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ABSTRACT:   
 

This paper presents a novel techniques of vector quantization using genetic algorithm to 

compressing medical test images. Genetic Algorithms (GAs) are adaptive heuristic search 

algorithm depends on the evolutionary ideas of natural selection and genetics. The main aim 

of this proposed method is to develop an effective algorithm which could produce a high 

compression ratio without any degradation in image. Vector quantization is a smart tool in 

lossy image compression technique which creates an efficient codebook. In this proposed 

work focuses on optimized result using novel genetic algorithm for compressing medical 

images. Experimental results shows that the proposed work reveals good compression ratio 

and higher PSNR value than the other existing methods. 
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[1] INTRODUCTION  

An ultimate growth of technology requires huge amount of storage for transmitting data in a 

efficient way. Image compression plays a vital role in multimedia applications. Also, this could 

be evolved in many online applications. The major achievement of image compression is a 

reduction of irrelevant and redundant information from the original data. [1-3] Image 

compression process: Encoding and decoding process has to be participated to compress an 

image.  
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An input image is fed into the encoder which creates a set of symbols from the input data. 

After transmission over the channel, the encoded representation is fed to the decoder, where a 

reconstructed output image f’(x,y) is generated. In general, f’(x,y) may or may not an exact 

imitation of f(x,y). If it is, the system is error free or information maintaining otherwise, some 

level of distortion is present in the reconstructed image [4-5]. The flow of image compression 

coding is shown as Figure 1.  

 

 

 

 

 

 

 

 

 

Figure 1. General Process of Image Compression 

Basically, image compression  is classified into two types which is  lossy and lossless 

compression. In lossless compression method , reconstructed image carries the original image 

information as such as possible[6]. Lossy image compression loss some irrelevant and 

redundant information from the original  image. Vector Quantization is a kind of effective tool 

in lossy image compression technique which generates an optimized codebook with quantized 

image blocks. 

 

 [1.1] VECTOR QUANTIZATION 

Vector Quantization is a well-organized technique of image compression. VQ 

compression system contains two components: VQ encoder and Decoder. The VQ encoder 

discovers a closest match codeword for each image block in the codebook or directory and the 

index of the codeword is transmitted to VQ decoder. The next phase is decoding phase in which 

VQ decoder replaces the index values with the respective codeword from the codebook and 

produces the quantized image that is called as reconstructed image [7-10].  

Basic Process of Vector Quantization is as following: 

 

Step 1: Initialize an input image. 

Step 2: Find the closest match code-vector for each image block from the    

            codebook. 

Step 3: Replaces code-vector by transmitted index of code for further  

            processing. 

Step 4: Above mentioned process might have reduce the storage space of  

             image. 

 

A vector quantization is usually described as a block of pixel values. The basic idea 

behind VQ technique is to develop a dictionary of fixed-size vectors that is called a code vector. 

Vector Quantization is also can be called “Block Quantization" or "Pattern Matching 

Quantization”. This technique is generally used in lossy compression methods. It works by 
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encoding values from a multidimensional vector space into a finite set of values. The process of 

VQ is depicted in Fig.2. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 2. Process of Vector Quantization 

 

The process of VQ uses K-means clustering to construct an efficient codebook with k-cluster 

centroids. 

 

[1.2] K-MEANS CLUSTERING 

 

 The K-means algorithm is one the popular clustering algorithm. It is widely used in VQ 

technique known for its efficiency and speed. This is an iterative clustering algorithm that 

generates a codebook which is a set of cluster centroids from the training data using an 

appropriate distance function suitable for the given application. K-means comprises of four 

steps: initialization, classification, computational and convergence criteria. The objective is to 

minimize the total intra-cluster variance, or the squared error function E. The algorithm begins 

by selecting ‘k’ initial cluster centroids (seeds). Each data point is allocated to the nearest 

cluster based on distance measure. At the end of each iteration, new centroids for each cluster 

are computed by finding the mean of each cluster and this process is repeated until the 

convergence of criterion function in Eq.(1). 

 

                                                                  (1) 

 
 
 where,     ‘||xi - yj||’ is the Euclidean distance between xi and vj. 

                            ‘ci’ is the number of data points in ith cluster.  

                            ‘c’ is the number of cluster centroids. 

 

The overall quality of clustering is the average distance from each data point to its associated 

cluster centroid. Several optimization techniques  such as Particle Swarm Optimization(PSO), 

Ant Colony Optimization(ACO) and Genetic Algorithm are used by k-means algorithm for 

generating an optimal codebook. 
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[1.3] GENETIC ALGORITHM 

 

Genetic Algorithm was introduced by John Holland in the early 1970's. GAs are represented an 

intelligent development of a random search used to solve optimization problems. Initially, GAs 

is identified as a popular evolutionary algorithm which could produce an optimal solution. The 

evolution process of GA usually starts from a population of randomly generated individuals 

known as chromosomes and happens in generations. In each generation, the fitness of every 

individual in the population is evaluated and multiple individuals are selected from the current 

population with a probability proportional to their fitness.  

The fitness function is defined over the genetic representation and measures the quality of the 

signified solution. The selected individuals (chromosomes) are then modified by applying 

genetic operators such as crossover and mutation to form a new population. The crossover 

operator generates a new offspring by swapping segments of two selected parent chromosomes 

across a crossover point.  

 

The crossover operation is performed with a crossover probability specific to the problem 

domain. The mutation operator flips selected positions in the chromosome with a mutation 

probability that is another time problem specific. The new population is then used in the next 

iteration of the algorithm. The algorithm terminates either with the maximum number of 

generations or having achieved a desired fitness value. 

Genetic algorithm has four basic process such as encoding process, fitness evaluation, 

reproduction and survivor selection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Structure of Genetic Algorithm 

 

The basic concept of Genetic Algorithm is outlined as follows: 

 Individuals in a population compete for resources and mates. 

 Those individuals mainly successful in each 'competition' will produce more offspring than 

those individuals that perform poorly. 
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 Genes from good individuals propagate throughout the population so that two good parents will 

sometimes produce offspring that are better than either parent. 

 Each successive generation will become more appropriate to their environment. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
[2] RELATED WORK 

 

This section presents the study of several existing methods proposed using Genetic Algorithms 

(GAs).  

 Basically, Genetic Algorithm is based on Darwin's paradigm. It is a nature inspired 

algorithm. The main core of this algorithm depends on robust search and optimization 

mechanism. Ali Alajmi et al. [11] proposed an algorithm based on selecting the most efficient 

genetic algorithm sets in solving unconstrained building optimization problem. Chin-Chen 

Chang et al. [12 presented a data embedding scheme for color images based on genetic 

algorithm and absolute moment block truncation coding. The author describes about the 

common bitmap generation procedure of GA-AMBTC has been modified to  speed up the 

hiding procedure. Pasi Franti [13] proposed a  method using Genetic algorithm with 

deterministic crossover for vector quantization. Hao Bai et al. [14] presented a method of 

matching strokes based on genetic algorithm. The author has encountered the problem to make 

the construction of fitness function which considers the structural and writing features of 

Chinese characters. Faraoun Kamel Mohamed et al. [15] proposed a method for speeding up 

fractal image compression by genetic algorithms. The author has explored all domain blocks 

which is presented in the image but not in exhaustive way  and without omitting any possible 

block as a classification pattern does. Kamal Kant Sharma et al. [16] proposed a genetic 

algorithm for creating an optimization of network route. proposed a genetic algorithm to design 

an academic scheduling to solve the academic schedule complexity. Yang Zheng [17] proposed 

an improved fractal image compression approach by using iterated function system and genetic 

algorithm. Anand K Pandey et al. [18] presented the genetic algorithm to find the optimal 

timing of Over-current relays. Andrei Petrovski et al. [20] proposed a method for optimising 

cancer chemotherapy using particle swarm optimisation and genetic algorithms. Several 

Methods have been proposed using Genetic Algorithm for compressing medical images. 

 

Begin 

 Generate initial population 

 Computer Fitness of each individuals 

 Repeat 

 For population-size /2 do 

 Select two parents from old generation 

           Recombine parents for two offspring 

 Compute fitness for offspring  

 Insert offspring in new generation  

 End For 

 Until population has converged 

end  
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 The rest of the paper is organized as follows: Section 2 describes about the 

methodology of the proposed work, Section 3 demonstrated the results and discussion about the 

overall performance of proposed method. Finally, Section 4 concludes the impact of the 

proposed method and also identified the enhancement of the future work. 

 

[3] PROPOSED METHOD 

 

 This section presents an overview of proposed method based on image compression 

using novel genetic algorithm and vector quantization. This proposed work investigated the 

major issues of the genetic algorithm such as effect of crossover, number of iterations and the 

block size on the quality generated code book. 

 The proposed work is categorized into two phases: Phase I generates the initial seeds 

using genetic algorithm and Phase II generates the code book using k-means clustering 

algorithm with the initial seeds generated in Phase I. 

 Phase I process begins by dividing the input image into n x n blocks forming the 

training set vectors. The variance of each vector is calculated and ‘N’ vectors with high 

variance are chosen as the initial population (initial seeds or centroids).  One half of these 

centroids (i.e) N/2 vectors are first subject to crossover with different crossover probabilities. 

The remaining centroids are subject to mutation. Mutation operation of proposed method is 

defined by (2). 

                                    

                                                             (2) 

 

 where, I(i,:) is the  ith centroid and Vi its corresponding variance. 

 In Phase II, the output vectors from phase I. The output vectors  are generated using the 

genetic operators which are the initial seeds for k-means clustering algorithm. The output 

vectors are fed into k-means clustering algorithm to generate the final set of cluster centroids.  

 The cluster centroids generated by k-means form the final code book. Finally the image 

is reconstructed by replacing the code vectors using code indices of each input vector. In 

decoding process, the compressed stream of image blocks are reconstructed by replacing the 

code-vectors from the final codebook.  

 

A. The Proposed Algorithm of Genetic VQ 

Phase I 

 

Step 1:Read the input image 

Step 2:Divide the image into [4 4] block size 

Step 3:Generation of initial seeds using genetic algorithm with crossover and mutation operator. 

Step 4:Apply K-Means clustering with the initial seeds generated from step 3. 

Step 5:Generate the final code book using the cluster generated in step 4. 

Step 6:Find the variance for each code blocks of the vector. 

Step 7:Reconstruct the image blocks by replacing code vectors from the final codebook. 
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B. The Proposed Flow Diagram 

 

The prescribe form of proposed method is represented in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Process of Proposed Flow Diagram 

[4] RESULTS AND DISCUSSION  

 

The performance of proposed method has been investigated  using five different medical test 

images such as MRI_Brain, MRI-Knee, MRI_Spine, Mammogram Image and X-ray Image. 

The results of the proposed method evaluated by standard  compression metrics like Mean 

Square Error (MSE), Peak Signal Noise Ratio (PSNR), Compression Ratio (CR) and 

Compression Time (CT). Generally, Peak Signal to Noise Ratio (PSNR) and Structural 

similarity index (SSIM) are used to compare image compression quality. Compression 

performance are evaluated by the compression ratio and bit-rate. 

 Peak Signal Noise Ratio(PSNR) - Peak Signal Noise Ratio(PSNR) is used to evaluate 

the quality between the compressed/ reconstructed image and the original image. Generally, it 

is measured in decibels using(4). 

                                                                                                            (4) 

 Structural Similarity (SSIM) -SSIM is an effective metric for measuring the image 

quality using mean, standard deviation and correlation of the pixels in the original image and 

the reconstructed image using(5). 

 

                                                                                                               (5) 

 

 Compression Ratio (CR) -Compression Ratio(CR) - Compression Ratio finds the 

compressed range of the reconstructed image, which defines the achievement of compression 

by the proposed method.                                        

                                              

                                                                                                  (6) 
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Bit-Rate(BR) - Bit-Rate(BR)/ Bits per pixel (Bpp) - Bit rate is used to find the minimum bits 

required for storing one pixel. 

 

                                                                      (7) 

 

 Also, Computation time has been minimized using the proposed method which has 

been proved the efficiency of the proposed method. 

 The performance analysis of the proposed method is presented in Table 1 for five 

different medical images. The quality of compressed and reconstructed image is analyzed using 

PSNR and SSIM values. Compression efficiency is measured by compression ratio and bit rate. 

 

Table 1. Performance Analysis of the Proposed Method 

 

Image 

Quality Metrics 
Compression 

Efficiency CT 

(In sec.) PSNR (In 

db.) 
SSIM CR BR 

MRI_Brain 33.840 0.970 10.666 0.750 3.402 

MRI_Knee 30.144 0.763 7.775 1.028 2.604 

MRI_Spine 36.848 1.000 8.553 0.935 2.538 

Mammogram 36.479 0.933 7.687 1.040 2.332 

X-ray Image 37.299 0.998 7.017 1.140 2.651 

 

 The experimental result shows that the proposed method yields higher PSNR value 

with good compression ratio. From the observation in Table 1, it is obvious that the X-ray 

image gives higher PSNR value and compression ratio than other medical images. Moreover, 

the compression ratio has increased significantly using proposed method.  

 

 Table 2 demonstrates the performance of the proposed method compare with  similar 

existing methods.  

Table 2. Comparative Analysis between the Proposed and Existing Method[21] 

 

Methods File Size CR MSE PSNR 

SVD 507544 0.9966 26.5623 33.8882 

SPHIT 507540 0.9982 6.1109 40.2698 

VQ 507408 0.9984 45.7102 31.5307 

Proposed Method 524288 10.666 27.193 33.820 
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 The results of Table 2 proves that the proposed method outperforms over similar 

existing methods. Furthermore, the proposed method has revealed high compression ratio gain 

of 10 without compromise in the quality.   

 

The comparative analysis of the proposed method is graphically represented in Figure 5. 

 

 
 

Figure 6. Graphical Representation of Comparative Analysis 
 

 The performance of the proposed method is tested using five different medical test 

images such as MRI_Brain, MRI_Spine, MRI_Knee, Mammogram and X-ray image. The 

visual representation of the proposed method presented in Fig. 7,8,9,10 and 11 respectively. It 

has been proved that the achievement of good quality of the reconstructed image over input 

image. 
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[5] CONCLUSION 

 

 This paper presents a novel method for generating the initial seeds for k-means 

algorithm based on genetic algorithm. This method uses both crossover and mutation operators 

effectively to produce good quality codebook. Experimental results has been conducted on 

different test medical images using the proposed method and also demonstrated the better 

performance over similar existing methods in terms of PSNR value and computation time.  
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