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Abstract 

In this paper Genetic Algorithm is used to detect the location of cancer nodule in Computed Tomography (CT) image of lungs. 

The lung lobe is applied to the genetic algorithm to find the location of nodule. The pixels of the image are taken as the population. 

The intensity of the pixel values is taken as the fitness value of the respective chromosomes. During each iteration, the pixels which 

have fitness values 240 or above are plotted. The plots of the pixels through all the iterations, till the convergence is reached, 

represents the cancer area of the lungs. With the population size of 1600, the accuracy obtained is 94.2%. With this population 

size, cancer nodules of size less than 4 mm are not detected. When the population size is increased, small nodules are also detected.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In a genetic algorithm, a population of candidate solutions to an optimization problem is evolved toward better solutions. Each 

candidate solution has a set of properties which can be mutated and altered; traditionally, solutions are represented in binary as 

strings of 0s and 1s, but other encodings are also possible. The evolution usually starts from a population of randomly generated 

individuals, and is an iterative process, with the population in each iteration called a generation. In each generation, the fitness of 

every individual in the population is evaluated; the fitness is usually the value of the objective function in the optimization problem 

being solved. The more fit individuals are stochastically selected from the current population, and each individual's genome is 

modified (recombined and possibly randomly mutated) to form a new generation. The new generation of candidate solutions is 

then used in the next iteration of the algorithm. Commonly, the algorithm terminates when either a maximum number of 

generations has been produced, or a satisfactory fitness level has been reached for the population. 

For segmentation, few methods have been reported based on genetic algorithm, in the literature. Huynh et.al (2011) presented a 

new approach for improving semantic image segmentation system using a genetic algorithm. Experiments were conducted and 

evaluated extensively on benchmark data sets for segmentation of 21 object classes. The average segmentation accuracy over all 

object classes is 78.7%. Giosuk (2001) proposed a new algorithm for image segmentation.  It is based on a genetic approach that 

allows us to consider the segmentation problem as a global optimization problem (GOP). For this purpose, a fitness function, based 

on the similarity between images, has been defined. The accuracy obtained is 80%. Ujjwal (2009) proposed an automatic MRI 

brain image segmentation technique using a new fuzzy point symmetry based genetic clustering technique is proposed with 

encoding of the cluster centers in the chromosomes. It is able to evolve the number of clusters present in the dataset automatically. 

The population size is kept fixed at 20. It is observed that the method provides an improvement in the range over fuzzy C-means. 

Omid Jamshidi et.al (2013) proposed a new method for estimating the right number of segments and automatic segmentation of 

human normal and abnormal MR brain images. In this method,  it has been tried to change the FCM method as a fitness function 

for combination of it in genetic algorithm to do the image segmentation more accurately. Results show that the proposed method 

has a significant improvement in the accuracy of image segmentation in comparison to similar methods. 

Genetic Algorithm (GA): Genetic algorithm is a stochastic search algorithm, which uses probability to guide the search. Genetic 

algorithms are a class of parallel adaptive search algorithms based on the mechanics of natural selection and natural genetic system. 

It can find the near global optimal solution in a large solution space quickly (Bandyopadhyay et.al, 1998). It has been used 

extensively in many application areas, such as image processing, pattern recognition, feature selection, and machine learning. It is 

a powerful search technique that mimics natural selection and genetic operators. Its power comes from its ability to combine good 

pieces from different solutions and assemble them into a single super solution. a fitness value is assigned which is denoted as f(xi). 

A stronger individual that is those chromosomes with fitness values closer to the colony optimal will have greater chance to survive 

across epochs and to reproduce than weaker individuals which will tend to perish. In other words, the algorithm will tend to keep 

inputs that are close to the optimal in the set of inputs being considered and discard those that underperform the rest. The crucial 

step in the algorithm is reproduction or breeding that occurs once per epoch (Prerna Pachunde et.al 2012). The content of the two 

chromosomes participating in reproduction are literally merged together to form a new chromosome called a child. This heuristic 

allows us to possibly combine the best of both individuals to yield a better one. Moreover during each epoch, a given fraction of 
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the organisms is allowed to mutate (Ziomek et.al, 2000). This provides a degree of randomness which allows us to span the whole 

input space by generating individuals with partly random genes. 

Methodology: The population consists of pixels. The pixels are treated as chromosomes. The initial population size is 

1600(chosen as minimum). As the image size is 256 X 256 at least 1600 random pixels are chosen so that some of the cancerous 

cells appear as chromosome in the initial population. The value 1600 is fixed by trial and error basis. Each chromosome of the 

population is of 24 bits where the first 12 gene represents the row index of the pixel and the remaining 12 gene represent the 

column index of the pixel. The intensity of the pixels is taken as the fitness value of the respective chromosomes. 

Based on the statistics from the 100 CT images taken, it is inferred that the pixels with intensity above 240 may represent 

cancerous cell or air gap. So the chromosome having fitness values 240 or above are chosen for reproduction. The row and column 

indeices of the chromosome with maximum intensity is indentified from the population taken. 

All the genes that represent the row indices of the chromosomes in the population are replaced by row index of the identified 

chromosome with maximum intensity, retaining their column indices. The newly generated population represents a single(entire) 

row which has both cancerous and non cancerous pixels where only the cancerous pixels are considered and the non cancerous 

pixels are dropped out. 

All the genes that represent the column indices of the chromosomes in the population are replaced by column index of the 

identified chromosome with maximum intensity, retaining their row indices. The newly generated population represents a single 

(entire) column which has both cancerous and non cancerous pixels where only the cancerous pixels are considered and the non 

cancerous pixels are dropped out. 

The process is repeated until no white pixels are found.  Doing each iteration, the chromosome which have fitness values 240 

and above are retained.  The plots of the chromosomes through all the iteration, till the convergence is reached represents the 

cancer area of the lung.  

II. EXPERIMENTAL RESULTS 

In this work CT images of 200 patients are collected including both men and women. In the dataset 115 images are with cancer 

nodules and 85 without cancer nodules. Figure 7.1 shows CT image of lungs with a large cancer nodule present. Figure 7.2 shows 

the output of Genetic Algorithm showing the cancer region. 

 

Fig. 7.1: CT image of lungs with a large cancer nodule. 

 
Fig. 7.2: Genetic Algorithm output of Figure 7.1 

The chromosomes which have value greater than 240 are traced. So the graph shows the shape of the cancer nodule. The pixels 

representing the air gaps are also with intensity more than 240. So they are also traced. Since the tracing is continuous, though the 

cancer nodules and the air gaps are apart from each other, they are connected by a straight line. The cancer nodules which spread 

over considerable area compared to air gaps are shown by dense serrated regions in the graph. The X and Y axes of the graph 

represent the column and row indices respectively. Figure 7.3 shows CT image of lungs with a small cancer nodule. Figure 7.4 

shows the output of Genetic Algorithm showing the cancer region. 
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Fig. 7.3: CT image of lungs with a small cancer nodule 

 
Fig. 7.4: Genetic Algorithm output of Figure 7.3 

Figure 7.5 shows CT image of lungs without cancer nodule. Figure 7.6 shows the output of Genetic Algorithm. 

 
Fig. 7.5: CT image of lungs without cancer nodule 

 
Fig. 7.6: Genetic Algorithm output of Figure 7.5 

In the non-cancerous images, the smaller air gaps with intensity greater than 240 are plotted as points. Since the algorithm traces 

continuously all the pixels with intensity greater than 240, the graph correspond to non-cancerous images are shown with straight 

lines. Absence of dense serrated regions indicates absence of cancer nodules in such images. 

III. CONCLUSION 

In this paper, a computer aided detection of cancer nodule in CT images of lungs is proposed. The lung lobe is applied to the 

genetic algorithm to find the location of nodule. The pixels of the image are taken as the population. The intensity of the pixel 
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values is taken as the fitness value of the respective chromosomes. During each iteration, the chromosomes which have fitness 

values 240 or above are retained. The plots of the chromosomes through all the iterations, till the convergence is reached, represents 

the cancer area of the lungs. With the population size of 1600, an accuracy of 94.2% with a sensitivity of 96.3% and specificity of 

88% is obtained. With this population size, cancer nodules of size less than 4 mm are not detected. When the population size is 

increased, small nodules are also detected. When the number of iterations is increased, the sensitivity can be increased. But the 

specificity will reduce as the air gaps present in the images are also detected as cancer nodules. The number of iterations is limited 

to 4000, such that the sensitivity is maximum without reducing the specificity. With the population size of 4000, an accuracy of 

97% with a sensitivity of 98.2% and specificity of 95.3% is obtained. 
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