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Abstract: In this paper, a new watermarking 

approach centred on the discrete wavelet transform in 

combination with aging leader-based particle swarm 

optimization based SVD is proposed. The watermark 

scrambling has been done by using the Arnold 

transform in order to safeguard watermark further. 

Watermark becomes incomprehensive for the hackers 

or crackers after applying Arnold transform. The use 

of aging leader based particle swarm optimization 

based SVD has improved the speed and security of 

the watermarking approach further. We have 

compared the performance of existing and proposed 

techniques based on PSO and evaluate the parameters 

Absolute mean square error, Peak signal to noise 

ratio, Root mean square error, Normalized cross 

correlation and Median angular error. 
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I. Introduction 

In digital image processing, formation, manipulation 

and transmission of pictures is an easy and rapid 

method because of digital revolution [1]. Hackers 

may tamper any image and put it to use illegally by 

having accessibility to financial tools and picture 

handling practices [2]. This becomes the reason to 

offer digital picture protection and integrity. 

Watermarking approaches generally upload a 

message, bit string or perhaps a watermark picture 

into a host image [3].  

 

Fig1. Overview of the watermarking process 

In accordance with the sort of feature set the 

watermark is embedded. Discrete wavelet transform 

is utilized for embedding for the cover image 

transformation and particle swarm optimization 

which is dependent on co-relation coefficient are 

used to obtain the high energy coefficient watermark 

bit in the original image and then hide the watermark 

to the initial picture [4]. Then several types of attacks 

are put on the watermarked image to achieve 

accessibility to robustness and imperceptibility [5].  

The remaining structure of this paper is as follows: 

Related work is demonstrated in Section II. 

Mathematical formulations are given Section III. The 

proposed technique is depicted in Section IV. 

Experimental results and analysis are depicted in 

Section V. Concluding remarks and future directions 

are given in Section VI. 

 

II. Related work 

Hemlata S. Urade et.al (2011) [1] This paper shows 

an evaluation on PSO in single and multi objective 
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optimization. It includes the fundamental PSO 

algorithm and numerous practices utilized in pre-

existing algorithms.  

Mei-Ping Song et.al (2004) [2] In this paper Particle 

swarm optimization examines global optimum 

solution through exploiting the particle's memory and 

the swarm's memory. The basic and common 

algorithm is presented firstly. 

 Kalyanmoy Deb et.al (2010) [3] In this paper, typical 

PSO algorithms due to their capability to (i) approach 

the suitable area and (ii) concurrently emphasis to be 

able to discover the ideal precisely, in simplistic 

however scalable optimization issues demonstrating 

unimodality are investigated.  

Gunvir Kaur et.al (2014) [4] In this paper a new 

algorithm is proposed which is Hybrid improved 

particle swarm optimization with mutation crossover  

to obtain optimum advantage from assets, enhanced 

usage of assets is essential and because of this 

scheduling represents a significant role. 

 Dian Palupi Rini et.al (2011) [5] In this paper 

modification PSO is developed in order to fix the 

fundamental PSO issue. The observation and 

evaluation 46 connected studies in the time scale 

between 2002 and 2010 focusing on functionality of 

PSO, advantages and disadvantages of PSO, the 

essential substitute of PSO, change of PSO and 

applications which may have used applying PSO.  

Dervis Karaboga et.al (2014[6] This work shows a 

detailed study of changes with ABC and its programs 

as well as functions.  

Bahriye Akay et.al (2013) [7] In this report, two 

effective swarm-intelligence-based global 

optimization algorithms, particle swarm optimization 

(PSO) and artificial bee colony (ABC), have been 

applied to get optimum multilevel thresholds. Kapur's 

entropy, among optimum entropy practices, and 

between-class deviation has been checked as fitness 

functions.  

 S.Vijayalakshmi et.al (2014) [8] This report 

transplants aging leader and challengers (ALC-PSO) 

with its benefits and proposes Aging leader and 

challengers (ALC-PSO) in multi swarm.  

III. Preliminaries 

A.  Singular value decomposition 

Singular value decomposition is really a linear 

algebra approach applied in order to fix several 

mathematical issues. A picture may be viewed as a 

square matrix without loss in actuality. Therefore 

SVD strategy could be put on almost any pictures. 

The key intent behind this technique is to locate SVD 

of image and changing the singular value to be able 

to upload a watermark. 

B. Arnold transform 

Picture scrambling make some changes in the image 

which further rearranges the spatial place of pixels in 

accordance with principles and make picture 

distortion to obtain the safety. If the change 

principles and recommendations had not presented, 

the original picture cannot be reconstructed. With the 

use of Arnold transform, the matrix of image may be 

transformed a new matrix which results in scrambled 

version to provide best security. This transform is just 

a mapping function which changes a point (m, n) to 

some other point (m’, n’). 

                

                 

C. Artificial Bee Colony 

ABC algorithm supplies a population based process 

where individuals named food source positions are 

altered by artificial bees with time. This algorithm 

contains three crucial parts. 

1. Food options: Profitability of food sources 

relates with many facets such as for instance 

abundance of food, their distance to the nest and 

how easily they get the vitality from the source. 

2. Employed bees: chief bees are linked with 

certain food source they exploited. They hold 

details about the particular source. They reveal 

these details with forager bees which are inside 

the hive. 

3. Unemployed bees: These bees have both 

onlookers and scouts. The scouts arbitrarily 

search food options this behavior is some sort of 

variations which will be crucial for self 

organizations whilst the onlookers that had been 

waiting in hive locate a food source in a form of 

data shown by employed foragers. 

D. Particle Swarm Optimization 

The thought of PSO was presented for optimization 

of non linear functions. PSO is definitely an 

optimization strategy predicated on population 

referred as swarm. Each individual in swarm is 

recognized with a particle. All particles provide a 

probable solution for optimization problem. Each 

particle moves to its own particular best answer 

through each iteration. One of many contaminants of 

this swarm can also be going towards a global best 

solution. 

IV. Proposed algorithm 

A. Embedding watermark 
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Following steps are required to be followed in order 

to insert watermark in pictures. 

1. Choose the carrier signal where watermark is to 

be inserted. 

2. Next step is to choose the watermark which is to 

be inserted. It can be any text, picture, etc. 

3. In last step after choosing the watermark it is 

embedded into the carrier signal. 

 

 

Fig2. Process of embedding watermark in image 

B. Extraction process 

Following steps need to be followed for extracting 

watermark from the signal. 

1. Choose the watermark carrier from which 

watermark is required be extracted. 

2. After choosing picture discover watermark 

from carrier signal. 

3. At last stage it is extracted from carrier 

signal. 

 

Fig4. Flow chart of PSO algorithm utilized in 

proposed approach 

The algorithm proposed in this paper offers a solution 

to numerous issues related to the watermarking 

process. The planned algorithm is dependent on SVD 

and PSO so that watermark is stuck into a singular 

matrix acquired from the SVD of the LL sub band of 

cover image. From an evaluation of optimization 

procedures for picture watermarking it had been 
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discovered that PSO performs better as compared to 

GA.   

               

Fig 3. Method of getting watermark from picture 

In this system, PSO is integrated to obtain greater 

imperceptibility and robustness. For the purpose of 

embedding, the LL sub band in wavelet 

decomposition is effective against various noise 

problems and the small change in singular values 

does not considerably influence imperceptibility. 

This is the reason why LL sub band is picked for 

embedding purpose. It is split into on overlapping 

blocks of measurement 4*4 and SVD is positioned on 

all of them. To embed, watermark pixels alter very 

first singular value of these blocks having an 

appropriate scale factor. Place of embedding 

watermark pixels may be transformed and built 

random to improve the safety. The PSO algorithm 

chooses an appropriate value of the scale factor. 

Planned algorithm becomes more generalized for 

appropriate choice of the scale factor by utilization of 

PSO for a number of cover pictures. Moreover usage 

of SVD in embedding scheme not merely improves 

imperceptibility, robustness, and protection it 

additionally removes diagonal line issue from 

extracted watermarked pictures. 

V. IMPLEMENTATION AND RESULTS 

MATLAB is really an advanced specialized 

processing language and active environment for 

algorithm progress, information visualization, 

information evaluation and numeric computation. 

Utilizing the MATLAB solution, specialized 

processing issues may be resolved quicker in 

comparison with conventional coding languages like 

C, C++ AND FORTRAN. It may be utilized in 

variety of purposes such as picture    handling, 

economic modelling and evaluation. Toolbox extends 

the MATLAB environment in order to resolve 

particular classes of issues in these functioning areas. 

MATLAB offers a variety of attributes for 

documenting and discussing the work. MATLAB 

code may be incorporated with different languages 

and programs also the MATLAB algorithms and 

programs can be spread as well. The experimental 

results with artificial bee colony technique are shown 

below. The images which are taken as cover images 

and watermark images are given below. Based on 

these images the results of artificial bee colony 

algorithm and Particle swarm optimization technique 

are shown below in comparison table. 

Cover images 

             

(i) c11                            (ii) c12 

             

(iii) c13                          (iv) c14 

 

(iv) c15 

Watermark images 

          

(i) w11                                (ii) w12 

          

(iii) w13                            (iv) w14 

Choose watermark carrier 

Detect watermark from carrier 

signal 

Extracted watermark obtained 
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                                    (v) w15 

Comparison table shows the comparison between the 

parameters of ABC and PSO. Result of each and 

every parameter of proposed algorithm in comparison 

with existing algorithm is shown differently with 

having five cover images and five watermark images. 

Different attacks are also applied on these images 

which are shown in different table. 

Table1. PSNR values with existing and 

proposed technique 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 48.9643 48.1819 

C12 W12 42.3236 52.9103 

C13 W13 39.4676 50.1965 

C14 W14 34.3464 49.0125 

C15 W15 35.8833 47.1558 

 

Fig 5: PSNR 

Table2. RMSE values with existing and 

proposed technique 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.9085 0.9941 

C12 W12 1.9515 0.5768 

C13 W13 2.7112 0.7883 

C14 W14 4.8890 0.9035 

C15 W15 4.0961 0.9740 

 

Fig 6: RMSE 

Table3. MSE values with existing and proposed 

technique 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.8254 0.9883 

C12 W12 3.8082 0.3327 

C13 W13 7.3505 0.6215 

C14 W14 8.9022 0.8163 

C15 W15 9.7782 0.9487 

 

Fig 7: MSE 

Table4.  MAE values with existing and proposed 

technique 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 1.0212 0.9941 

C12 W12 1.1814 0.5768 

C13 W13 1.2669 0.7883 

C14 W14 1.4558 0.9035 

C15 W15  1.3934 0.9740 
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Fig 8: MAE 

Table5. CORR values with existing and proposed 

technique 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.9995 1.0000 

C12 W12 0.9995 1.0000 

C13 W13 0.9999 1.0000 

C14 W14 0.9994 1.0000 

C15 W15 0.9998 1.0000 

 

Fig 9: Normalized Cross Correlation 

Attacks table 

Table 6. Gaussian noise addition attack 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.9277 1 

C12 W12 0.9894 1 

C13 W13 0.9907 0.9877 

C14 W14 0.9816 0.8960 

C15 W15 0.9805 0.9894 

 

Fig 10: Gaussian noise 

Table 7. Median filter attack 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.9520 1 

C12 W12 0.9888 1 

C13 W13 0.9914 0.9877 

C14 W14 0.9914 0.9477 

C15 W15 0.9810 0.9513 

 

Fig 11: Median filter attack 

Table 8. Histogram attack 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.9494 1 

C12 W12 0.9912 1 

C13 W13 0.9929 0.9877 

C14 W14 0.9891 0.9477 

C15 W15 0.9801 0.9641 
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Fig 12: Histogram attack 

Table 9. Without attack 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.9744 1 

C12 W12 0.9942 1 

C13 W13 0.9964 1 

C14 W14 0.9951 1 

C15 W15 0.9899 1 

 

Fig 13: Without attack 

Table 10. Random noise attack 

Cover   

image 

Watermark 

image 

Existing 

technique 

Proposed 

technique 

C11 W11 0.9454 1 

C12 W12 0.9932 1 

C13 W13 0.9933 0.9877 

C14 W14 0.9867 0.9477 

C15 W15 0.9850 0.9513 

 

Fig 14: Random noise attack 

VI. CONCLUSION  

In this paper, we have proposed a new watermarking 

technique centred on the Singular value 

decomposition in combination with aging leader 

based particle swarm optimization based SVD. The 

watermark scrambling has been done by using the 

Arnold transform to safeguard watermark further. 

Watermark becomes incomprehensive for hackers or 

crackers by utilizing the Arnold transform. The use of 

aging leader based particle swarm optimization based 

SVD has improved the speed and security of the 

watermarking technique using MATLAB tool 

u2013a. We have compared the performance of 

existing and proposed techniques based on Absolute 

mean square error, Peak signal to noise ratio, Root 

mean square error, Normalized cross correlation and 

Median angular error. 
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