clear and thorough 

understanding of the products to be developed or being developed. This is achieved and refined with detailed 

and continuous communications with the project team and customer till the completion of the software.  

 

Requirement Specification: 

This is the phase of SRS where the clear cut requirements from the customers are depicted. They should be 

as unambiguous and precise as possible as this is the most important input to the project. A high-level 

requirements specification is required. The purpose of the requirements analysis is to identify requirements for 

the proposed system. The emphasis is on the discovery of user requirements. Each requirement (or problem) 

must be defined and documented in the requirements catalogue. Each requirement is recorded in the 

requirements catalogue on a requirements catalogue entry form. 

MATLAB is a high-level language and interactive environment for numerical computation, visualization, 

and programming. Using MATLAB, you can analyze data, develop algorithms, and create models and 

applications. The language, tools, and built-in math functions enable you to explore multiple approaches and 

reach a solution faster than with spreadsheets or traditional programming languages, such as C/C++ or Java. 

You can use MATLAB for a range of applications, including signal processing and communications, image and 

video processing, control systems, test and measurement, computational finance, and computational biology. 

More than a million engineers and scientists in industry and academia use MATLAB, the language of technical 

computing. 

Mat LAB [Matrix Laboratory] is a multi – paradigm numerical environment and a fourth generation 

programming language developed by Math Works. Mat LAB allows matrix manipulations, plotting of functions 

and data, implementation of algorithms, creation of user interface, and interfacing with programs written in 

other languages including C, C++, Java, FORTRAN and Python. Although MATLAB is intended primarily for 

numerical computing, an optional toolbox uses the MuPAD symbolic engine, allowing access to symbolic 

computing capabilities. An additional package, Simulink, adds graphical multi-domain simulation and Model-

Based Design for dynamic and embedded systems. 

                                                                
 

Fig. 2: MATLAB Graphics Simulation 

 

RESULTS AND DISCUSSIONS 

 

The calculations using the formulations has been performed and then simulated in the so called, Mat LAB 

software and the following output is obtained. 
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Fig. 3: Fuzzy particle swarm optimization 

 

 
 

Fig. 4: Fuzzy Particle swarm optimization graph 

 

 
 

Fig. 5: Fuzzy particle swarm optimization output 

 

                             
Fig. 6: ABC algorithm graph 
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8. Conclusions and Future Research: 

In this paper we have proposed the use of Particle Swarm Intelligence as a means of clustering the data that 

we obtain from the Microarray gene data experiment. Since the data that we get from the Microarray experiment 

can be quite huge, we need an efficient algorithm that could be used to cluster them in a proper manner. There 

are several algorithms that actually serve the purpose of clustering; however, Particle Swarm Optimization can 

be seen as one of the best. The main reason behind this is that PSO has the least standard deviation and the time 

taken by PSO is also comparatively lesser than other algorithms. Since these are two most desirable traits of any 

classification mechanism, PSO becomes the natural choice of our clustering problem. Once the efficient 

clustering of the data is done, it can be used to compare the differences between the diseased human gene and 

the normal gene. This comparison can usually lead to the efficient localization of the cell which is affected by 

the disease. The treatment to most of the diseases like cancer, liver disorders, heart attacks and other threats 

could be done with more accuracy once the proper clustering of the genetic data is done. Since the applications 

of this type of clustering are extremely useful, the algorithm to perform the clustering should be highly 

effective. This is the reason why we have chosen PSO with its minimum deviation and time delay as the best 

algorithm for the clustering problem. 
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