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PREFACE 

 

We are delighted to welcome you to the twelfth issue of the International Journal of 

Emerging Technologies in Computational and Applied Sciences (IJETCAS). In recent years, 

advances in science, technology, engineering, and mathematics have radically expanded 

the data available to researchers and professionals in a wide variety of domains. This unique 

combination of theory with data has the potential to have broad impact on educational 

research and practice. IJETCAS is publishing high-quality, peer-reviewed papers covering 

topics such as computer science, artificial intelligence, pattern recognition, knowledge 

engineering, process control theory and applications, distributed systems, computer 

networks and software engineering, electrical engineering, electric machines modeling and 

design, control of electric drive systems, non-conventional energy conversion, sensors, 

electronics, communications, data transmission, energy converters, transducers modeling 

and design, electro-physics, nanotechnology, and quantum mechanics.  

 

The editorial board of IJETCAS is composed of members of the Teachers & Researchers 

community who have expertise in a variety of disciplines, including computer science, 

cognitive science, learning sciences, artificial intelligence, electronics, soft computing, 

genetic algorithms, technology management, manufacturing technology, electrical 

technology, applied mathematics, automatic control , nuclear engineering, computational 

physics, computational chemistry and other related disciplines of computational and applied 

sciences. In order to best serve our community, this Journal is available online as well as in 

hard-copy form. Because of the rapid advances in underlying technologies and the 

interdisciplinary nature of the field, we believe it is important to provide quality research 

articles promptly and to the widest possible audience. 

 

We are happy that this Journal has continued to grow and develop. We have made every 

effort to evaluate and process submissions for reviews, and address queries from authors 

and the general public promptly. The Journal has strived to reflect the most recent and finest 

researchers in the field of emerging technologies especially related to computational and 

applied sciences. This Journal is completely refereed and indexed with major databases like: 

IndexCopernicus, Computer Science Directory, GetCITED, DOAJ, SSRN, TGDScholar, 

WorldWideScience, CiteSeerX, CRCnetBASE, Google Scholar, Microsoft Academic Search, 

INSPEC, ProQuest, ArnetMiner, Base, ChemXSeer, citebase, OpenJ-Gate, eLibrary, 

SafetyLit, SSRN, VADLO, OpenGrey, EBSCO, ProQuest, UlrichWeb, ISSUU, SPIE Digital 

Library, arXiv, ERIC, EasyBib, Infotopia, WorldCat, .docstoc JURN, Mendeley, 



ResearchGate, cogprints, OCLC, iSEEK, Scribd, LOCKSS, CASSI, E-PrintNetwork, intute, 

and some other databases. 

 

We are grateful to all of the individuals and agencies whose work and support made the 

Journal's success possible. We want to thank the executive board and core committee 

members of the IJETCAS for entrusting us with the important job. We are thankful to the 

members of the IJETCAS editorial board who have contributed energy and time to the 

Journal with their steadfast support, constructive advice, as well as reviews of submissions. 

We are deeply indebted to the numerous anonymous reviewers who have contributed 

expertly evaluations of the submissions to help maintain the quality of the Journal. For this 

twelfth issue, we received 152 research papers and out of which only 61 research papers 

are published in three volumes as per the reviewers’ recommendations. We have highest 

respect to all the authors who have submitted articles to the Journal for their intellectual 

energy and creativity, and for their dedication to the field of computational and applied 

sciences.  

 

This issue of the IJETCAS has attracted a large number of authors and researchers across 

worldwide and would provide an effective platform to all the intellectuals of different streams 

to put forth their suggestions and ideas which might prove beneficial for the accelerated 

pace of development of emerging technologies in computational and applied sciences and 

may open new area for research and development. We hope you will enjoy this twelfth issue 

of the International Journal of Emerging Technologies in Computational and Applied 

Sciences and are looking forward to hearing your feedback and receiving your contributions. 

 

 

(Administrative Chief)                 (Managing Director)                  (Editorial Head) 
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Error Analysis in Determining Parameters of Overlapping Peaks Using Separation of 

Complex Spectra into Individual Components 

Case Study: Triplets 
J. Dubrovkin 

Computer Department, Western Galilee College,  

2421 Acre, Israel  

 

Abstract: Based on the concept of Big Data Modeling, the errors in determining peak parameters of noisy 

Gaussian triplets using nonlinear least squares curve fitting have been evaluated. Calculations were performed 

using Gauss-Newton (with Levenberg-Marquardt modifications) and genetic algorithms The probability that the 

relative error in estimating each model parameter is not greater than a priory given limit for a given fitting 

error has been calculated. It was shown that using the derivative mode for curve fitting has no advantage over 

the normal mode. It was demonstrated that the mean errors for the genetic algorithm are significantly greater 

than for the Gauss-Newton algorithm. It was found that the mean probability for triplets is higher than that for 

quartets. Obtained results showed that small fitting error does not guarantee that a fitting algorithm does 

converge to the correct peak parameters. 

Keywords: spectrochemistry, overlapping peaks, curve fitting, Gauss-Newton and genetic algorithms, errors of 

peak parameters 

 
I. Introduction 

Mathematical separation of overlapping analytical signals (peaks) is one of the widely used pre-processing 

methods in spectroscopy and chromatography (see references in [1]). Numerous computer-based algorithms 

have been developed to solve the separation problem (e.g., derivative spectroscopy and other peak sharpening 

methods). However, the most mathematically rigorous curve-fitting procedures for separation of badly resolved 

peaks are based on the fitting a priory model to the experimental data using the Gauss-Newton regression 
algorithm with Levenberg-Marquardt modifications (in what follows the Gauss-Newton algorithm) and genetic 

algorithm [2]. Curve-fitting model parameters are served as raw data for the qualitative and quantitative 

analysis. It is well known that the process of determining parameters of overlapping peaks in the case of 

uncertainty in the measured data is represented mathematically as an inverse ill-posed problem [3]. This 

problem can be solved only by using a priory information about the exact solution. Therefore, generally 

speaking, it was pointed out that one can only evaluate the probability (    ) that the relative error in estimating 

parameter    of i
th

 peak  is not greater than a given value for a given fitting error [4]. 

The previous paper [4] dedicated to the error analysis in determining parameters of unresolved peaks was based 

on the concept of Big Data Modeling [5]. We studied 771,750 Gaussian quartets which set of the parameters 

covered most common values. Although it is impossible to mimic all practical situations (a population) 

encountered in spectra, general qualitative and quantitative patterns have been obtained. It was shown that small 

fitting error does not guarantee that a fitting algorithm does converge to the correct peak parameters. The 

relationships between the mean probability over all quartet parameters and the parameters of the Gauss-Newton 

algorithm have been established. It was found that the probability     
 strongly depends on the sample of 

quartets taken from the entire population.  

It is impossible to increase essentially the size of the quartet population since the decomposition process is a 

very time consuming. However, the set of possible values of peak parameters may be significantly increased 

using triplets despite that their number decreases. "Small" size of a set of triplets allows studying the genetic 

algorithm which is significantly time consuming as compared to the Gauss-Newton method. Also it is 

interesting to compare results obtained for quartets and triplets.   
In this paper we present an analysis of the errors in determining peak parameters of overlapping peaks using the 

least squares decomposition of complex spectra into individual components. Decomposition was carried out via 

the Gauss-Newton and the genetic algorithm. The spectra were simulated by the 254,016 combinations of three 

Gaussian peaks which parameters are varying in a very large range.   

In what follows, for the sake of simplicity, term “line” is used instead of terms “peak, line and band”. The 

standard algebraic notations are used throughout the article. All calculations were performed and the plots were 

built using the MATLAB software. 
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II. Computer Modeling 

Multiline spectra were simulated by Gaussian triplets: 

                                                                                         
 
                                                                          

where                                   
   is the i

th
 line;                                and     

are the position of the maximum, the relative intensity and the relative width of the i
th

 line, respectively. 

Parameter values of triplets are given are given in Table 1(total number of combinations                 ). 

High and low resolution spectra of triplets and their first-order derivatives are shown in Fig. 1. 
Table 1. Parameter values  

Parameter                                

Values 0 0.3:0.1: 1 1 0.1, 0.2, 1/3, 0.5, 1, 2, 3, 5, 10 1 0.2, 1/3, 0.5, 1, 2, 3, 5 

Curve fitting (non-linear regression) to three Gaussian lines was performed using Gauss-Newton (MATLAB 

function nlinfit) and genetic (MATLAB function ga) algorithm. The first algorithm was also applied to the first-

order derivative of the triplets (the derivative mode).    

For the Gauss-Newton algorithm the initial values of parameters (  
    ) except      

     , were equal to 

                                                                    
                                                                                              

where      
         and      

         are the low and the upper bounds, respectively;   
     is a true 

parameter value;      and      are      , respectively;    =0.2 and 0.5;   is a random variable uniformly 

distributed in the range 0-1.  

Since the true value of     is zero, then its initial value 

                                                                        
                                                                                                 

For genetic algorithm the range of parameter values:             except                    
                                     

Figure 1. Spectral triplets and their first-order derivatives  

 
                       [-0.3, 0.1, 3, 0.3, 0.1, 3 ] (a), [-1, 10, 3, 1, 10, 3] (b) and [-1, 1, 0.2, 1, 1, 0.2] (c). 

 

Random noise with zero mean and standard deviation   0.01 was added to the each triplet (1).  =0.002 for 

low noise triplets. At the next step triplet parameters were estimated. For randomization these two procedures 

were repeated 20 times. We studied two cases: 

1. Unconstrained non-linear regression (UR) when whole curve-fitting data was considered valid. 

2. Constrained regression (CR). In the case of the rank deficient program warnings of the Gauss-Newton 

algorithm and when the maximum number of generations of genetic algorithm exceeded, the obtained data was 

rejected. In both cases the following soft constraints were applied: 

                                                                                                                                                          
The relative error (%) in estimating parameter    is equal to  

                                                                          
        

        
        

                                                               

where    
      is the mean value of the   

     -values. 

The fitting error:  

                                                                              
 

        
                                                                     

where          is obtained from Eq. 1 by substituting    
     . 
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The indicator for good model fit was  

                                                                                                                                                                                 

where         is the noise multiplier. The number of the good-fitting models              From these models 

only those triplets for which 

                                                                                      
                                                                                                 

have been chosen.      =             for all     except      for which                             

Number of selected triplets depends on the coefficients   (             ). The relative value (%):           

                                                                                                                                                              

has been calculated. It was shown in [4] that     may be considered as the probability that the relative error in 

estimating parameter    is not greater than      for a given      over good fit. Also we found that the mean 

probability       weakly depends on the sample taken from the entire population of Gaussian quartets. 

 

III. Results and Discussion 
Typical histograms of the    

 distributions for       =3 are given in Figs. 2-6. These plots are usually 

asymmetric unimodal, however for    =0.5 two modes appear for    and    in the case of the Gauss-Newton 

algorithm. For genetic algorithm the histogram shapes are differ from the corresponding histograms of the 

Gauss-Newton algorithm. This result is due to different use of initial parameters for both algorithms. 

It is seen from the histograms that the number of the good-fitting models       significantly decreases for 

   =0.5 as compared to    =0.2.  

Table 2 represents the statistical parameters (mean, variance and skewness) of the error distributions. It is seen 

from this table that for experiments based on the unconstrained regression the absolute value of mean errors  

     
   increase if the range bounds of initial guesses increase (    increases from 0.2 to 0.5).  

For experiments based on constrained regression (Eq. 4), the size of the sets meet the given constraints, 

decreases. For these sets       
    decreases as expected. The exceptions are       and        for    =0.2 and 0.5, 

respectively. For the Gauss-Newton algorithm the values of        
   in the derivative mode increase as compared 

to the normal mode. 
Figure 2. Histograms of the error distribution for Gauss-Newton algorithm (       ) 

 
Figure 3. Histograms of the error distribution for Gauss-Newton algorithm (       ) 
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Figure 4. Histograms of error distribution for genetic algorithm (       ) 

 
 

Figure 5. Histograms of the error distribution for genetic algorithm (       ) 

 
 

The mean errors for the genetic algorithm are significantly greater than for the Gauss-Newton method (Table 2).  

As expected, the mean errors of triplets are less than corresponding errors for quartets [4].  

No dependence of skewness upon the errors of modeling parameters has been found. 

Fig. 6 shows that in the most cases the correlation between errors is low. 

The relative error probability is a very complex function                         Tables 3 and 4 represent some 

numerical values of this function for Gauss-Newton and genetic algorithms. From these tables the following 

conclusions can be drawn: 

1. For both algorithms probability      increases while increasing   .  The dependence             is  

Table 2. Statistical parameters of the error distributions (         ) 

    Regression 
Parameters of triplets 

                              

Gauss-Newton algorithm. Normal mode 

 
 

0.2 

UR 

-
0.074± 
0.016 

-0.24± 
0.017 

-0.73± 
0.017 0 -0.39± 

0.015 
-0.23± 
0.009 

-
0.089± 
0.016 

-0.25± 
0.017 

-0.75± 
0.017 

0.23 -0.43 -2.9 -0.36 -1.0 -2.4 0.079 -0.43 -2.8 

CR 

-
0.061± 
0.014 

0 -0.33± 
0.010 0 -0.38± 

0.015 
-0.26± 
0.007 

-
0.059± 
0.016 

-
0.072± 
0.017 

-0.80± 
0.017 

0.071 1.0 -1.8 -0.69 -1.1 -1.1 0.65 0.75 -2.4 

0.5 
UR 

-1.05± 
0.13 

-0.24± 
0.11 

-1.61± 
0.11 0 -1.05± 

0.082 
0.38± 
0.079 

-1.14± 
0.13 

-
0.041± 
0.11 

-1.63± 
0.12 

-0.97 -0.26 -1.7 -0.21 -1.21 0.15 -1.1 0 -1.7 
UR -0.11± -0.14± -0.26± 0 -0.11± - -0.18± -0.10± -0.27± 
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Figure 6. Linear correlation coefficients between errors  

 
Genetic algorithm:      =0.2 (a), 0.5 (b)). Newton-Gauss algorithm: normal mode (   =0.2 (c), 0.5 (d)),  derivative 

mode (   =0.5 (e)) 
  

decreasing for the Gauss-Newton algorithm; however, for genetic algorithm it is increasing in many cases (red 

numbers in Table 4). Contrary to the Gauss-Newton algorithm it is rapidly approaching saturation at small 

values of               
2. The mean probability      for    =0.2 is higher than that for    =0.5. 

3. Constrained regression increases the values of         

4. The mean probability      decreases in the derivative mode as compared with the normal mode. This result 

contradicts the conclusion of [6]. In this article it was pointed out that a chance of finding accurate values of line 

parameters increases with increasing resolution in the first-order derivative. However, the noise enhancement 

due to the differentiation decreases the probability     .  

5. There is no general relationship between whose  probabilities which  satisfied  the condition 

                and triplet parameters. However, for constrained regression when    =0.5 this condition is 

true for    and    in both modes. Only one exception exists. So, the intensity and the width of the middle triplet 

line are the most error-sensitive triplet parameters in decomposition process.  
6. The mean probability      [4] for quartets is significantly less than that for triplets (Table 5).  

We tried to find correlation between probabilities     and multivariate selectivity in terms of the net analyte 

signal [7]. Unfortunately, no correlation has been found.  

Like we mentioned in the previous article [4], obtained results show that a small fitting error does not guarantee 

that a fitting algorithm does converge to the correct line parameters. E.g., for constrained regression, using 

Newton-Gauss algorithm in the normal mode for    =0.5, the minimal   probability that the absolute value of 

the relative errors in determining parameters is less than 5%,    
   =61.1%. For    =0.2    

     87.2%. If 

         then    
    65.6% and 30.7 for    =0.2 and 0.5, respectively. Moreover, in the case of small fitting 

errors, the relative number of the good model fits decreases significantly (Table 6).  

  low 
noise 

0.063 0.043 0.044 0.028 0.067± 
0.015 

0.058 0.050 0.045 

2.0 0 -6.9 -0.26 3.5 -0.61 1.7 1.9 -7.1 

CR 
0 0.11± 

0.073 
-0.53± 
0.051 0 -0.76± 

0.066 
-0.19± 
0.042 0 -0.33± 

0.11 
-0.43± 
0.11 

0.52 0.89 -0.94 -0.30 -1.7 0.38 0.84 0.26 0 
Gauss-Newton algorithm. Derivative mode 

0.5 

UR 
-1.03± 
0.23 

-1.94± 
0.27 

0.72± 
0.24 0 -4.16± 

0.29 
3.53± 
0.25 

-0.97± 
0.23 

-1.67± 
0.26 

0.52± 
0.23 

0.93 -1.7 1.0 -0.22 -1.3 1.31 -0.92 -1.7 0.82 

CR 
0 

±0.12 
-1.88± 
0.20 

0.71± 
0.18 0 -4.77± 

0.32 
2.31± 
0.16 

-1.14± 
0.19 

-1.33± 
0.30 

1.30± 
0.33 

0.69 -2.0 1.9 -0.73 -1.2 1.3 -0.51 -0.77 0.85 
Genetic algorithm. Normal mode 

0.2 CR 
-2.67± 
0.025 

3.98± 
0.037 

1.58± 
0.023 

0.025± 
0.0002 

-3.34± 
0.030 

-3.35± 
0.030 

-1.01± 
0.016 

-0.42± 
0.013 

0.17± 
0.011 

-1.5 1.4 1.5 1.5 -1.3 -1.3 -1.8 -0.82 0.56 

0.5 CR 
-8.63± 
0.086 

9.6± 
0.10 

5.46± 
0.076 0 -8.25± 

0.081 
-4.77± 
0.054 

-4.37± 
0.055 

-1.43± 
0.041 

1.43± 
0.034 

-1.4 1.4 1.6 1.3 -1.3 -1.5 -1.7 -0.96 1.3 
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In conclusion, probability      increases when the initial guesses are close to the exact values of the parameters 

and noise decreases. In analytical practice the probability      can be increased by averaging of parameters 

obtained from multiple repetitions of the same experiment.  
Table 3. Relative error probability (   ) for Gauss-Newton algorithm 

    Regression    Mode 
Parameters  

                              mean 

0.2 

UR 

20 

normal 

95.4    94.5    96.3    95.4    94.4    96.2    98.5    98.8    100.0 96.6 

91.6    90.5    93.3    91.6    90.4    93.3    94.0    94.8    99.4 93.0 

10 
92.1    90.7   92.8    92.0 90.6   92.9     95.1    95.9    99.1 93.5 

87.1    85.2    88.8    87.1    85.2    88.9    88.3    89.6    96.4     88.5 

5 
87.3     85.7    89.3   87.3    85.5   89.3    88.1    91.5    97.2    89.0 

81.4    78.9    84.4    81.4    78.8    84.4   79.8    83.5    91.4     82.7 

1 
  72.0    67.8    74.2    71.9    67.7    74.1    62.6    73.5    80.3     71.6 

65.5   61.1    68.8   65.5 61.0 68.7    55.3    65.1      71.0 64.7 

CR 

20 
97.9    97.4    99.8    97.0    95.8    96.4    98.7    98.9    100.0    98.0 

96.5 95.6 99.4 95.4 93.0 90.8 96.1 96.1 99.8 95.9 

10 
95.5 94.9 98.9 94.0 92.5 93.7 95.8 95.9 99.8 95.7 

93.3 92.1 97.7 91.6 87.9 86.1 91.6 91.5 98.5 92.3 

5 
91.7      90.7    96.2   89.6    87.2    88.8    89.6    91.9    98.5     91.6 

88.7 87.1 94.1 86.4 80.7 79.6 84.4 86.6 92.2 87.0 

1 
77.1    72.3     79.9   73.3 67.1     70.9   65.6    75.4   85.2     74.1 

73.6 68.0 76.9 69.2 59.5 61.3 61.5 70.3 80.2 68.9 

0.5 

UR 

20 

normal 
71.8 74.2 77.1 71.6 73.5 76.9 92.4 98.0 99.7 81.7 

56.7 59.6 64.5 56.8 59.7 64.6 67.0 86.3 91.8 67.5 

derivative 
74.3 64.8 65.3 73.9 64.9 65.0 92.4 97.1 100.0 77.5 

56.9 52.8 56.2 57.1 53.0 55.9 64.9 81.4 90.4 63.2 

10 

normal 
61.1 66.0 68.5 60.6 65.3 68.0 75.6 91.5 92.5 72.1 

44.2 49.6 54.5 44.3 49.5 54.7 46.5 69.5 71.3 53.8 

derivative 
64.7 56.1 54.9 64.4 56.5 54.9 76.2 87.6 90.5 67.3 

43.8 42.8 45.0 44.6 42.8 44.9 44.5 58.6 68.5 48.4 

5 

normal 
49.7 56.2 59.7 48.8 55.6 59.5 53.1 78.6 75.6 59.6 

31.6 38.9 44.5 31.6 38.8 44.6 28.5 50.5 49.3 39.8 

derivative 
51.8 48.6 49.1 52.1 49.1 49.8 46.2 60.9 64.1 52.4 

30.6 33.4 36.5 31.6 33.4 36.6 23.9 34.9 43.9 33.9 

1 

normal 
29.9 35.4 40.0 29.2 34.3 40.0 29.1 42.1 39.0 35.4 

16.5 19.9 23.8 16.3 19.5 23.9 13.1 21.4 19.9 19.4 

derivatives 
27.9 32.3 35.5 29.5 33.2 36.5 16.9 9.1 8.6 25.5 

14.1 17.8 19.8 14.3 18.3 19.9 8.1 5.6 7.3 13.9 

CR 

20 

normal 
95.9 96.6 97.2 94.8 90.5 92.2 96.4 98.4 99.9 95.8 

91.3 90.4 88.1 89.4 70.7 64.8 83.5 92.8 98.5 85.6 

derivative 
97.4 96.1 91.5 89.1 75.5 68.5 96.0 97.8 99.9 90.2 

90.5 88.0 83.4 78.2 52.7 49.0 81.8 91.6 97.9 79.3 

10 

normal 
90.3 91.2 95.4 87.7 80.3 80.0 89.1 94.8 99.0 89.8 

83.0 81.6 83.6 77.8 53.7 48.2 71.0 83.1 92.7 75.0 

derivative 
93.6 87.5 81.2 80.4 56.8 47.5 86.0 89.2 98.3 80.1 

81.6 75.3 72.3 63.9 35.8 31.0 65.8 76.7 89.8 65.8 

5 

normal 
80.7 82.5 90.5 77.3 63.5 61.1 77.9 87.8 92.7 79.3 

69.4 70.1 75.0 61.7 35.2 31.2 57.8 70.7 80.5 61.3 

derivative 
83.9 78.7 75.8 65.5 40.3 34.6 62.7 65.3 92.3 66.6 

66.7 62.3 62.7 45.5 21.9 18.8 45.3 51.2 75.6 50.0 

1 

normal 
55.4 56.4 66.2 44.3 30.7 32.5 52.6 61.5 72.8 52.5 

43.9 42.6 49.3 29.1 13.4 13.4 36.0 44.1 53.6 36.1 

derivative 
52.7 54.3 50.6 30.8 19.3 17.9 27.4 3.4 9.7 29.6 

37.4 36.9 36.8 16.2 7.0 6.8 19.2 4.5 10.2 19.4 

         and 10 for upper and lower rows, respectively. Values                 are given in bold italic. 
 

Table 4. Relative error probability (   ) for genetic algorithm 
    

 

   

Parameters  

                              mean 

0.2 

20 

100.0 100.0 100.0 100.0 90.8 100.0 100.0 100.0 100.0 99.0 

100.0 100.0 100.0 100.0 84.3 100.0 100.0 100.0 100.0 98.3 

100.0 100.0 100.0 100.0 83.9 100.0 100.0 100.0 100.0 98.2 

10 

94.8 80.6 90.3 74.9 95.2 96.9 97.1 99.1 99.3 92.0 

95.7 84.4 92.1 64.5 94.7 95.7 97.5 99.1 99.4 91.4 

95.8 84.5 92.2 64.0 94.6 95.6 97.5 99.1 99.4 91.4 

5 75.9 53.8 65.7 37.7 76.6 81.1 82.9 86.5 90.4 72.3 



J. Dubrovkin, International Journal of Emerging Technologies in Computational and Applied Sciences, 12(1), March-May 2015, pp. 01-07 

IJETCAS 15-305; © 2015, IJETCAS All Rights Reserved                                                                                                                Page 7 

79.4 60.5 70.2 31.1 72.8 74.9 84.6 86.8 90.8 72.3 

79.5 60.9 70.4 30.8 72.7 74.7 84.6 86.9 90.8 72.4 

1 

31.5 18.6 22.7 4.0 25.2 22.0 49.0 37.5 45.3 28.4 

36.4 21.4 24.5 3.4 23.2 19.4 50.5 39.3 45.6 29.3 

36.6 21.6 24.5 3.4 23.2 19.3 50.6 39.4 45.6 29.3 

0.5 

20 

82.9 57.4 72.9 86.6 98.0 99.9 89.3 97.2 86.6 86.9 

85.7 71.2 78.6 75.1 91.8 98.0 92.0 96.1 97.7 87.3 

87.2 74.9 80.8 67.3 89.7 96.3 92.4 95.8 97.5 86.9 

10 

56.2 36.6 51.3 62.8 82.4 95.6 72.4 75.3 84.4 68.5 

61.8 49.2 58.3 48.6 71.7 83.6 76.1 75.6 84.3 67.7 

65.0 53.3 60.5 42.6 67.5 78.3 76.7 75.8 84.3 67.1 

5 

38.1 24.9 31.7 23.3 56.1 73.4 60.2 48.5 63.3 46.6 

42.6 33.8 38.8 17.5 46.4 55.8 61.6 51.8 64.1 45.8 

45.9 36.6 40.8 15.4 43.0 50.7 61.9 52.9 64.2 45.7 

1 

13.2 8.4 10.9 3.1 13.5 17.4 32.5 14.5 21.8 15.0 

15.2 10.6 13.5 2.5 11.0 12.3 32.7 16.4 23.2 15.3 

16.6 11.2 13.8 2.3 10.2 11.1 32.7 16.9 23.0 15.3 

           and 3 from upper to lower rows, respectively. Values                 are given in bold italic 
 

Table 5. Comparison of the mean relative error probabilities for triplets and quartets decomposed by Gauss-Newton algorithm 
   20 10 5 1 

Triplets 
95.8 89.8 79.3 52.5 

85.6 75.0 61.3 36.1 

Quartets 
94.7 85.6 68.7 32.9 

81.7 65.0 45.8 18.3 

         and 10 for upper and lower rows, respectively.          
 

Table 6. Relative number of the good model fits (           %) 

       Regression 
    

0.2 0.5 

3 
UR 70.8 6.2 

CR 66.3 5.4 

10 
UR 85.8 24.8 

CR 79.0 8.8 
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Abstract: In this paper, an effort has been made to observe critically the Impact of MGSTC BLAST spatial 

multiplexing scheme on  color image transmission in a MCCDMA wireless communication system. The 

simulated system .incorporatesvarious signal detection  techniques such as MMSE ,ZF, OSIC and MMSE-SIC  

under  4 × 4 antenna configuration. In perspective of  data protection, ½ -rated irregular LDPC and Repeat 

and Accumulate  forward error correction(channel encoding) schemes have been  used.. It is noticeable  from 

MATLAB based simulative study  that the system shows quite satisfactory performance in retrieving transmitted 

color image  under scenario of  hostile fading channel environment  with implementation of MMSE-SIC  signal 

detection, 16QAM digital modulationand Repeat and Accumulate channel coding scheme. 

Keywords: MCCDMA, MMSE, ZF, OSICMMSE-SIC, LDPC, Repeat and Accumulate, Signal to noise 

ratio(SNR) 

______________________________________________________________________________________ 

 

I.  Introduction 

The multi carrier CDMA(MC-CDMA) is a hybrid transmission technique employing an amalgam of Code 

Division Multiple Access (CDMA) and Orthogonal Frequency Division Multiplexing (OFDM) and is expected 

to combine the benefits of pure CDMA and OFDM techniques. The MC-CDMA is an attractive choice for high 

speed wireless communication as it mitigates the problem of intersymbol interference (ISI) with exploitation of 

frequency diversity. It supports multiple users with high speed data communications, The CDMA technique is 

widely used in current Third Generation (3G) wireless communication systems( W-CDMA-Wideband Code 

Division Multiple Access, UMTS-Universal Mobile Telecommunications etc) presenting a wide range higher 

data rate supported services such as voice/video/data (IP Television, video on demand, video conferencing, tele-

medicine)[1,2].The OFDM techniques are employed in the American NationalStandards Institute’s (ANSI’s) 

Asymmetric Digital Subscriber Line (ADSL), High-bit-rate DigitalSubscriber Line (HDSL), and Very-high-

speed Digital Subscriber Line (VDSL) standards aswell as in the European Telecommunication Standard 

Institute’s (ETSI’s) VDSL applications.In wireless scenarios, OFDM has been advocated by many European 

standards, such as DigitalAudio Broadcasting (DAB) , Digital Video Broadcasting for Terrestrial television 

(DVB-T),Digital Video Broadcasting for Handheld terminals (DVB-H)  Wireless Local Area 

Networks(WLANs) and Broadband Radio Access Networks (BRANs). The MC-CDMAtransmission technique 

has become increasingly popular in wireless communications due to its high spectral efficiency, robustness to 

frequency selective fading and flexibility to support integrated applications.[3,4]. In our present study, a 

MGSTC BLAST spatial multiplexing scheme has been used in  MC-CDMA   system   with a view to observing 

its system performance on color image transmission. 

 

II. Signal Processing and Detection Scheme 

In our present study various signal processing and l detection schemes have been used. A brief overview of  

these schemes is given below: 

A.  Repeat and Accumulate (RA) 

In RA, a powerful modern error-correcting coding scheme, the extracted binary  bits from the color image is  

rearranged into blocks with each block containing 2048 binary bits. The binary bits in each block  is repeated 2  

times and permuted by an interleaver of length 4096. The interleaved binary data block z is passed through a 

truncated rate-1 two-state convolutional encoder  whose output x  is the Repeat and Accumulate encoded binary 

data  and is given by x = zG, where G is an 4096 × 4096  matrix with 1s on and above its main diagonal and 0s 

elsewhere[5].  The RA encoded blocked binary data are further processed to  produce a 442368× 1 single 

column vector data. 

B.  Low density parity-check matrix (LDPC) 

In LDPC coding, ½.-rated irregular LDPC code is used with a code length  of 1024   bits.  Its  parity-check 

matrix [H]  is a  sparse matrix  with a   dimension  of 512  1024 and contains  only  three  1’s in  each column 
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and  six  1’s in  each  row. The parity-check matrix [H] is formed from a concatenation of two matrices [A] and 

[P]([H]=[A]|[P]), each has a dimension of  512  512). The columns of the parity-check matrix [H] is rearranged  

to produce a  new  parity-check matrix [newH]. With rearranged matrix elements, the matrix [A] becomes non-

singular and it is further processed to undergo  LU decomposition. The  parity bits sequence  [p]  is considered 

to   have been produced  from  a block    based input binary data  sequence [u]=[u1u2u3u4…….u512]
T 

and three 

matrices [P](of [newH]),[L] and [U]using the following Matlab notation : 

p = mod(U\(L\z), 2);where, z = mod(P*u , 2);        

The LDPC encoded  1024 1 sized  block based binary data  sequence [c]   is formulated  from concatenation of 

parity check bit  p and information bit u as : 

[c]=[p;u]       

The first  512  bits of the codeword   matrix [c]  are the parity bits  and  the last 512  bits  are  the information 

bits. In iterative Log Domain Sum-Product LDPC decoding Algorithm, the transmitted bits are retrieved[6,7]. 

 

C. Multi-group space-time coding (MGSTC) 

Spatial multiplexing is generally referred to transmitting multiple independent data streams over multipath 

channels. The multi-group space-time coding (MGSTC) scheme achieves both  spatial multiplexing  and spatial 

diversity  simultaneously.  In such scheme, the digitally modulated symbols   are rearranged into four groups  

with each group consisting of  sixteen   symbols at a time. The total number of information bits  processed in 

each group  under  each of the four space time encoder are  sixty four as the 16th  order digital modulations(16-

QAM and 16-PSK )  have been used. [8] 

 

D.  Minimum mean square error (MMSE) 

We assume that the  color image  is preprocessed  through various  schemes prior to Multi-group space-time  

encoding and  transmitted through a  MIMO fading channel. The received signal Yin terms of channel matrix H,  

transmitted signalXand  additive white Gaussian noise(AWGN) N with a variance of n
2
   can be written as 

Y=HX +N                                                                                    (1) 

In Minimum mean square error (MMSE) based signal detection scheme, the  MMSE  weight matrix is given by 

H
H

1
)I

2
nH

H
H(MMSEW




 (2) 

Where (.)
H
 denotes the Hermitian transpose operation and  The detected desired signal MMSEX

~
from the 

transmitting antenna is given by  

YMMSEWMMSEX
~


  (3) 

 

E.  Zero-Forcing (ZF) 

In Zero-Forcing (ZF) signal detection scheme, the ZF weight matrix is given by 

)4(H)HH(W H1H

ZF



 

and the detected desired signal  ZFX
~

 from the transmitting antenna is given by[9] 

)5(YZFWZFX
~


 

 

F.  Minimum mean square error successive interference cancellation (MMSE-SIC) 

In Minimum mean square error successive interference cancellation (MMSE-SIC)  scheme, 

The  extended   channel  matrix H  and  the extended  received signal Y    in terms of  identity  and  null 

matrices   are  given by  

 

H =



















 I)(

H

n
2

         

(6)
 









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0

Y
Y

           

(7) 
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On  QR decomposition of  H , an  orthogonal matrix Q   and  anupper triangular matrix  R  are produced. 

Equation (7)  is multiplied with  
TQ   to provide a  modified form of received signal Y with neglected noise 

component[10] 

Y = 
TQ Y = XRXHQT 

         
(8) 

Considering a single  time slot, the  transmitted four signals  
3

X,
2

X,
1

X and 
4

X in terms of  four received 

signals 1Y , 2Y , 3Y  and 4Y ( First through Fourth rows of Y and neglecting other 

row data)  and the   components of matrix R  in first through fourth row)  can be  obtained from a matrix  

equation  as: 
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(9) 

G. Ordered successive interference cancellation (OSIC) 

 

In Ordered successive interference cancellation (OSIC) signal detection scheme, its implementation is 

performed in four steps. In first step, the  first detected  signal/data stream  1

~
OSICX  and modified form of 

received signal 1

~
OSICY can be written as: 

 

YWX MMSEOSIC :),1((1

~
  

                                                              (10)                                                     

1)1(:,1

~~
  OSICOSIC XHYY

 
 

In  second step,  the  second detected  signal/data stream  2

~
OSICX  and modified form of received signal 

2

~
OSICY can be written as: 

 

1:),2((2

~~
  OSICMMSEOSIC YWX

      
(11)        

 

2)2(:,12

~~~
  OSICOSICOSIC XHYY  

In third step,  the  third detected signal/data stream  3

~
OSICX  and modified form of received signal 3

~
OSICY can 

be written as: 

 

2:),3((3

~~
  OSICMMSEOSIC YWX                                                               (12) 

3)3(:,23

~~~
  OSICOSICOSIC XHYY  
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In fourth step,  the  fourth detected signal/data stream  4

~
OSICX  and modified form of received signal 

4

~
OSICY can be written as: 

3:),4((4

~~
  OSICMMSEOSIC YWX                                                                 (13)                                                                                                          

4)4(:,34

~~~
  OSICOSICOSIC XHYY  

where, W(MMSE(1,:) ,W(MMSE(2,:), W(MMSE(3,:)and W(MMSE(4,:)are the first, second, third and fourth rows of MMSE 

weight matrix and  H(:,1), H(:,2),H(:,3), and H(:,4),:)are the first, second, third and fourth columns of the channel 

matrix respectively. The detected desired signal  OSICX
~

 C
44562325

  from the transmitting antenna is given 

by[11,9] 

 
III. System Description 

A RGB color  image  with 96 pixels (width) ×96 pixels(height) is processed in a MCCMA  system  depicted in 

Figure 1.The  color image  is  converted into  their respective  three Red, Green and Blue components with each 

component  is  of 96 pixels  ×96  pixels in size  The pixel integer values[0-255] are converted  into 8 bits binary 

form and  channel coded and interleaved and digitally modulated using 16QAM, 16PSK and 16-DPSK . The 

modulated complex symbols are copied and multiplied with  Walsh–Hadamard (WH) orthogonal codes. The 

orthogonally encoded signals are processed in MGSTC BLAST aided Spatial multiplexing(SM) Encoding 

section to produce four independent data streams. Each of four data streams are serial to parallel converted, 

OFDM modulated, cyclically  prefixed and   subsequently   parallel  to  serially  converted and transmitted. In 

receiving section, the  transmitted signals are detected and processed for serial to parallel conversion, cyclic 

prefix removal, OFDM demodulation, parallel  to  serial  conversion and decoded in Spatial multiplexing(SM) 

Decoding section to produce  data in single channel. The  retrieved data are multiplied with  Walsh–Hadamard 

(WH) orthogonal codes and decopied, digitally demodulated, deinterleaved, channel decoded, binary to pixel 

integer converted  and  eventually   reconstructed  for  transmitted color image retrieval.[12,13] 

 
Figure 1: Block diagram of  simulated  MGSTC BLAST spatial multiplexing scheme   aided MCCMA   

wireless communication system 

    (14) 



Mahmudul H. Kafi et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 12(1), March-May 2015, 

pp. 08-14 

IJETCAS 15-307; © 2015, IJETCAS All Rights Reserved                                                                                                                Page 12 

IV.  Results and Discussion 

In this section, we have presented a series of simulation results to illustrate the significant impact of system 

performance in terms of BER in a multi-group space time encodedBLAST SM MCCDMAsystem with 

simulation parameters tabulated in Table 1. 

Table 1: Summary of the Simulated Model Parameters 
Data type                                                                                Color image (96x96x3 pixels) 

Antenna configuration 4-by-4 

Spatial multiplexing Multi-group space time(MGST) 

Channel Coding Repeat and Accumulate Code  and LDPC 

Orthogonal spreading  code Walsh-Hadamard 

Processing gain of Walsh-Hadamard  code 8 

Antenna configuration 4 × 4 

Data Modulation 16-PSK and 16-QAM 

IFFT/FFT size 1024 

Signal detection Scheme MMSE-SIC,OSIC, MMSE and  ZF 

Channel AWGN and Rayleigh fading 

Signal to noise ratio, SNR 0 to 5 dB 

On critical observation of graphical illustrations presented in Figure 2   through Figure 5, it is quite evident that 

the MGSTC BLAST SM aided MCCDMA system shows comparatively satisfactory performance with 16QAM 

digital modulation and  Repeat and Accumulate channel coding   over a lower  part of SNR values where the 

fading channel may be treated as hostile.  In Figure 2 of MMSE implemented system ,  the estimated BER 

values  for  16PSK digital  modulation and LDPC  channel coding  as compared to  16QAM digital  modulation 

and  Repeat and Accumulate channel coding  are   0.1849    and   0.0275 for a typically assumed SNR  value of  

0.5 dB  which  indicates   a  system performance improvement  of    8.28dB. In case of identical signal and noise 

power at 0dB, the estimated BER value under utilization of  MMSE,16QAM and Repeat and accumulate 

channel coding   is merely 3.46% . In Figure 3 for OSIC implemented system, the performance is very much 

well  defined and discriminated. The system shows satisfactory performance in 16QAM and  Repeat and 

accumulate channel coding    over a low SNR value region. and worst performance  in 16PSK and LDPC  

channel coding.  Under such cases, the estimated BER values at   0.5 dB SNR values are found to be of 0.0214   

and   0.1853  which  makes a confirmation of  9.37 dB system performance improvement. At 5% BER, a SNR 

improvement of 2.7 dB is found in  16QAM and LDPC  as compared to 16PSK and LDPC.  In Figure 4 for 

MMSE-SIC implemented system, it shows satisfactory performance in 16QAM and Repeat and accumulates 

channel coding and worst performance in 16PSK and LDPC channel coding.  In such cases, the estimated BER 

values are 0.0206   and   0.1874 for a typically assumed SNR value of 0.5dB which indicates a system 

performance improvement of 9.59dB. 

Figure 5 for ZF   implemented system, it  shows satisfactory performance in  16QAM  and  Repeat and 

accumulate channel coding  and worst performance  in 16PSK and LDPC  channel coding., the estimated BER 

values are 0.0211  and   0.1839 for a typically assumed SNR  value of  0.5dB  which  indicates   a  system 

performance improvement  of    9.40dB.  The system performance is found to be almost identical for a wide 

range of SNR values in case of 16QAM with LDPC and of 16QAM  with  Repeat and accumulate channel 

coding.   On critical observation on all  simulated results, it has been ratified that  the simulated system shows 

satisfactory performance in MMSE-SIC signal detection and 16QAM digital modulation.  In Figure 6,  the 

transmitted and retrieved color images have been presented   with  MMSE-SIC signal detection, 16QAM digital 

modulation  and Repeat and Accumulate channel coding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: BER performance comparison of MGSTC BLAST spatial multiplexing scheme 

aidedMCCDMA wireless communication system under various digital modulations and MMSE signal 

detection scheme 
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Figure 3: BER performance comparison of MGSTC BLAST spatial multiplexing scheme 

aidedMCCDMA wireless communication system under various digital modulations and OSIC signal 

detection scheme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: BER performance comparison of MGSTC BLAST spatial multiplexing scheme 

aidedMCCDMA wireless communication system under various digital modulations and MMSE-SIC 

signal detection scheme  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: BER performance comparison of MGSTCBLAST spatial multiplexing scheme aided 
MCCDMA wireless communication system under various digital modulations and ZF signal detection 

scheme  
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Figure 6: Performance indicator of MGSTC BLAST spatial multiplexing scheme aided MCCDMA 

wireless communication system under implementation of MMSE-SIC signal detection, 16-QAM digital 

modulation for a typical image at SNR value of 3dB 

 

V. Conclusions 

In this paper, the performance of MGSTC BLAST spatial multiplexing scheme aided  MCCDMA wireless 

communication system has been investigated on color image transmission using various signal detection  and 

FEC channel encoded schemes .The results show that the implementation of  MMSE-SIC signal detection  

scheme with Repeat and Accumulate channel coding  and 16QAM  digital modulation  ratifies  the  robustness 

of system performance  in retrieving  color image   transmitted over  Gaussian noise contaminated  and Rayleigh 

fading channels. As MC CDMA  radio interface technology exploits the advantages of both OFDM and CDMA, 

a great emphasis may be given  on utilization of such  technology in future generation wireless communication 

system. 
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Abstract: The studies relate to process raster laser marking of samples of tool steel H18-0-1 with fiber laser. 

The dependences of the contrast of marking from defocusing and pulse duration were obtained. Working 

intervals for the investigated magnitudes in visual perception of the marking are determined. 

 

Keywords: laser marking, tool steel, fiber laser, defocusing, pulse duration, working intervals. 

 

I. Introduction 

Laser marking of products from metals and alloys is a complex technological process. The realization depends 

on a number of factors [1] – [4], relating to: 

 the thermo-physical and optical properties of materials – reflection coefficient, absorptance, 

absorption coefficient, penetration depth, thermal conductivity, thermal diffusivity, specific heat 

capacity, thermal diffusion length; 

 the parameters of the laser – power, power density, pulse power, pulse energy, frequency, pulse 

duration, beam quality;  

 the parameters of the process – speed, step, defocusing, number of repetition. 

Defocusing and pulse duration are the basic parameters, influencing of studies process. To assist the operator of 

laser technological systems is need to define working intervals for them. 

 

II. Presentation 

The purpose of the work is the study of the influence of defocusing and pulse duration onto the process of laser 

marking by melting for samples of tool steel H18-0-1 with fiber laser and receiving the working intervals of the 

defocusing and the pulse duration. 

When working with defocusing, the quality of resulting marking depends on the length of Raleigh zR. It is a 

characteristic of each type of laser. It is defined by the expression 



 2
0rzR   ,                                                                                                                 (1)       

where λ is the wavelength of the laser, r0 is the minimum radius of the working spot. 

When the condition Δf <zR is satisfied, the diameter of the opening spot almost does not change, and therefore 

power density of laser radiation reduces very little in comparison with that focus. 

When is satisfied the condition Δf < zR, the diameter of the working spot almost does not change, and therefore 

power density of laser radiation reduces very little in comparison with that  at focus. 

In defocusing Δf power density of laser radiation reduces very quickly compared to operating mode at focus. 

The diameter d of the working spot for defocusing Δf (Fig. 1) greater than the distance of the Rayleigh zR is 

given by the formula 

'

)'(

zf

fzD
d






,                                                                                                    (2) 

where D is the diameter of the laser beam, falling on the lens, f – focal length of the lens, and the parameter zי is 

defined from similarity of triangles (Fig. 1)  by the expression 

f

f

dD

fd
z


'

,                                                                                                          (3) 

where df is the diameter of the working spot at focus. 
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Figure 1 
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When Δf > zR from formula (2) follows, that with increasing defocusing Δf increases the diameter d of working 

spot also, as the dependency is linear. The power density qS of laser radiation is inversely proportional to the 

diameter d of the working spot of the second degree. It follows, that the power density qS rapidly decreases with 

increasing defocusing Δf. This leads to the exit from the technological mode of marking and inability to obtain  

marking with requisite contrast. 

As is known, the basic modes of the lasers are continuous and pulsed mode. Preferably is, the lasers for marking 

to work in pulse mode. In this mode are essential pulse power Pp, pulse energy Ep, pulse duration τ and 

frequency ν. They are connected to the average power P of the laser with the expressions 

P = Pp τ ν.                                                                                                               (4) 

P = Epν.                                                                                                                   (5) 

Steel H18-0-1 is used widely  in industry. Its basic thermo-physical characteristics are presented in Table I [5], 

[6]. 

 

Table I. Certain thermo-physical characteristics on steel H18-0-1 
Parameter Value 

Thermal conductivity k, W/(m.K) 26 

Specific heat capacity c, J/(kg.K) 420 

Density ρ, kg/m3 8770 

Thermal diffusivity a, m2/s 7,06.10-6 

 

The experiments were made with the laser technology system with fiber laser. It is a modern laser, operating in 

the near infrared region and is suitable for the investigated process. The basic parameters of laser technological 

sistem for marking with this laser are shown in Table II [7] – [10]. 

 

Table III. Basic parameters of laser technological system for marking and used laser 
Parameter Value 

Wavelength λ, nm 1064 

Power P, W 40 

Frequency  ν, kHz 1 ÷ 250 

Pulse duration τ, ns 8 ÷ 250 

Pulse energy Ep, mJ 0,16 ÷ 1,33 

Pulse power Pp, kW 5,32 ÷ 17,8 

Beam quality M2 1,05 

Positioning accuracy, µm 2,5 

Efficiency, % 40 

 

Tasks: 

1. Investigation of the dependence of the contrast k* of marking from the defocusing Δf 

Onto samples of investigated steel  are marked raster fields with sizes 5 mm x 5 mm. Used is a method of 

marking with immersed focus. Parameters, that are kept constant during the experiments are given in Table III. 

The defocusing vary in the interval Δf Є [0; 4,00] mm. 
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Table IIIII.  Parameters, that are kept constant 
Parameter Value 

Speed v1, mm/s 
Speed v2, mm/s 

40 
60 

Frequency ν, kHz 30,0 

Pulse duration τ, ns 100 

Step Δx, μm 50 

Number of repetition N 1 

 

On Fig. 2 are shown graphs of the experimental dependence k* = k*(Δf) for two speeds of marking: v1 = 40 

mm/s; v2 = 60 mm/s. From their analysis can draw the following conclusions: 

- In the interval 0 < Δf < 0,30 mm contrast of marking almost aren’t changed for both speeds. The result 

is consistent with the theory. It is worked in the area of Raleigh and the power density of laser radiation 

reduces very slightly; 

- - In the interval 0,30 mm < Δf < 4,00 mm the contrast of marking quickly reduced. The rate of decrease 

the contrast of the marking: 

18,1 %/mm from speed v1 = 40 mm/s; 

16,5 %/mm from speed v2 = 60 mm/s; 

- The working intervals of defocusing for marking with fiber laser for its visual perception are: 

Δf Є [0; 1,80] mm for speed v1 = 40 mm/s; 

Δf Є [0; 1,40] mm for speed v2 = 60 mm/s; 

 

Figure 2.   Graphs of the dependence k* = k*( Δf) for marking with fiber laser on samples of steel H18-0-1 

with speeds : 1 – v1 = 40 mm/s; 2 – v2 = 60 mm/s 
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2. Investigation of the dependence of the contrast k*of marking from the pulse duration τ 
Parameters, that are kept constant during the experiments are given in Table IV. 

Table IVV. Parameters, that are kept constant 

 
Parameter Value 

Speed v1, mm/s 

Speed v2, mm/s 

40 

60 

Power density  qS, W/m2 2,39.1010 

Diameter d, μm 40,0 

Step Δx, μm 50 

Defocusing Δf, mm 0 

Number of repetition N 1 

On Fig. 2 are shown graphs of the experimental dependence k* = k*(τ) for two speeds of marking: v1 = 40 

mm/s; v2 = 60 mm/s. From their analysis follows: 

- By increasing the pulse duration was observed slight decrease on contrast of marking for both speeds. 

The reason for this is, that slightly are increased loss of thermal conductivity and heat affected zone  

are increased only slightly; 
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- The rate of decrease the contrast of the marking in the interval τ Є [40; 70] ns is: 

0,20 %/ns for speed v1 = 40 mm/s; 

0,15 %/ns for speed v2 = 60 mm/s; 

- The rate of decrease the contrast of the marking in the interval τ Є [70; 250] ns is: 

0,040 %/ns for speed v1 = 40 mm/s; 

0,030 %/ns for speed v2 = 60 mm/s; 

- The working intervals of pulse duration for marking with fiber laser for its visual perception are: 

τ Є [40; 250] ns for speed v1 = 40 mm/s; 

τ Є [40; 125] ns for speed v2 = 60 mm/s. 

 

Figure 2.   Graphs of the dependence k* = k*(τ) for marking with fiber laser on samples of steel H18-0-1 

with speeds: 1 – v1 = 40 mm/s; 2 – v2 = 60 mm/s 
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III. Conclusion 

The received the results of experimental studies allow the formulation of the following statements: 

 Work in the mode of defocusing greater than the length of Raleigh hampers greatly  the realization on 

the process of laser marking of tool steels; 

 The influence of the pulse duration onto the contrast of the marking for studied speeds is less. 
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Abstract: The k-space data is obtained from signals generated by Magnetic Resonance Imaging (MRI) scanning 

machine, and these signals get captured at the radio frequency coils.  Accuracy of reconstruction of MRI images 

involves many factors like data acquisition, data sampling and reconstruction algorithms. This paper 

investigates the effect of the type of sampling on the accuracy of the reconstruction. In this context, various 

sampling techniques have been reviewed, and the frequency encoding and the phase encoding for the k-space 

data have been explained. The related works in image reconstruction like, Sensitivity Encoding approach, SURE 

approach and signal acquisition protocol have been reviewed. The mechanism of k-space acquisition has been 

discussed, and a new approach for the k-space sampling has been proposed to improve the sampling of the 

captured k-space, and hence to provide a better reconstructed image. The performance of the proposed 

approach is evaluated using mean absolute error, mean squared error and peak signal-to-noise ratio. The 

results demonstrate that the proposed sampling approach, referred as “hybrid sampling of k-space”, can 

reconstruct better quality images when compared to the existing conventional sampling approaches. 

 

Keywords: Frequency Encoding, Phase Encoding, FEG, PEG, CS, Radial Sampling, Hybrid Sampling 

I.  Introduction 

MRI is a riveting imaging technique that pictures human body or part of it. It is non-invasive technique and does 

not cause any ionization in the human body. MRI evolved from various rudimentary inventions made during 

1980’s and it  underwent enormous development since the last three decades. Indeed, the objects imaged by 

MRI have an impressive quality, even comparable to photographs taken by digital cameras. Now days, MRI is 

recognized as the prime modality for diagnosing many common diseases, including cancer and stroke. It is not 

only used for imaging high spatial resolution images, but also offering good contrast for soft tissues. It has 

advantages over other imaging techniques like SPECT (Single Photon Emission Computed Tomography), 

Doppler Ultrasound, PET (Positron Emission Tomography), and computed tomography (CT) which cause 

ionization in the human body. The examination procedure through MRI does not involve any risk to the patient's 

health. The basics of MRI imaging processes is briefly introduced in the following sub sections. 

A. Frequency Encoding and Phase Encoding: 

A main magnetic field B0 is applied in the parallel direction of an object which aligns the nuclear spins of the 

protons. All the spins have the same Larmor frequency [1] and they are independent of the spatial location of the 

scanned object. A secondary magnetic field is applied in the form of gradient in Y and Z direction. The nuclei of 

an atom experiences stronger magnetic field in the positive X direction, and thus undergo with high Larmor 

frequency. Similarly, nuclei which are in the opposite (negative) X direction experiences low intensity magnetic 

field and thus undergo with lower Larmor frequency. This is referred to as frequency encoding. The field gradient 

is applied in Y direction; it induces spatial position dependent phase-difference. This is called phase encoding. 

Now, each spatial location of an object has a distinctive Larmor frequency and phase shift. An image can be 

reconstructed from these signals. 

B.  k-space Data Acquisition:  

The k-space data acquisition in MRI takes place in following steps:  

(i)  An object is placed in the MRI scanning device and a strong magnetic field B0 is applied, which 

enables all protons of the object to undergo torque-induced precession at the Larmor frequency. 

(ii)  The RF pulse applied, which tilts [2] the total magnetization present in the protons in a single direction 

and enables the in-phase precession for all protons in RF pulse.  

(iii)  The PEG (Phase Encoding Gradient) is applied for making a phase difference with respect to the spatial 

position of an object.  

(iv)  In this step, the FEG (Frequency Encoding Gradient) is applied which helps RF coils to capture the 

proton signal intensity from the excited protons when they return to their ground state.  

The FEG shifts the Larmor frequency of the protons which is determined by the position of the object and then  
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Figure 1 Generation of Raw Data Matrix (k-space) [1] 

 

 

 

 

 

 

the signal represents spectrum of frequencies. The phase also differs from the spatial position of the protons. 

Generally, each excitation and the "fall back" of the proton energy to ground state is read-out from RF coils and 

collected in the raw data matrix in row major order as shown in Figure 1. Basically, the entries in the raw data 

matrix are the frequency components of the proton density image. 

C. Image Reconstruction Algorithm 

Image Reconstruction is the process of converting k-space data to an image that is visible and pictorially 

meaningful. An image reconstruction algorithm is required to generate the spatial domain images from the 

sampled k-space data obtained from MRI scan. There exist many algorithms [3] to reconstruct images from k-

space data like Zero Padding Method, Phase Correction using Conjugate Symmetry method, Homodyne 

Reconstruction Algorithm, and Projections onto Convex  set (POCS) method. Formally, the k-space obtained 

from the scanning machine can be represented in the form of continuous domain [5] that relates the density of 

protons m(r) to the signal received p(k). The m(r) is related to p(k) by the following equation:   




FOV

rki drerm .2)( = p(k) 
 

where ‘k’ represents the frequency domain point and the ‘r’ represents the spatial domain point 

II. Related Work 

An enormous amount of work has been done in the field of reconstruction of images from the signals acquired 

by scanning devices. There has been staggering improvement in the quality of reconstruction since 1970 [4]. A 

few of the notable works are reviewed in the following subsections: 

A.  Sensitivity Encoding  

One of the classical works in image reconstruction is that by Cheng and Dewey [6]. The authors described the 

concept of reconstruction of image from projections or raw data as an inverse problem, and implemented in 

cases where a large number of images to be reconstructed. Expectation maximization is employed for 

determining the class values that are not available.  MRF (Markov Random Field) model of dynamic objects is 

used to achieve local regularity and increased smoothness during reconstruction. Pruessmann et al. [7] proposed 

a new approach for collecting the k-space data referred to as SENSE (Sensitivity Encoding). In classical 

technique, Fourier Imaging collects the data on RF coil at a very slow rate, but with the help of SENSE, the 

capability of Fourier Imaging can be enhanced at the double rate. This also reduces the time for scanning. In the 

normal Fourier encoding, the k-space data is sampled and transferred to the RF coil. If the Fourier Imaging is 

used with SENSE, it reduces the sampling density and collects the k-space more efficiently. Authors observed 

that SENSE enhanced gradient encoding and reduced scan time as compared to Fourier imaging.  

B. Stein's Unbiased Risk Estimator (SURE) 

Alfred et al. [8] reviewed the theoretical results from sparse solutions of systems that are linear. Harmonic 

analysis of wavelets and applications of sparsity to signal in image processing are discussed. The sparsity based 

solution of linear equations in the application of image compression and image reconstruction is also discussed. 

The other concepts discussed in the paper are LU Decomposition, and Least Square method. Raich and Alfred  

[9] proposed sparse image reconstruction in radio astronomy. They proposed three sparse image reconstruction 

methods; the first uses Stein's unbiased risk estimator (SURE) for selecting the hyper-parameter for L1 

estimator, and the other two are based on sparse prior; they used empirical Bayes denoising. These three 

methods are simulated and found to produce better results than sparse Bayesian learning (SBL) [10]. Sparse 

prior is the magnetization intensity falling on the body. Using sparse prior with SURE method enhanced the 

quality of signals leading to better reconstructed images. 

C.  Signal Acquisition Protocol 

Candes et al. [11] presented how to reconstruct an image from numerical optimization from the full-length 

signal/image using the raw data (k-space) that is also called projections. They also described a very simple and 

1 
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efficient signal acquisition protocol that samples the signal which is independent of the rate of change in the 

projections. The final set obtained after the sampling allows improving the reconstruction power of sparse data, 

and permits better reconstruction of images. 

Inspite of the large amount of existing development works in MRI image reconstruction, there still has issues 

like complexity in k-space acquisition process and requirements of large scan time for generating good quality 

images. Thus, there are further scopes for improvements in the quality of reconstructed images by introducing 

improvements in k-space acquisition process and reducing the scan time by enhancing gradient encoding. This 

paper proposes a hybrid sampling technique to improve the k-space acquisition process. 

 

III. Proposed k-space Sampling Approach 

Generally, the sampling of k-space can be done in two ways: (i) Cartesian Sampling, and (ii) Radial Sampling. 
The order in which the RF signals are detected plays an important role in MRI image reconstruction. During the 
scanning of an object from the MR camera, the k-space data is collected at different times, which have different 
spatial intensities (state) of an object. As discuss in subsections given below, the central region of k-space is 
having more structural information about the scanned part and the farthest region of k-space (peripheral region) 
contains less information about the structural part of the object. In view of the above fact, to take care of this non-
uniformity of the k-space, we proposed a combined approach for sampling in which the central region is sampled 
by radial sampling and the peripheral region is sampled by cartesian sampling. The basics of conventional 
sampling approaches and the proposed combined approach are presented in the following subsections: 

A.  Cartesian Sampling 

In Cartesian sampling, the sampling is done by scanning each spatial location of k-space data in a rectilinear 

fashion row by row as shown in Figure 2. All the sampled points are equidistant from each other. Hence, the 

central regions are not much focussed for the reconstruction, which results in a poor quality reconstructed image. 

The samples obtain by Cartesian approach are all equidistant from each other which treat k-space uniformly. 

Hence, there should be more samples from the central region as compared to peripheral regions, but here it is 

not so. So, this sampling approach is not that acceptable for sampling k-space. 

 
 

Figure 2 Cartesian sampling of k- space data [12]                Figure 3 Radial sampling of k-space data [12] 
  
 
 
 
 
 

 
 
 
 
 
 
 

Figure 4 Co-ordinate of k-space in 2 Dimension [13]                               Figure 5 Diagrammatic representation of hybrid k-space 

sampling 
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B. Radial Sampling 

In radial sampling, the k-space data is processed from the low frequency region (origin) and continue in angular 

fashion as shown in Figure 3. The data near to the origin in k-space have the most information about the 

structure of an image like contrast, and the SNR, whereas the data at farther region helps in reconstructing 

smaller structures in an image [12]. With the help of radial k-space sampling, the low frequency regions (central 

regions) of an image get processed at every scan. Hence, using the radial sampling of k-space can generate good 

reconstructed images, but the peripheral regions are not getting processed much which sometimes result in 

lower quality reconstruction of small structures of an image.  

C. Hybrid Sampling   

It has been discussed that the reconstructed images from the radial sampling of k-space are lacking information 

of small structural regions of the scanned object. Also, the drawback of cartesian sampling is that it assumes, the 

information in the k-space, as uniformly distributed. We can eliminate the drawbacks of the above two 

approaches by combining both the radial and Cartesian sampling techniques. In this approach, the central region 

of k-space data (Figure 4) is sampled using radial approach and the peripheral region is sampled using cartesian 

approach. As it can be seen from the Figure 5, the central region of k-space will get processed frequently and the 

distance between the samples is also very less. Here, the peripheral regions are also getting processed better 

when compared with a radial sampling approach. 

IV. Algorithm for Hybrid approach 

It has been proved [13] that the most of the information in k-space lies up in region -k/4 <= x <= k/4 and -k/4 

<= y <= k/4 as indicated in Figure 4. There is an assumption that the centroid of k-space data is the origin of 2D 

coordinates.  Algorithm for hybrid sampling is presented as follows: 

 

Algorithm 1: Hybrid Sampling Algorithm:  

Given: S1: Cartesian sampled raw data, S2: Radial Sampled raw data, S: k-space data which is used to represent 

pictorial view of k-space, RI: Reconstructed image after applying hybrid sampling reconstruction algorithm 

Input:   S1, S2 

Output:   RI, S 

1. Fix the extreme points for radial sampling as -k/4 and +k/4 at X and Y axes as shown in Figure 4. The rest 

of kk space will be sampled  in rectangular Cartesian form. 

2. Start sampling from (-k, k) to (k, -k) in  row by row order: 

 For I = 0 to k-1 

   For J = 0 to k-1 

             if (-k/4 <= I <= k/4) and (-k/4 <= J <= k/4): Reconstruct using radial sampling (S2, I, J, S)        

        else: Reconstruct using cartesian sampling (S1, I, J, S) 

3. Image and k-space data can be displayed using RI and S. 

 

(i) Reconstruction using radial sampling: [14] 

Input:  S2, I, J, S 

Output: Updated RI and Updated S      Compute the image reconstructed 

1) Each sample point is having area 'dk’, which can be represented in continuous domain as: 





spacek

rki dkekprm .2)()(ˆ 

 




FOV

rki drerm .2)( = p(k) 
 

Here, ‘k’ represents the frequency domain point and the r = (I, J) represents the spatial domain point and, )(ˆ rm

is the proton density and p(k) is the signal received. In the discrete domain, the above can be written, with a 

weighing function to account for the non-uniform sampling, as: 
rki

JIJI ekpkWrm .2

,, )()()(ˆ   

       where W(kI, J) is the  weighting function 

 

Weighing function (refer [3]) is used for determining the non-uniform sampling and it is used to compensate the 

data points from radial lines into grids. Without the weighing, the radial sampled data cannot be processed 

further. The uniform distribution of spatial frequency in k-space data can be obtained by multiplying weighing 

function to the partial k-space in the equation above. 

2) Update RI(I, J) with )(ˆ rm , which is the contribution of  k-space p(kI,J)  to the image, RI(I,J). 

where 

 2  

3 

 

4 
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3) Update S with the grinding procedure [5] applied to p(kI, J)  

 

(ii) Reconstruction using cartesian sampling: [15] 

Input:  S2, I, J, S 

Output: Updated RI and Updated S 

1) All the sample points S1 are equidistant from each other. They all are in the form of Cartesian ordinate space; 

the proton density (image) can be given as follows: 
rki

JI ekprm .2

, )()(ˆ   

2) Update RI(I, J) with  )(ˆ rm which is the contribution of  k-space p(kI,J)  to the image, RI(i,j). 

3)   Update S with p(kI,J) 

V. Experiment 

The experiment is performed using Matlab, 7.10.0.499 (R2010a), 32-bit (glnxn86) running under Linux 

Operating System (ubuntu 32-bit, kernel 3.13.0.46-generic). The cartesian sampled raw data can be downloaded 

from https://github.com/zacinaction/KickSat-AsteroidDemo/blob/master/Matlab%20Code/RawData.mat and the  

radial sampled raw data from MRI machine can be downloaded from https://github.com/zacinaction/KickSat-

AsteroidDemo/blob/master/Matlab%20Code/rawdata.mat. The simulation of Cartesian sampling, radial 

sampling, and hybrid sampling (the proposed approach) are performed using the downloaded raw data (both 

cartesian and radial sampled data). The experimental results of reconstruction with various sampling approaches 

considered are given in Figure 6, Figure 7, and Figure 8, respectively, for cartesian sampling, radial sampling 

and hybrid sampling. The corresponding images for all the k-space data are also given. It can be observed from 

the pictorial representations of k-space that the central region varies in all the sampling approaches. 

 
Figure 6 Cartesian sampling image reconstruction 

(a) Gives the pictorial view of k-space obtained after cartesian sampling, (b) Red color portion represents the high intensity, black dots 
indicate the uniform distribution of samples and yellow area represents the intensity of sample points. It can be seen that the all the region 

near to center and  away from center has uniform distributed samples, (c) Represents the final reconstructed  image from  this k-space. 

 Figure 7 Radial sampling image reconstruction 

(a) Gives the pictorial view of k-space obtained after radial sampling, (b) Red color portion represents the high intensity, black dots indicate 
the uniform distribution of samples and yellow area represents the intensity of samples points. It can be seen that the center region is denser 

than peripheral regions, (c) Represents the final reconstructed image from this k-space. 

 

 
Figure 8 Hybrid sampling image reconstruction 

(c) 

 

(a) 

 

(b) 

 

(a) 

(c) 

 

(b) 

 

5 

 
where parameters are same as equation -4 
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(a) Gives the pictorial view of k-space obtained after hybrid sampling, (b) Red color portion represents the high intensity, black dots indicate 

the uniform distribution of samples and yellow area represents the intensity of sample points. It can be seen that the samples are denser at 

central region due to radial sampling and there is also better sampling at peripheral region due to cartesian sampling, (c) Represents the final 

reconstructed image from this k-space. 

 
From the pictorial view of the results, it can be observed that the image reconstructed from k-space obtained 

using hybrid sampling provides better quality images. The objective evaluation and comparative analysis of 

hybrid sampling with radial sampling, and cartesian sampling are presented in the next section. 

V.  Performance Evaluation and Comparative analysis 

There are various measures for evaluating the quality of reconstructed images. This paper uses the Root Mean 

Square (RMS), Mean Absolute Error (MAE), and Peak Sound to Noise ratio (PSNR) for evaluating the quality 

of the reconstructed image. The various performance measures obtained for Cartesian sampling, radial 

sampling, and hybrid sampling are presented in Table 1. The performance of different approaches is graphically 

represented as in Figures 9. It is observed that the proposed radial approach is superior in terms of MSE, MAE 

and PSNR.  

 

Mean Squared Error (MSE): MSE is an average of the square of the absolute error.  

n

yy

MSE
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ii




 1
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

 
 

Mean Absolute Error (MAE): MAE is an average of the absolute error. 

 

 

 

 

 

 

Peak Signal to Noise ratio (PSNR): Peak signal-to-noise ratio (in dB) is the ratio of maximum intensity (power) 

of pixel (signal) at a sample point to the intensity (power) of corrupting noised image.  

 

 

 

 
 

 

Table -1: Performance Evaluation 

 

Sampling MSE MAE 
PSNR 

(in dB) 

Cartesian 2.8446 110.0765 31.76 

Radial 0.6088 56.6850 37.58 

Hybrid 0.2129 35.7422 41.07 

(a) 

 

(c) 

 

(b) 

 

where 
iy  is the actual value, 

iy


is the experimental value or predicted 

value at the i
th

 observation. 

where 
ip  is the actual value, 

iq is the experimental value or predicted 

value at the i
th

 observation. 
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where MSE is the mean squared error, MAX is the maximum 

pixel intensity. 
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Figure 9 Comparative Analysis of hybrid sampling with radial and cartesian sampling in terms of MSE, MAE and PSNR

 

 

From the bar diagram of MSE, MAE and PSNR, it can be seen that the MSE and MAE of our proposed 

sampling approach provides low error values when compared to Cartesian and Radial sampling approaches. 

Also, the PSNR for the proposed sampling approach is higher than that for Cartesian and radial sampling 

techniques. 

VII. Conclusion 

 

This paper proposes a hybrid sampling technique for improving the quality of MRI reconstructed images. The 

raw data acquisition of k-space has been briefly discussed. The various features of k-space acquisition like phase 

encoding, phase shift, frequency encoding have been analyzed. The drawback of cartesian sampling is that it 

assumes uniformly distribution of k-space. The radial sampling of k-space gives better reconstructed images, but 

has few disadvantages like the small structures of objects are not properly reconstructed. The disadvantages of 

cartesian and radial sampling are eliminated by introducing the proposed hybrid sampling technique. The 

algorithm for hybrid sampling technique is implemented and the performances are compared with cartesian and 

radial sampling. The results demonstrate that the hybrid technique provides better performance figures in terms 

of PSNR, mean squared error and mean absolute error when compared to Cartesian and radial approaches.    
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Abstract: The goal of software quality assurance is to remove quality problems in the software. These problems 

are referred to by various names- “bugs”, “faults”, “errors” or “defects”. But there is a great difference 

between error and defect. An error is a quality problem found before the software is released to end-users. 

While a defect is a quality problem found only after the software has been released to end-users. The errors and 

defects have very different economic, business, psychological and human impact. So the goal of software quality 

assurance is to find errors before they become defects. A software product quality model is a useful tool for 

meeting the objectives of software quality, reliability and software testing initiatives of different projects. In this 

paper we have done the survey of literature on software quality models. The objective of this paper is to provide 

a vivid description of the popular software quality models and presenting a more philosophical management 

view on software quality. We have compared the famous and important quality models on the basis of various 

attributes of quality.  

 

Keywords: Software Quality, Quality Models, Mccall’s Model, Dromy’s Model, Boehm’s Model. 

I. Introduction 

Why software quality models are used? Generally models provide the stepwise product development tracks. If 

any software development organization, wants to develop specified quality products, than they needs to follow 

the organized manner, to produce the product in states phases, time, cost and environment. To achieve desired 

software quality, software quality models to identify high-risk program modules are used. A software quality 

model is a useful tool for meeting the objectives of software quality, reliability and software testing initiatives of 

different projects.  

From long history many researchers have recognized the need of Software Product Quality: Traditionally, the 

quality of product is defined in terms of its fitness of purpose. Although fitness of the purpose is satisfactory 

definition of quality for hardware products, but it is not satisfactory for software products. There are a number 

of quality models in software engineering literature, each one of these quality models consists of a number of 

quality characteristics (or factors, as called in some models). These quality characteristics could be used to 

reflect the quality of the software product from the view of that characteristic. Selecting which one of the quality 

models to use is a real challenge. In this paper, we have discussed and compared the following quality models: 

1. McCall’s Quality Model. 

2. Boehm’s Quality Model. 

3. Dromey's Quality Model. 

4. FURPS Quality Model. 

5. ISO 9126 Quality Model. 
McCall quality model attempts to bridge the gap between users and developers by focusing, on a number of 
software quality factors. The evaluation of software has been done by Boehm’s quality model uses a given set of 
attributes and metrics. More recently, model has been developed by Dromey’s which is focusing on the 
relationship between the quality attributes and the sub attributes, as well as attempting to connect software 
product properties with software quality attributes. In the next section of this paper we have described these 
software quality models for analysis/comparison point of view. 

II. An Overview of Software Quality Models 

The purpose of this section is to provide an overview to popular quality models and presenting a more 

philosophical management view on software quality, because quality management philosophy can be sometimes 

a good alternative to the more formalized quality model. Number of quality prediction models has been 

proposed in Literature. In this paper we have chosen McCall, Boehm’s, Dromey’s, FURPS and ISO quality 

model for comparison purpose. 

 

A.  McCall Quality Model 
This is the most popular Quality model in software engineering presented by Jim McCall in 1977 which is 

known as Mc Call Quality Model. This model is also known as General Electric’s Model of 1977. McCall 
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quality model reduces the gap between users and developers by focusing on a number of software quality factors 

that reflect both the users’ views and the developers’ priorities. The quality of software has been categorized in 

three different parts in this model namely Product Revision (maintainability, flexibility and testability, which 

contribute to product revision), Product Operation (correctness, reliability, efficiency, integrity and usability 

which contribute to product operation) and Product Transition (portability, reusability and interoperability 

which contribute to product transition) for defining and identifying the quality of a software product as shown in 

fig.1 

A.1 Product Revision:  It is the ability to undergo changes, including error correction and system adaptation. 

The quality of 

product revision 

includes: 

• Maintainability: 

the effort required 

to locate and fix a 

fault in the program 

within its operating 

environment. 

•Flexibility: the 

ease of making 

changes required by 

changes in the 

operating 

environment. 

•Testability: the 

ease of testing the 

program, to ensure 

that it is error-free 

and meets its 

specification. 

 

                                        

A.2 Product Operation: It is the product’s ability to be quickly understood, operated and capable of providing 

the required results. It is related to the characteristics of the product operation. The quality of the product 

operations depends on: 

 Correctness: the extent to which a program fulfils its specification. 

 Reliability: the system ability not to fail. 

 Efficiency: it further categorized into execution efficiency and storage efficiency and generally meaning 

the use of resources, e.g. processor time, storage. 

 Integrity: the protection of the program from unauthorized access. 

 Usability: the ease of the use of the software. 

A.3 Product Transition: it is about the adaptability of the product to new environments. The product transition 

quality of software includes: 

 Portability: the effort required to transfer a program from one environment to another. 

 Reusability: the ease of reusing software in a different context. 

 Interoperability: the effort required to couple the system to another system. 

 

B.  Boehm’s Quality Model  
In 1978 Barry W. Boehm presented a new quality model that presents the characteristics of software on a larger 

scale as compare to Mc Call’s model. The Boehm’s Quality Model attempts to qualitatively define software 

quality by a given set of attributes and metrics. In this model As-Is-Utility describes how easily, reliably and 

efficiently software product can be used, maintainability describes how easily modified and retest the software 

product, and portability describes how the software product can be used even when environment has been 

changed. The fig.2 shows the hierarchical structure of Boehm’s model: 

 

B.1 The high-level characteristics: It represents basic high-level requirements of actual use to which evaluation 

of software quality could be put – the general utility of software. The high- level characteristics address three 

main questions that a buyer of software has: 

 As-is utility:  How well (easily, reliably, efficiently) can I use it.  

 Maintainability: How easy is it to understand, modify and retest?  

 

Portability 

Reusability 

Interoperability 
 

Maintainability 

Flexibility 

Testability 

 

 

Correctness 

Reliability 

Efficiency 

Integrity usability 

 

Product 

Revision 

Product 

Operation 
Product 

Transition 

Fig.1: Mc Call Quality (Triangle) Model 
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 Portability: Can I still use it if I change 

my environment? 

 

B.2 The intermediate level characteristic: It 

represents Boehm’s 7 quality factors that 

together represent the qualities expected from a 

software system: 

•Portability (General utility characteristics): 

Code possesses the characteristic portability to 

the extent that it can be operated easily and well 

on computer configurations other than it’s 

current one. 

• Reliability (As-is utility characteristics): Code 

possesses the characteristic reliability to the extent that it can be expected to perform its intended functions 

satisfactorily. 

                            Fig.2: Boehm’s Quality Model 

• Efficiency (As-is utility characteristics): Code possesses the characteristic efficiency to the extent that it fulfills 

its purpose without waste of resources. 

•Usability (As-is utility characteristics, Human Engineering): Code possesses the characteristic usability to the 

extent that it is reliable, efficient and human-engineered. 

•Testability (Maintainability characteristics): Code possesses the characteristic testability to the extent that it 

facilitates the establishment of verification criteria and supports evaluation of its performance. 

• Understandability (Maintainability characteristics): Code possesses the characteristic understandability to the 

extent that its purpose is clear to the inspector. 

• Flexibility (Maintainability characteristics, Modifiability): Code possesses the characteristic modifiability to 

the extent that it facilitates the incorporation of changes, once the nature of the desired change has been 

determined. 

B.3 The primitive characteristics: The lowest level structure of the characteristics hierarchy in Boehm’s model 

is the primitive characteristics metrics hierarchy. The primitive characteristics provide the foundation for 

defining qualities metrics – which was one of the goals when Boehm constructed his quality model. 

Consequently, the model presents one or more metrics supposedly measuring a given primitive characteristic. 

 

C.  Dromey’s Quality Model 

In the year 1995 a quality model presented by R. Geoff Dromey is more recent model similar to the McCall’s, 

Boehm’s and the FURPS quality model. Dromey proposes a product based quality model that recognizes that 

quality evaluation differs for each product and that a more dynamic idea for modeling the process is needed to 

be wide enough to apply for different systems. Dromey’s proposes a working framework for evaluating 

Requirement determination, design and implementation phases. The framework consists of three models, i.e. 

Requirement quality model, 

Design quality model and 

Implementation quality 

model. The high-level 

product properties for the 

implementation quality 

model include:  

• Correctness evaluates if 

some basic principles are 

violated, with functionality 

and reliability as software 

quality attributes. 

• Internal measures how 

well a component has been 

deployed according to its 

intended use, with 

maintainability, efficiency and reliability as software quality attributes.  

• Contextual deals with the external influences on the use of a component, with software quality attributes in 

maintainability, reusability, portability and reliability. 

• Descriptive measures the descriptiveness of a component, with software quality attributes in maintainability, 

reusability, portability and usability. 

Fig. 3: Dromey’s Quality Model 
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Dromey is focusing on the relationship between the quality attributes and the sub-attributes, as well as 

attempting to connect software product properties with software quality attributes. The principal of Dromey’s 

Quality Model shown in fig.3, after review of Dromey model, we find that the reliability attribute is common, 

which can be, achieve through product properties: correctness, internal and contextual. Also maintainability 

attribute is common in internal, contextual, descriptive properties of the product. The quality attributes: 

reusability, portability affects the contextual, descriptive properties of the product. In this model seven attributes 

have been chosen to define software quality product. 

 

D.  FURPS Quality Model 

The FURPS model originally presented by Robert 

Grady[1992], then it has been extended by IBM 

Rational Software [Jacobson et al, 1999, Kruchten, 

2000] into FURPS+, where the ‘+’ indicates such 

requirements as design constraints, implementation 

requirements, interface requirements and physical 

requirements [Jacobson et al, 1999]. FURPS stands 

for:  

• Functionality- which may include feature sets, 

capabilities and security. 

• Usability - which may include human factors, 

aesthetics, consistency in the user interface, online 

and context sensitive help, wizards and agents, user 

documentation, and training materials? 

• Reliability - which may include frequency and 

severity of failure, recoverability, predictability, 

accuracy, and mean time between failure (MTBF) 

• Performance - imposes conditions on functional requirements such as speed, efficiency, availability, accuracy, 

throughput, response time, recovery time, and resource usage 

• Supportability -which may include testability, extensibility, adaptability, maintainability, compatibility, 

configurability, serviceability, installability, localizability (internationalization)?                                  

 

E.  ISO 9126 Standard Quality Model 

ISO 9126 is an international standard for the evolution of software. The standard is divided into four parts which 

address respectively the following subjects: Quality model, External metrics, internal metrics and quality in use 

metrics. ISO 9126 Part-1 is an extension of previous work done by McCall (1977), Boehm (1978), FURPS etc. 

ISO 9126 specifies and evaluates the quality of a software product in terms of internal and external software 

qualities and their connection to attributes. The model follows the factor-criteria-metric model and categorizes 

software quality attributes into six independent high-level quality characteristics: functionality, reliability, 

usability, efficiency, maintainability and portability. Each of these is broken down into secondary quality 

attributes, e.g. maintainability is refined into analyzability, changeability, stability, testability and compliance to 

standards, conventions or regulations. For the internal and external software products, each quality 

characteristics and its corresponding sub-characteristics are defined in ISO 9126-1 [ISO, 2001] as follows:  

 Functionality: -“The capability of the software product to provide functions which meet stated and implied 

needs when the software is used under specified conditions”.  

 Reliability:- “The capability of the software product to maintain a specified level of performance when used 

under specified conditions”.  

 Usability:- “The capability of the software product to be understood, learned, used, and attractive to the user, 

when used under specified conditions”.  

 Efficiency:- “The capability of the software product to provide appropriate performance, relative to the 

amount of  resources used, under stated conditions”.  

 Maintainability:-“The capability of the software product to be modified. Modifications may include 

corrections, improvements or adaptation of the software to changes in environment, and in requirements and 

functional specifications”.  

 Portability: “The capability of the software product to be transferred from one environment to another”. It 

includes the following sub characteristics: 

III. Analysis / Comparison of Software Quality Models 

This is a comprehensive study to enumerate different characteristics/factors of various software qualitative 

models and estimate their comparative viability. In this section we have presented a comparison between the 

availability of the characteristics (called factors or attributes) within the five popular quality models. We have 

FURPS 

   Usability 

 Reliability Functionality 

Supportability    Performance 

Fig.4: FURPS Quality Model 
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compared five popular software quality models (McCall’s, Boehm’s, Dromy’s, FURPS and ISO 9126), in which 

each of the quality model has various quality characteristics or factors or metrics. In table 1 we have shown the 

comparison/analysis of these quality models based on various characteristics/factors of quality. 

Table 1: Comparison of Software Quality Models 
Criteria /goals 

(in ascending order) 

McCall 

Model 

Boehm 

Model 

Dromey 

Model 

FURPS 

Model 

ISO 9126 

Model 

Clarity  *    

Correctness * *    

Documentation  *    

Economy  *    

Efficiency * * *  * 

Flexibility * *    

Functionality   * * * 

Generality  *    

Integrity * *    

Interoperability *     

Maintainability * * *  * 

Modifiability  *    

Performance    *  

Portability * * *  * 

Reliability * * * * * 

Resilience  *    

Reusability * * *   

Supportability    *  

Testability *     

Understandability  *    

Usability * * * * * 

Validity  *    

Total  =   22 11 17 7 5 6 

 

IV. Conclusion/Discussion and Future Work 

Based on this comparison/analysis and discussion we analyze that- In McCall’s quality model, the quality is 

subjectively measured based on the judgment on the person(s) answering the questions (‘yes’ or ‘no’ questions). 

The metrics in the lower level of the McCall’s, Boehm’s, Dromey’s and FURPS quality models are neither 

clearly nor completely defined and connected to the upper level of the quality models. The FURPS quality 

model is built and extended to be used in the IBM Rational Software Company. Therefore, it is a special-

purpose quality model, that is, for the benefits of that company. Three of the characteristics are used in the ISO 

9126 quality model as sub- characteristics from other characteristics. The ISO 9126 quality model is the most 

useful one since it has been build based on an international consensus and agreement from all the country 

members of the ISO organization. On the basis of the analysis/comparison/discussion we can say that the 

software quality model may be useful for software developers to satisfy their need and thereby gaining the 

optimum quality within specified environment. In future we will develop a model for software product defect 

prediction to improve the quality of the software product.  
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Abstract: WiMAX (Worldwide Interoperability for Microwave Access) is a promising technology which can 

offer high speed voice, video and data service up to the customer end. The IEEE 802.16 technology is a better 

alternative to 3G or wireless LAN networks for providing last mile connectivity by radio link due to its high data 

rates, low cost of deployment and large coverage area. In this paper, QoS performance of WiMAX network is 

analyzed in terms of QoS parameters i.e. delay, load, throughput, packet delay variation and packet end to end 

delay by using OPNET 14.5 simulator. Performance is carried out with different modulation techniques and 

coding rates like QPSK ½, QPSK ¾, 16 QAM ½, 16 QAM ¾, 64 QAM ½ and 64 QAM 3/4. This paper 

concludes that coding rate ¾ and QAM techniques perform best. 

 

Keywords: WiMAX, OPNET, QPSK, 16 QAM, 64 QAM, OFDM. 

I. Introduction 

The demand for broadband mobile services is continuously growing. Conventional high-speed broadband 

solutions are based on wired-access technologies such as digital subscriber line (DSL). This type of solution is 

difficult to deploy in remote rural areas because it lacks support for terminal mobility. Mobile Broadband 

Wireless Access (MBWA) provides flexible and cost-effective solution to these problems [1]. The IEEE 

WiMax/802.16 is a promising technology for broadband wireless metropolitan area networks (WMANs). 

WiMax technology ensures broadband access for the last mile. It provides a wireless backhaul network which 

enables high speed Internet access to small and medium business customers, residential and also Internet access 

for WiFi hot spots and cellular base stations. WiMAX becomes a promising standard nowadays because it 

becomes an excellent solution for the places where the cost of deployment and maintenance of technologies like 

DSL is not profitable. WiMAX offers a good solution for these challenges because it provides a cost-effective, 

rapidly deployable solution. Additionally, WiMAX will represent a serious competitor to 3G (Third Generation) 

cellular systems as high speed mobile data applications can be achieved with the 802.16e standard. The original 

WiMAX standard was only catered for fixed and Nomadic services. It was then enhanced to full mobility 

applications, hence the mobile WiMAX defined under the IEEE 802.16e standard. Mobile WiMAX supports 

full mobility, nomadic and fixed systems [2]. 

 

In wireless communication, parallel transmission of symbols concept is applied to achieve high throughput and 

better transmission quality. Many methods are proposed to combat the multipath effects in wireless 

communication. Orthogonal Frequency Division Multiplexing (OFDM) is one of the techniques used for 

parallel transmission. The idea of OFDM is to split the total transmission bandwidth into a number of 

orthogonal sub carriers so that to transmit the symbols using these sub carriers in parallel [4]. Each smaller data 

stream is then mapped to individual data sub-carrier and modulated using one of the Modulation techniques 

such as QPSK, 16-QAM, 64-QAM. OFDM needs less bandwidth than Frequency Division Multiplexing (FDM) 

to carry the same amount of information which converts to higher spectral efficiency. Besides a high spectral 

efficiency, an OFDM system such as WiMAX is more suitable in NLOS environment. It can easily overcome 

issues caused by multipath like interference and frequency-selective fading because equalizing is done on a 

subset of sub-carriers instead of a single broader carrier [5]. WiMAX uses a special type of modulation 

technique which is a mixture of ASK and PSK with a new name called Quadrature Amplitude Modulation 

(QAM). In QAM, amplitude and phase changes at the same time. Different types of QAM are available for 

WiMAX networks depending on throughput and range. 64 QAM has higher throughput but the lower range 

whereas 16 QAM has lower throughput but higher range to cover from the BS. WiMAX has the freedom to 

select Quadrature Phase Shift Keying (QPSK) and QAM as its modulation techniques depending on the 

situation [4].  

To accommodate the Wireless medium 802.16 basically employ PHY (physical) and a MAC (media access 

control) layer. 
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Figure 1 Specification of WiMAX system 

 

These are the two layers of WiMAX which are very important. PHY layer plays a very important role in 

WiMAX network. PHY is the actually physical transport of data itself. A variety of technologies like OFDM, 

TDD, FDD, QAM and Adaptive Antenna Systems (AAS) are utilized to achieve maximum performance from 

the PHY itself. Modulation technique is one of the technologies used by PHY layer so it motivates to compare 

different modulation techniques with different coding rates to achieve best performance. In this paper different 

modulation techniques with different coding rates are compared with QoS parameters and concluded which 

gives best QoS.  

This paper is organized as follows. Simulation model of network using OPNET modeler is described in section 

II. Simulation environment is also in section III then Results are discussed in section IV, before we finally 

conclude in Section V. References are given in section V. 

 

II. Simulation Model 

In this study, we used OPNET to develop a simulation model. OPNET Modeler simulation tool was selected as 

the tool of choice given its widespread adoption in both commercial and military domains. Moreover, the 

OPNET Modeler included native support for WiMAX component technologies. A network topology shown in 

Figure 2, consisting of geographically separated video client and video services subnets, was employed to 

simulate a more realistic real world scenario [6]. 

 
Figure 2 Network topology 

The server subnet, shown in Figure 2 provisions a VoD server capable of streaming stored video content to 

video clients on request and client subnet encompass various video client stations that will access the same VoD 

services. Client subnet and server subnet shown in network topology are connected through IP backbone. 

In the client subnet shown in figure 3, six fixed wireless WiMAX stations are located. The base station is 

connected wirelessly to all the client stations [7].  

 
Figure 3 Simulation Model 
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II. Simulation Environment 

WiMAX service classes appropriate the QoS requirements of service flows, where service flows represent 

traffic flow between the base station and the subscriber stations. Service flows from the base station to the 

subscriber station are called downlink flow whereas service flows from the subscriber station to base station are 

called uplink flows. For a given service class, the key parameters are minimum sustainable traffic rate and the 

scheduler type, which enables WiMAX to provide QoS capabilities, thereby supports delay sensitive traffic such 

as audio and video services. There are four scheduler types: UGS (ungranted service), rtPS (real time polling 

service), nrtPS (non-real time polling service) and BE (best effort). The available bandwidth resources are first 

allocated to UGS then to rtPS and nrtPS flows. Lastly, any remaining resources are then assigned to BE flows.   

For the purpose of this study, we created one service class for the downlink using BE scheduling and 3.0 Mbps 

minimum sustainable data rate. Another service class was created using BE scheduling and 640 kbps minimum 

sustainable data rate as shown in Figure 4. 

 

 
Figure 4 WiMAX Service Class Configurations 

 

PHY layer access was configured to utilize OFDM over a 2.5 GHz base frequency with 5 MHz channel 

bandwidth that provisions 512 subcarriers. The client station transmit power was configured to use 33 dBm (2 

watts) of transmit power using 14 dB gain antennas. The base station transmit power was configured to use 35.8 

dBm (3.8 Watts) over the 5MHz channel bandwidth with 15 dB gain antenna. Moreover, a pathloss model fixed 

suburban (Erceg) was employed with a conservative terrain type that accounted for mostly flat terrain with light 

tree densities. The 2km FSS modulation and coding rates for both uplink and downlink service flows are shown 

in Figure 5. 

 
Figure 5 FSS service flow modulation and coding rates. 
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IV. Results and Discussions 

In this section, the simulative investigations of different modulation techniques with different coding rates have 

been done to find out the optimum behavior of WiMAX network. OPNET provides a Virtual Network 

Environment that models the behavior of entire network. Performance of different modulation techniques with 

different coding rates are compared in terms of QoS parameters like delay, load, packet delay variation, traffic 

received and throughput. 

In all figures from 6 to 10, first scenario that is blue line shows 16-QAM ½, scenario 2 of red line shows 64-

QAM ¾, and scenario 3 of green line shows 64 QAM ¾, scenario 4 of sky blue line shows 64 QAM ¾, scenario 

5 of yellow line shows QPSK ½ and scenario 6 of pink line shows QPSK ¾ adaptive modulation techniques. 

Simulation is done for 10 min. Initially up to 2m network takes time to establish connection so that packets can 

be transferred that’s why comparison is achieved after 2m. 

 

 
Figure 6 Comparison of average in WiMAX delay (sec) 

 

Figure 6 represents delay which shows QPSK ½ has maximum delay which means it takes longer time for 

transmission from source to destination. 64 QAM ¾ and 16 QAM ¾ has minimum delay and 16 QAM ½ and 64 

QAM ¾ has moderate delay. It means 16 QAM ¾ and 64 QAM ¾ performs best.  

 

 
Figure 7 Comparison of average in WiMAX load (bits/sec) 

 

Figure 7 represents load in bits/sec. Initially the load is constant for all techniques afterwards it eventually 

increases. Load is maximum for 64 QAM ½ and QPSK ¾, and minimum for QPSK ½. 16 QAM ¾ and 64 QAM 

¾ has moderate load. 

 

 
Figure 8 Comparison of Packet End to End delay (sec) 
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Figure 8 represents Packet End to End delay which shows end to end delay is maximum for QPSK ½  and ¾ 

coding rate behaves almost same even though 16 QAM ¾ and 64 QAM ¾ has minimum delay 

 
Figure 9 Comparison of Traffic Received (bits/sec) 

 

Figure 9 represents Traffic Received which shows highest traffic is for 64 QAM ¾ and minimum traffic is for 

QPSK ½ and all other techniques has moderate traffic received while 16 QAM ¾ and 64 QAM ½ has more than 

16 QAM ½ and QPSK ¾.  

 
Figure 10 Comparison of average in WiMAX Throughput (bits/sec) 

  

Figure 10 represents throughput in packets/sec. It shows throughput is maximum for 64 QAM ¾ and minimum 

for QPSK ½. 16 QAM ¾ and 64 QAM ½ has high throughput than QPSK ¾ and 16 QAM ½. 
 

Techniques/ 

Parameters 

 

Delay 

 

Throughput 

 

Packet e2e 

Delay 

 

Performance 

 

Average Acceptable 

Values 

 

< 300ms 

 

2Mbps-5Mbps 

 

< 60 ms 

 

----------- 

 

16 QAM 1/2 

 

< 100 ms 

 

Around 2Mbps 

 

< 20 ms 

 

Acceptable 

 

16 QAM  3/4 

 

< 50 ms 

 

Around 3Mbps 

 

< 30 ms 

 

Acceptable and better 
than 16 QAM 1/2 

 

QPSK 1/2 

 

1000 ms 

 

1 Kbps 

 

90 ms 

 

Not Acceptable 

 

QPSK 3/4 

 
100 ms 

 
Around 1.5 Mbps 

 
20 ms 

 
Not Acceptable 

 

64 QAM 1/2 

 

< 50 ms 

 

Around 3 Mbps 

 

< 20  ms 

 

Acceptable 

 

64 QAM 3/4 

 
< 50 ms 

 
Around 4.5 Mbps 

 
< 30 ms 

 
Acceptable and better 

than 64 QAM 3/4 

 

Table 1 Performance Analysis 

According to these values QPSK technique does have any parameter which can be acceptable while QAM 

techniques have acceptable values which shows that QAM techniques are much better than QPSK. Now all the 

comparative results shows that coding rate QAM techniques with coding rate ¾ performs much better than 

QPSK technique and coding rate ½ in terms of QoS. So QAM techniques with coding rate ¾ are best techniques 

to achieve best QoS for WiMAX network. 
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IV. Conclusion 

This paper presents a comparative performance study of video streaming over WiMAX network with respect to 

different modulation schemes and coding rates. The performance has been evaluated in terms of average delay, 

average load, average traffic received, average packet End to End delay and average throughput. It has been 

demonstrated while using OPNET simulation. We concluded that the coding rate ¾ and higher order modulation 

namely, 16 QAM and 64 QAM provide much better performance than QPSK and ½ coding rate. 
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___________________________________________________________________________ 
Abstract: Project Management improves by adopting better processes models. It is vital to improved project 

management that efficient process models need to be developed. These processes be evaluated on continuous 

basis and improved with changes in operating environment and new learning. The quality metrics can be pre-

identified for achieving the goals that may include delivered defect density, rejection rate, time estimation etc.  

In this approach to build PPM, the emphasis is on process enhancement so that efficiency can be increased 

rather relying fully on various components. The various process models discussed are Regression, Bayesian, 

Queuing, Neural networks etc. With details of theories and application areas these may be applied to.  

_______________________________________________________________________________________ 

 
I. Introduction 

The CMMI defines Process Performance Model (PPM) as “relationships among attributes of a process and those 

of its work products. These work products are developed from historical process-performance data, and further   

calibrated, by using process and product output data results obtained from the project. PPMs are used for result 

prediction to be achieved by following a process.”   

In any business case, a model on an organizational level is needed that is capable of predicting one or more 

business target results. This is called a process performance model and can plan and track organizational quality 

performance. The adoption of better PPMs helps understand or even predict the uncertainties better in CMMI 

Level 4 and 5 processes namely Quantitative Project Management and Qualitative Process Management.  Thus 

it helps in reducing risk by controlling relevant process/sub-processes. Thus, PPMs are useful tools for 

managing   projects/ processes. PPMs tools enable prediction of process performances, by Project Managers 

with a level of confidence as they better identify and understand risks with these tools. “What-if” analyses on 

PPMs enables to see impact various courses of action on their projects by varying a factor under control.  

PPM models are by definition mathematical and statistical in nature. PPMs are empirical in nature and are never 

perfect in prediction but quite accurate to use available data and make a fair prediction about a process. The 

process of building PPMs involves following steps: 

 Identify or Reconfirm Business Goals. 

  Identify the sub-processes/process  

 Identify Outcomes to Predict (y’s) 

 Identify Controllable factors (x’s) to predict outcomes 

 Include Uncontrollable x factors 

 Collect Data 

 Assess Data Quality and Integrity 

 All data types of outcomes y and x factors needs to be identified. 

 Create Process Performance Baselines (PPBs) 

 Select the right analytical techniques and also type of regression equation. 

 Based on analysis and make predictions with appropriate prediction intervals. 

 Statistically manage sub processes with PPMs 

 Take Action Based on PPM Predictions 

 Maintain PPMs including calibration and reconfirming relationships 

There are challenges of building PPMs due to limited quantitative data and low variability of available data. The 

PPM helps in predicting Quality and Process performance/ Business objectives. Once an organization decides its 

goals, it starts looking for PPMs 

II. Types of Models 

PPMs Models can be classified as follows:  

 Physical Models represent physical reality, for understanding, by scaling it down by building a 

prototype, for example a prototype of building.  

 Mathematical Modelling involves representation of reality by a mathematical model in terms of a 

mathematical equation or other similar models.  
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 Process Modelling will have the Entire flow of Process with factors and conditions modelled to 

understand the bottlenecks in the process/system for correction. 

 

III. Process Modelling –Steps, Validation, Tools 

PPMs can help in analysis whether the selected process for a project will be able to meet the project’s 

performance objectives. A good PPM should have modelling characteristics as follows:   

 PPMs can be statistical, probabilistic and simulation types that link past performance with predictable 

outcomes. PPM should have one or more measurable attributes. This attributes represent a controllable 

input to a process/sub-process and helps in monitoring performance of a process/ sub-process with 

“What if analysis” for planning, dynamic re-planning, problem resolution. Thus prediction accuracy of 

model is important. 

 PPMs should give insight to predicted range of variation expected from predicted results with variation 

of input factors. PPMs can identify potential sources of the problems or defect. Thus calibration 

abilities of model have bearing on performance of model. 

 Robustness and Data type of the variable and factors involved in a model have bearing on performance 

of the model.  There is need of availability of relevant tools for building the model. Model to have 

ability to include all critical factors in primary data type.   

 PPM should enable simulation of models and help enable finding optimization of input factors for 

planning process/sub-process and thus there is need for flexibility in varying factors in model. 

 

IV. How are PPMs Used 

 Projects can use PPM for predicting the process performance after estimation and analysis of the 

defined processes. It can assist in selecting defects for analysis and also performance analysis for 

selecting processes or sub processes.  

 PPMs can be used to understand the impact of improvements, related interaction of these improvement 

and resulting costs effect, and other benefits. They can be used to assess the ROI for process 

improvement work.   

 PPMs help in estimation progress towards achieving planned quality for project and process 

performance objectives with the use of right tools. These estimates can be done in advance and not wait 

until a future phase of life cycle of project. 

 When a sub-process is initially executed, based on prior instances of suitable data of similar sub-

processes, process performance baselines or PPMs help to understand the impact/benefits of new 

innovations. PPMs provides insight into effect on process capability and performance due to effect of 

process changes. Also, PPMs can provide a means for analyzing possible effects due to effected 

changes to process elements 

 

V. Modelling Techniques in Real World 

A)  Regression based Models 

Regression based process models estimate relationship in a mathematical equation among dependent and 

independent variables..  The model Y = f(x) + Error (unknown parameters) assumes that a sample data 

represents whole population, variables are random and have random errors, no correlation amongst independent 

variables and  unknown factors represent a sub process/process, else these are a factors that affect data set, 

project or sample.  A regression model can be developed with relevant indicators and that has characteristics of 

data, continuous or categorical.   

                                                     
Figure 1: Illustration of linear regression on a data set. 



B R Sharma, International Journal of Emerging Technologies in Computational and Applied Sciences,12(1), March-may, 2015, pp. 37-42 

IJETCAS 15-313; © 2015, IJETCAS All Rights Reserved                                                                                                                    Page 39 

Scatter plots amongst X versus Y helps to see if there is relationship (correlation). The coefficient of 

determination, R
2
 is a number that indicates how well data fit a statistical model, a line or curve.  R

2
 values 

greater than 0.7, provides a better fit to the outcome.  This explains how much the dependence Y has on X’s. 

The fitment of model can also be checked by P values of independent variables X to be less than 0.05.This 

shows a significant relationship exists with Y.   

R Systems, an Indian company, developed the PPMs using this procedure for a Regression model.   R Systems 

used ANOVA to check the homogeneity and divided the data collected in various domains and technologies.   

This was to understand whether there is any variance in data.  R System did the following: 

 Performed  normality test to find the distribution of data 

 Use correlation analysis between each X factor and Y.   Then verify the “Coefficient of Regression”- R 

Square, the result was more than 80% between X and Y. 

 R-Systems work resulted in a multiple regression equation, with values R-square 83.5%, R Square (Adj) 

81.3%. The p values less than .05 at 95% confidence level. This gives a significant model for DDD (Delivered 

Defect Density).   

  

B)  Bayesian Belief Networks (BBN) 

 BBN is a probabilistic graphical model. BBN represents a set of variables and their probabilistic 

independencies (for example the probabilistic relationships between student and score). A BBN model can give 

quick insight into potential areas of improvements based on relevant quality factors and the current performance 

level of the organization. Bayesian Belief Networks (BBNs) offer another approach to modelling the quality of 

software products. These are probabilistic models with sets of nodes connected with arrows. These nodes 

represent certain relationships like: i) cause and effect ii) Without a confirmed cause and effect (probable) iii) 

Statistically observed correlation between two nodes. 

                                                 
Figure 2: PPM Development through BBN  

In practice, BBNs can be constructed to cover a time dimension such as a life cycle. An iterative process is 

conducted by identifying what factors occurring just prior to the terminal child nodes, outcome might explain 

the child nodes. The iteration continues in that each parent node can be explained in terms of its own parent 

nodes occurring earlier in the life cycle.    

A BBN can be an invaluable management tool by enabling a “what-if” capability during project planning, and 

subsequently during all processes and sub-processes in the life cycle.  The discussion on Quantitative Project 

Management (QPM) and Organizational Process Performance (OPP) process areas for probabilistic nodal 

relationships leads to conclusion that BBN is ideal approach to process modelling related to these requirements. 

BBN is frequently used in the Causal Analysis and Resolution and also in Organizational Innovation and 

Deployment process areas.   

In Software Process Modelling with Bayesian Belief Networks is a model usable for effort estimation/ defect 

prediction. With some adaptations this model can be used to estimate quality within a project, BBN model’s 

ability to predict quality improvement at an organizational level remains unanswered question.  

A Bayesian model to develop business solutions has number of merits,  it  takes into account  prior knowledge 

of problem, applicable in situations with scarce failure data.  This model can include decision nodes. This model 

can also predict situations that are new and can formally incorporate objective/subjective information.  

Strengths of Bayesian model is its ability to use prior information for initial estimation and to use information as 

it becomes available to improve and adjust estimates. This model can predict design and test work and can be 

used to investigate and decide on process improvements. BBNs look promising for modelling quality on an 

organizational level. Some attempts have been made to build probability models for testing using BBNs.  

 

Identification of Response  

Identification of PPM Scope 

 

Identification of Influencing factors 

Data Collection (Quantitative Data and 
Qualitative Information) 

Probability Calculations & Selection 
of Critical Sub-process                
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C)   Neural Networks 

Input/ Output nodes of a network  are connected by links and hidden nodes. A human brain designs its reaction    

based on training simulation received by neurons under various instances/situations. A network similarly learns 

the input.  The network produces its output, based on algorithm used and machine learning. There are number of   

network architecture exists, single layer, multi layer feed forward and recurrent architecture.  

The network is supposed to learn and develop the patterns.  Once a network learns right patterns, it reduces the 

overall network error. A sample data validates the network and checks the accuracy of its learning. A stable 

network has small learning and validation total mean squared error. 

Normally continuous variable are used, however with new tools discrete data is also supported. Artificial Neural 

Networks is based on black box technique.  In this approach inputs are used to determine the outputs, and 

normally no mathematical relationships can be defined between Input and Output. This approach gives better 

results than linear models.  

If in a Modelling of manufacturing processes it is possible to define set of relationships which relate input and 

outputs of the process, then these descriptions are very useful in terms of optimization and controlling of the 

process. This is true for manufacturing problems related to process control, process optimization, system design 

and system planning. Artificial neural networks are thus a computational tool used in artificial intelligence for 

modelling manufacturing processes.    

 

D)  Reliability Modelling 

The ability to perform at designed level of a software product, without any failure, indicates its reliability under 

execution.  The scale 0 to 1 is used to measure reliability of any product or activity. In software product 

development processes, technique known as Reliability Modelling is used.  This can be used for defect 

prediction based on arrival of defects, in each phase of development. The technique can be also be used for 

testing pattern of arrival of defects.  In warranty defect analysis and also forecasting reliability.  

Reliability can be time-dependent and also is non- time dependent. In first case time is an important measure as 

the occurring defects wear out with time.   The defect occurs by executing faulty codes or programs in certain 

time frame and recorded as and when they occur. This concept is much in use in IT industry for MTTR to know 

Incident Arrival Rate, etc. 

Reliability models normally have distribution curve of defects the shape of which reduces from peak to a lower 

flatter trajectory. The curve most commonly used is Weibull, logistic, small extreme value to fit in probability 

distributions. It is possible that each phase of software development may have different probability distributions. 

The defect data is measured in terms of number of defects in a period (ex: 15 /30/45 per day) or time difference 

of defect arrival (ex: 20, 35, 50 minutes.  The PDF, CDF (Probability and Cumulative Distribution Function) are 

tools to understand the pattern of defects.  Pre-Queuing system entity enables the creation of demand on arrival 

that is to be served by limited resources of the system. The discrete events in the system are managed by its 

resources at any given point in time. The model captures time stamps of different discrete events and models 

their variation with the queue system. This model can used to understand the resource utilization of servers, idle 

time, bottlenecks in the system events, etc.  

Reliability Modelling is used in IT Industry for application maintenance, incident and problem handling. This is 

also applicable in cases involving Standard change Requests or contexts where the arrival rate of defects and 

team size is important factor for delivery on time.   

 
E)  Queuing Process Modelling  

Queuing theory approach is applied to different types of problems, such as scheduling, resource allocation, and 

traffic flow. Queuing system model results in entity arrival that creates demand. This demand is to be serviced 

by limited resources assigned to the system. The Queuing system manages its resources to service various 

events at any given point in time. Queuing system is dependent on arrival of elements, utilization of servers, 

wait time/time spent in the system flows. It helps to understand the resource utilization of servers, bottlenecks in 

the system events, and idle time, etc.  

In software Industry Queuing system can be simulated for use in application maintenance, incident/problem 

handling.  This is also applicable in dedicated service teams /functions (ex: technical review team, 

Procurement).  This model is applicable in a situation requiring standard change request, in which the arrival 

rate and team size has significance, in delivering on time. Queuing system modelling involves understanding of 

the tool “Process model”.  

Setting up flow: The actual flow of activities and resources in a system needs to be mapped and make a 

graphical flow and verify it. The distribution of time, arrival pattern of entities, input and output queue for each 

entity, resource capacity and assignment should be known. These can be solved by Time motion study for the 

first time. Once System knows pattern of entity arrival then by just adding storage the entities will be retained 

till resolution. Resources can be given in different shifts, by use of necessary functions and describing various 

scenarios. Their conditions of service can be changed to meet the real conditions. 
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Simulation: Simulation process is carried out to predict the outcomes of proposed queuing process. Replication 

of the simulation process can be carried out over a time period. The simulation results are displayed as output. 

Simulation reports can be customized by addition of new metrics and formulas. A Simulation situation can be 

run with or without animation. The output summary refers to idle time of entities or waiting time in queue. This 

is important area to work on process change and improve the condition. If there is no Hot Spot or idle time of 

entities, then there is need to study the activities with High Mean or Standard deviation or both of individual 

activities. These are critical sub processes to control. 

Optimization: It is important to check that the system replicates the real life condition by comparing actual 

value with predicted values. This difference should be less than 5 %. It is desired to find the best combination of 

resource assignment along with different activities. The earlier defined scenarios are going to be the control 

factors and a certain range is provided in the tool (LSL and USL). The optimization is performed, with default 

value of convergence, simulation length left undisturbed. The tool looks at different combination of values with 

existing system. It selects the one which meets best our target, these values can be made use of in composition 

of processes (resource skill, activity and time taken etc).  

 
F)  Fuzzy Logic 

Fuzzy Logic is a way of representation of a of problem expressed in a language with different variables that are  

fuzzy/vague in terms of their value, to take decisions. The variables do not have  sharp boundaries in Fuzzy set 

theory and it permits overlapping. In Fuzzy systems membership values of fuzzy set are in 0 to 1 range with 0 

for false value and 1 for absolute truth. 

Fuzzy set theory is different from normal set theory for it allows each element of the given set belongs to that set 

to some degree between some value 0 to 1. For example if a person’s skill index is 4.8 and we have two group 

which contains skill 3.4 to 5 and another group which contains 4.6 to 6. Member is part of both the groups with 

varying degrees, in this case. This shows the Fuzziness. This needs to understood that this is not probability but 

certainty with varying degree of membership in a group. 

 In Fuzzy logic the problem description in language is translated to the mathematical solution determined by 

Fuzzy rules. Fuzzy logic model use Fuzziness of data (overlapping values) in software problems, and 

mathematical/stochastic relationship determine the solution. Monte Carlo simulation is partially based on Fuzzy 

logic concepts.  

 
G)  Monte Carlo simulation  

Monte Carlo methods are a class of computational algorithms that rely on repeated random sampling to obtain 

numerical results.  Monte Carlo Simulation allow, modelling of variables that are uncertain in a range of values.  

The model is useful in predicting outcomes and is increasingly used. 

 Monte Carlo simulation enables a detailed calculation of the potential business results for candidate 

improvement proposals. Since only the identified areas are calculated in detail, the lead time toward a 

business case is shortened significantly. This helps a company to make quicker decisions when 

improving quality.  

 This helps in more accurate sensitivity analysis and enables analysis in simultaneous effects of many 

different uncertain variables.  

 User-provided values are included in analysis for uncertain variables.  

 The above results in confidence in a model output as it  supports risk management. 

Monte Carlo simulation shows the distribution of the outcome factors (child nodes) based on the certain and 

uncertain parent nodes. Monte Carlo simulation tools use random number generators to select a value for each 

parent node from the parent node’s distribution and then compute the outcome child node. This step is repeated 

thousands, if not hundreds of thousands, of times so that a distribution of values for the child node is formed. 

The distribution for each child node can be used in Monte Carlo simulation for any successive child nodes of the 

child node. Additionally, the Monte Carlo simulation provides distributions for all child nodes such that a 

confidence level can be established for any given value of the child node. This proves quite helpful in using 

results from Monte Carlo simulation in project forecasting, business case development for process improvement, 

and risk management.  

 

VI. Conclusion 

 The solution to any problem is inherent in its definition and parameters governing the solution. A 

manufacturing engineer knows the quality of product produced at the shop depends not only on the design but 

also production process available at the site. Similarly in software solution it is possible to think parallel that 

efficient solutions will emerge based on the process selected. The selection of a particular project process model 

depends upon the nature of problem and quantum of data available. A model must yield actual results as closely 

as possible to the predicted result. In our approach to paper, suggestions have been given of various process 

models. The ability of engineer to pick up the best suitable model for the defined problem will lead to desired 
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efficient solution. Regression model thus will be applicable to problems with a defined relationship between 

variables impacting the solution in larger proportion. Bayesian   Model will be appropriate where prior 

information of data related to a variable that impacts significantly on the posterior information which is basis of 

our solution.  
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Abstract: Methods to determine own resonant transverse oscillations of a beam fixed at one end have been 

investigated. The beam is viewed as a system of parameters. The resonant frequencies have been defined both 

theoretically and experimentally and a comparison between them has been made. The obtained results can be 

used to determine (the modulus) of elasticity of the tested beam. The experimental measurements were made 

with an electromagnetic vibration table. 

Keywords: beam; transverse vibrations; modulus of elasticity 

I. Introduction 

Oscillation processes play an important role in engineering. According to their physical nature oscillations can be 

divided into mechanical, thermal and electrical. As it is well known, the following types of oscillations can be 

further distinguished - free continuous oscillations, freely dying oscillations, induced oscillations, parametric 

oscillations, self-excited oscillations, etc. Regardless of their type they are defined by the same physical laws and 

properties. Quite frequently oscillation processes in engineering are a sum of free oscillations, which makes the 

study of the latter extremely important in practice. Such oscillations are the lateral oscillations of a beam, a bar or 

a strip fixed at one end. These oscillations are used not only in engineering but also in some musical instruments 

like harmonica, xylophone and tuning fork 

II. Presentation 

When we consider a real beam we should take into account both its inertial and elastic properties.  That’s why we 

should take into consideration the mass and the elasticity of the beam.  This makes the beam a complex system 

with a large number of variables, where the position of each part of the beam during its movement in space is 

defined by individual coordinates. 

The aim of this article is to explore methods of determining the natural frequencies of free, lateral oscillations of a 

beam fixed at one end; to create graphs to demonstrate the relationship between the natural oscillations and the 

length and thickness of the beam; to compare the theoretical and experimental curves. 

The lateral oscillations of a beam are normally caused by the elastic bending strains. They are defined by a 

partial-differential equation. For the solution of the equation to be one-valued the respective initial and boundary 

conditions are used. The differential equation of free lateral oscillations of straight prismatic beams with 

distributed mass is worked out by using dynamic force analysis. It is known from theory that the differential 

equation of the elastic line is as follows: 

bM
x

y
EI 




2

2

           (1) 

where I is  the geometric inertia moment of the beam; E – modulus of elasticity; y=y(x,t) - deflection, Mb – 

bending moment. 
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is used when spread load with intensity q(x,t) is present. 

With free lateral oscillations the intensity of the lateral oscillations is determined by the apparent forces 
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where S is the cross sectional area, ρ – the density of the material. 

The condition of a prismatic beam is S= const and I=const. Double differentiating of (1) in relation to x and 

comparing (1), (2) and (3) results in 

0
2

2

4

4











t

y

x

y

S

EI


          (4) 



Tsanko Karadzhov, International Journal of Emerging Technologies in Computational and Applied Sciences, 12(1), March-may, 2015, pp. 

43-46 

IJETCAS 15-315; © 2015, IJETCAS All Rights Reserved                                                                                                                    Page 44 

Equation (4) defines free lateral oscillations of a straight prismatic beam. It is a linear, homogenous, partial-

differential equation with constant coefficients. Its solution is of the type: 

)().(),( tTxXtxy            (5) 

where  X(x)  is function, which depends of x; T(t)  is function, which depends of t. 

The displacement and the angle of inclination at the built-in end are equal to zero. The following boundary 

conditions are derived: 
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for the built-in end 
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for the free end. 

For the natural frequencies of the lateral oscillations of a beam fixed at one end the following expression is 

derived: 
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where h is the thickness of the beam and   is the length of the beam. 

For the first three natural frequencies of the lateral oscillations of a beam fixed at one end the following 

expression is derived 
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III. Scheme of the experiment and tasks 

Figure 1  Scheme of the experiment 
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The sample is fixed on the vibrating table and the frequency of oscillations is changed by function generator 

while the beam begins to vibrate with maximum amplitude – until a resonance is achieved.  The frequency of the 

blink of the pulse lamp of the stroboscopic generator changes until the image of the beam becomes stationary. 

Then the frequency is given from the stroboscopic generator. 

 

The following tasks are to be accomplished: 

IV. To determine the relationship between the natural oscillations of a beam fixed at one end and its length 

– f = f(ℓ) and to check it with the theoretical relationship ftheor = f(ℓ). 

 

Determine the relationship f1 = f1(ℓ) for the first natural frequency of a steel beam with the following 

characteristics: 
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modulus of elasticity          E = 3,12.10
11

 N/m
2
; 

density                               ρ = 7,74.10
3
 kg/m

3
; 

thickness                           h = 2,80 mm. 

Experimental results: 

Table 1 
ℓ, mm 265 250 235 220 205 190 175 160 

f1e, Hz 29,1 32,7 37,0 42,2 48,6 56,5 66,6 79,5 

f1t, Hz 28,7 32,3 36,5 41,7 48,0 55,9 65,9 78,8 

 

Determine the relationship f1 = f1(ℓ) for the first natural frequency of a synthetic resin- bonded paper beam with 

the following characteristics: 

modulus of elasticity         E = 2,19.10
10

 N/m
2
; 

density                              ρ = 1,294.10
3
 kg/m

3
; 

thickness                          h = 3,00 mm. 

Experimental results: 

Table 2 
ℓ, mm 265 250 235 220 205 190 175 160 

f1e, Hz 20,3 22,8 25,8 28,4 33,8 39,4 46,3 55,4 

f1t, Hz 19,9 22,4 25,4 28,9 33,3 38,8 45,7 54,7 

 

From Table 1 and Table 2 shows that the experimental dependence f1 = f1(ℓ) for a beam of steel and synthetic 

resin- bonded paper hardly differs from the theoretical. 

Fig. 2 presents graphs of the dependence f1 = f1(ℓ) for steel and synthetic resin- bonded paper. 

 

Figure 2  Graphs of the experimental dependence f1 = f1(ℓ): 1 – for steel; 2 – for synthetic resin- bonded 

paper. 
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V. To determine the relationship between the natural oscillations of a beam fixed at one end and its 

thickness – f = f(h)  and to check it with the theoretical relationship ftheor = f(h). 

Determine the relationship  f1 = f1(h) for the first natural frequency of a steel beam with the following 

characteristics: 

modulus of elasticity             E = 3,12.10
11

 N/m
2
; 

density                                  ρ = 7,74.10
3
 kg/m

3
; 

length                                   ℓ = 250 mm. 

Experimental results: 

Table 3 
h, mm 2,20 2,40 2,60 2,80 3,00 3,20 3,40 3,60 

f1e, Hz 25,0 27,2 29,4 31,7 34,1 36,4 38,6 40,9 

f1t, Hz 25,4 27,7 30,0 32,3 34,6 36,9 39,2 41,5 

 

Determine the relationship  f1 = f1(h) for the first natural frequency of a synthetic resin- bonded paper beam with 

the following characteristics: 

modulus of elasticity          E = 2,19.10
10

 N/m
2
; 

density                               ρ = 1,294.10
3
 kg/m

3
; 
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length                                ℓ = 250 mm. 

Experimental results: 

Table 4 
h, mm 2,20 2,40 2,60 2,80 3,00 3,20 3,40 3,60 

f1e, Hz 16,1 17,5 19,0 20,6 22,1 23,5 25,1 26,5 

f1t, Hz 16,4 17,9 19,4 20,9 22,4 23,9 25,4 26,9 

 

From Table 3 and Table 4 shows that there is good correlation between experimental and theoretical results of 

dependence f1 = f1(h) for steel and synthetic resin- bonded paper beams. 

Fig. 3 presents graphs of the dependence f1 = f1(h) for steel synthetic resin- bonded paper. 

 

Figure 3  Graphs of the experimental dependence f1 = f1(h):1 – for steel; 2 – for synthetic resin - bonded 

paper. 
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The beams used are made of steel and synthetic resin - bonded paper. The modulus of elasticity can be 

determined by means of obtained experimental results and the following equation: 

  
  
    

  
                    (12) 

where           

VI. Conclusion 

The proposed analytical method for determining the resonance frequencies of transverse oscillations of a beam 

fixed at one end gives results that are very close to the experimentally obtained. The system in figure 1 can be 

used for measuring resonant frequencies of more complex parts which would be difficult to determine by means 

of analytical methods. 
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Abstract- Data security is an important issue these days. From small companies to big MNCs and government organization, 

data security and secure data transmission is a prime requirement. There are numerous methods and algorithms for 

encryption but we are focusing on digital image watermarking. Watermarking is the processes of hiding data in an image in 

which an image is transmitted by hiding it into another image. This process is also known as image cryptography. The 

motive is to present this process using LSB algorithm for invisible image watermarking in which the hidden image cannot be 

seen by any observer or eavesdropper. The paper will initially present brief aspects of a network, network security and 

various attacks on network that can steal our information and after that watermarking will be introduced with the simulation 

performed in MATLAB.  

Key Terms LSB, Data encryption, Watermarking 

____________________________________________________________________________________________________ 

 

I. INTRODUCTION 

Data needs to be encrypted to protect from various security issues and attacks to maintain integrity and and 

restrict access. There are various methods of data encryption or secure data encryption and one of those methods 

is Digital Image Watermarking. Digital Image watermarking combines the concept of Image processing with 

that if cryptography and it is also known as image cryptography. In Digital Image Watermarking we will hide 

one image (data image) into another image (cover image) and compare them on the basis of their histogram [1] 

[2]. We will also see that normal vision would not be able to distinguish between watermarked image and non-

watermarked image. Our algorithm will include the hiding of an image into another image and retrieving the 

image in the form of binary image after addition of the channel noise. 

Normal encryption schemes are known as Disk encryption schemes generally operating on 512 byte data sectors 

which can be individually encrypted or decrypted using cipher mode like CRC or cyclic redundancy check[3]. 

However sometimes data is  needed to be accessed through the middle of the disk alone itself and its not feasible 

then to decrypt or encrypt depending on preveious or successive sectors[4][5]. 

Disk encryotion can be attacked by using watermarking attack in which an attacker can detect any encrypted. 

This attack make it look weaker and newer and well as older disk encryption programs, are now deprecated loop 

[6][7]. 

In an active аttаck, the аttаcker tries to bypass the security or break into secured system environment. This can 

be done through hacking, stealth, viruses, worms, or by using Trojan horses i.e. backdoor. In active аttаcks an 

attacker attempts to break or overcome protection features, to introduce or write malicious code, theft or 

modification of existing information [8][9].  

II. LITЕRАTURЕ RЕVIЕW 

A.         Mеthоdоlоgу 
The paper is simulation based paper and simulation has been performed using MATLAB R2013b software 

package developed by Mathworks Inc. Matlab is an acronym for Matrix Laboratory working on intеrасtivе 

рrоgrаmming еnvirоnmеnt[10][11]. It is a very wide application tool with its domains of simulation ranging 

from Image Processing, signal processing to biomedical simulation. It consists of standard libraries LINРАСK 

аnd ЕISРАСK consisting of support functions files in .m format which is the file extention for matlab script 

files. Matlab can take anydata in form of matrix from 1 dimensional arrays to 2 dimensional matrix. It works 

very well with numerical data and the presence of grарhiсаl оutрut is also аvаilаblе tо suррlеmеnt numеriсаl 

rеsults. 

Our project uses Image processing applications and tools of Matlab. Mаtlаb uses built in аdарtоrs fоr ассеssing 

dеviсеs like USB cameras or Webcam for accessing realtime image captures. 

Filtеring is а tесhniquе fоr mоdifуing, оr еnhаnсing аn imаgе. Fоr еxаmрlе, уоu саn filtеr аn imаgе tо 

еmрhаsizе сеrtаin fеаturеs, оr rеmоvе оthеr fеаturеs. Imаgе рrосеssing ореrаtiоns can be imрlеmеntеd with 

filtеring, it inсludеs smооthing, shаrреning, аnd еdgе еnhаnсеmеnt[12][13]. Filtеring is а nеighbоrhооd 

ореrаtiоn, in whiсh thе vаluе оf аnу givеn рixеls in a оutрut imаgе is dеtеrminеd bу аррlуing sоmе аlgоrithm tо 

thе expected vаluеs оf thе рixеls in thе nеighbоrhооd оf thе соrrеsроnding inрut рixеls.  

B. Background Study 

Data nееds tо bе еnсrурtеd frоm vаriоus sесuritу issuеs, аnd аttасks tо mаintаin thе intеgritу, аnd ассеss 

соntrоl. Thеrе аrе vаriоus mеthоds оf dаtа еnсrурtiоn оr sесurе dаtа еnсrурtiоn аnd оnе оf thоsе mеthоds is a 
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Digitаl Imаgе Wаtеrmаrking. In this рареr, wе аrе рrеsеnting thе рrосеss оf a Digitаl Imаgе Wаtеrmаrking 

using LSB wаtеrmаrking аlgоrithm. In this wе will hidе оnе imаgе (dаtа imаgе) intо the аnоthеr imаgе (соvеr 

imаgе) аnd соmpare thеm оn thе bаsis оf thеir histоgrаms. Wе will аlsо sее thаt the nоrmаl visiоn wоuld nоt bе 

аblе tо distinguish bеtwееn the wаtеrmаrkеd imаgе аnd  

Imаgе рrосеssing means converting an image into its digital form by analyzing it in pixel form and perform 

various operations on it.Matlab takes an image as input and open it as 2D matrix and then various characteristics 

like its histogram and intensity can be processed.It is very rарid grоwing tесhnоlоgy in present era with its 

аррliсаtiоns reaching various domains from research industry to security and multimedia and communications. 

B.1. What can be done by Image Processing ? 

- Transformations in an image such as enlargement, reduction, and rotation. 

- Color corrections in an image such as adjustments in brightness, conversion to different color formats 

like grayscale to RGB or to binary format. 

- Registration or alignment of two or more than two images. 

- Segmenting an image into various regions. 

- Editing Images and providing Retouch and many more functions 

 

  B.2. Applications:- 

 The application of image processing varies   within various spheres. Some of them are listed below: 

- Satellite Image Processing 

- Medical Imagining 

- Face detection and Recognition, 

- Biomedical 

- Microscope image processing 

- Cryptography 

. 

III. WATERMARKING 
Watermarking is the process in which data in digital form is hidden in a cover image or signal. In invisible 

image watermarking, a message image is hidden under cover or carrier image [14][15]. The message or the data 

image is known as watermark as it is hidden. This particular type of digital image watermarking is also termed 

as invisible image watermarking. It is prominently used for tracing copyright infringements and also used for 

bank notes authentication. The Watermark is also applied to visible media like image or a videos, whereas the 

signasl or the carrier can be in any form like audio, pictures, video or text. A signal or a carrier is capable of 

carrying different types of  watermark at the same period of time. The phenomenon of such watermarking 

scheme is shown in figure 1 and is known as visible image watermarking and its drawback is that it degrades the 

quality of image [16][17]. 

A. What is a watermark? 

A watermark usually is a visible embedded overlay on an image in digital format which could be a form of text, 

a logo, or digital form of copyright notice. The main purpose of a watermark is to identify the work and prevent 

its unauthorized use [18][19]. However a visible watermark can't prevent unauthorized use but it do makes it 

difficult for those who may want to steal and claim someone else's piece of work as their own [20]. 

 
Fig 1: Watermark Copyright 

Our proposal involves invisible image watermarking. It is not the new phenomenon. Over One thousand years, 

the watermark on a paper has been used for a particular brand [21][22].  In a modern  time, it is getting more and 

more important to provide  authenticity as  more  of  a  worlds information  is  stored, as  readily transferable 

http://en.wikipedia.org/wiki/Copyright_infringement
http://en.wikipedia.org/wiki/Banknote
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bits. Digital watermarking is therefore, an important process, where arbitrary information, is encoded into an 

image in such a way that the additional payload is a imperceptible to the image observer. Hence Digital  

Watermarking  technology  is also  involved  with  the  large  numbers of  image  processing algorithms, and 

also the mathematical tools [23][24]. If we use only ordinary programming tool to implement the functions of 

algorithm and modulation, it is very difficult. Therefore, using a high- performance science,and engineering 

calculation software is also very important [25] [26].  

Watermarking your images and photos is an important part of protecting your online photos and images. The 

amount of image theft on the Internet and the growing attitude of people that everything is free for the 

downloading and copy paste is actually exploding the speed of the thefts. Also with the increase in technology, 

tools for image repairing are available which are making it even easier to remove watermarks. This justifies the 

need of watermark with complex algorithms. The complex here doesn’t mean to create watermark but it should 

be made tough for the image processing software to remove the watermarks. [27][28][29]. 

A.1. Types of Watermarking 

There are several ways of classification of digital watermarking techniques: 

On the basis of Robustness 

-Fragile Watermarking: When a watermark fails to be detected even after the slightest modifications, the scheme 

of watermarking is known as fragile watermarking. These are used for tamper detection.  

-Semi fragile Watermarking: When a digital watermarking resists benign transformations, but fails its detection 

after the transformations. 

-Robust Watermarking: A digital watermarking scheme is called robust if it can resists a designated class of 

transformations.  

On the basis of Perceptibility 

-Imperceptible: When the original cover image and the marked signal are perceptually indistinguishable, the 

watermarking scheme is known as imperceptible watermarking 

-Perceptible: When the presence of the watermark can be noticed, the watermarking scheme is known as 

perceptible.  

On the basis of Capacity 

-Zero Bit Long Watermarking: When the message os conceptually with the length of zero bit and is designed to 

detect whether the watermark is present or absent over the marked object, the watermarking scheme is known as 

zero bit long watermarking. This is also known as 1 bit scheme because the value 1 denotes the presence of the 

watermark and the value 0 denotes the absence of the watermark.  

-Non zero bit watermarking: in this scheme unlike the above mentioned scheme, the message is n bit long strem. 

On the basis of Embedding method 

-Spread Spectrum: If the marked signal is obtained by an addition modification, watermarking scheme is known 

as Spread spectrum watermarking. They are more robust but have low information capacity. 

-Quantization Type: If the digital marked signal is obtained by the process of quantization, watermarking is 

known quantization type. It has low robustness but high information capacity. 

-AM Watermarking: When the mark signal is obtained by additive modification which is similar to the spread 

spectrum watermarking method but is embedded in the spatial domain. 

B. DIGITAL WATERMARKING VS OTHER TECHNIQUES 

The main basic difference between the digital  watermarking  and the other  technologies are [30][31][32]: 

i. The encryption watermarking is imperceptible, so, the image will not be detracting from the aesthetic 

sense. 

ii. If the works are displayed, or converted into any other file formats, the watermarks will not be 

eliminated anymore. 

iii. The watermark have exactly the same information, as information of transformation. 

iv. A wide variety of techniques have been proposed,  but it is very complex to measure their quality.  

 

C. APPLICATIONS OF DIGITAL WATERMARKING 

There are various applications of digital watermarking. Some of them are following [33][34]: 

i. Protection of copyrights 

ii. Source tracking 

iii. Monitoring Broadcast  

iv. Video authentication 

 

IV. ALGORITHM AND SIMULATION 

In addition, algorithm is partitioned into couples of  ways; watermark embedding algorithm, and the watermark 

extractions algorithm. The watermarking embedding is composed of 3 steps: 

- Processing Key 

- Embedded algorithm 
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- Watermarked pre-processing 

Same way the extractions are also composed of 3 steps: 

- Processing Key 

- Algorithm Extraction 

- Inverse watermark transformation 

The above steps will be implemented in an Image Processing Tool known as MATLAB. Coding and Simulation 

will be done according to the MATLAB syntax. For the ease of understanding we are mentioning the step wise 

working of LSB Watermarking Scheme. 

  Step 1:- Read cover object (image) you want to use for Watermarking. 

  Step 2:- Read the message image (Data) you want to hide in the cover image. 

  Step 3:- Spread the images value on 256 gray-scale (for better efficiency). 

  Step 4:- Determined the size of the cover image and message object used for Watermarking. 

  Step 5:- Set the LSB of cover object to the value of the MSB of watermark. 

  Step 6:- add noise to watermarked image. 

  Step 7:- write to file the two images. 

  Step 8:- use LSB of watermarked image to recover watermark. 

  Step 9:- scale the recovered watermark. 

  Step 10:- scale and display recovered watermark. 

The simulation has been performed on MATLAB. We took 2 images, one is the cover image and other one is 

the watermark. Our aim is to hide the watermark inside a cover image. The Figure 2 is the cover image and 

figure 3 is showing its histogram. The figure 4 is our watermark image which we want to hide in cover image 

i.e. figure 4 is to be hidden in figure 2 

 
Figure 2 Cover Image 

We took 2 images, one is the cover image and other one is the watermark. Our aim is to hide the watermark 

inside a cover image. The Figure 2 is the cover image and figure 3 is showing its histogram. The figure 4 is our 

watermark image which we want to hide in cover image i.e. figure 4 is to be hidden in figure 2. 

 
Figure 3 Histogram of the Cover Image  

Figure 4 Watermark Image 

The outcome of the LSB invisible image watermark algorithm is the figure 5 which is the watermarked image 

i.e. image in the figure 4 has been properly inserted in the image in figure 2. In the figure 5 i.e. the watermarked 

image we cannot see any watermark or the presence of watermark, this is because we are working on invisible 
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image watermarking, however in image i.e. visible image watermarking, watermark was clearly shown in the 

image that also degrades the quality of the image. 

On looking at figure 2 and figure 5 together, there seems no difference as such. Normal human vision may not 

be able to recognize that the image has been watermarked, however if we look in to the histogram of the same 

image which is shown in figure 6, we can see the differences clearly. 

 
Figure 5 Watermarked Image 

 
Figure 6 Histogram of the Watermarked Image

 

On comparison of histogram in figure 2 and figure 6 of figure 2 and figure 5 respectively only we can show the 

differences between watermarked and non-watermarked images. 

 
Figure 7 Received watermarked Image at the destination (noisy) 

The above is the received image at the destination with the addition of noise as it occurs in communication 

channel and below is the recovered watermarked image. 

 
Figure 8 Recovered Watermark in Binary Form 
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V. CONCLUSION 
Digital Image Watermarking is a new and merging area of research. A large variety of watermarking techniques 

is currently available in the literature.  It mainly deals with adding hidden messages or copyright notices in 

digital image. These watermarks, however, are not perfect and more could be done to improve a watermark’s 

robustness or accuracy in detection. This paper shows the stepwise process of invisible image watermarking 

which will be easy to understand whoever read this and will serve as a base paper for understanding the concept 

for the new researchers. There are lots of other technologies for Digital Image watermarking which will be 

discussed in future works 

 

REFERENCES 
[1] B B Zaidan, A.A Zaidan, A.K. Al-Frajat and H.A. Jalab, “On the Differences between Hiding Information and Cryptography 

Techniques: An Overview”, Journal of Applied Sciences 10(15): 1650-1655, 2010  

[2] Domenico Bloisi and Luca Iocchi, “Image Based Steganography and Cryptography”, Sapienza University of Rome, Italy.  
[3] Stefan Katznbeisser, Fabien.A., P.Petitcolas editors, Information Hiding Techniques for Steganography and Digital 

Watermarking, Artech House, Boston. London, 2000 

[4] G., Derrick, (2001), Data watermarking Steganography and watermarking of digital data, Computer Law & Security Report, 17 
(2), 101-104. 

[5] M.  M.  Yeung  and  F.  Mintzer,  “An  invisible  watermarking  technique  for  image verification,” in Proceedings of ICIP, 

(Santa Barbara, CA), October 1997. 
[6] P.  W.  Wong,  “A  watermark  for  image  integrity  and  ownership  verification,”  in Proceedings of Ist PIC Conference, 

(Portland, OR), May 1998. 

[7] X. M. Niu, M. Schmucker, C. Busch. Video Watermarking Resisting to Rotation, Scaling and Translation.  Proceedings  of the 
SPIE     Security and  Watermarking  of Multimedia Contents IV, San Jose, CA, USA.  

[8] J.  Dittmann,  P.  Wohlmacher,  K.  Nahrstedt,  ”Approaches  to  Multimedia  and  Security: Cryptographic and watermarking 
algorithms”, unpublished, Villacherstrasse, USA. 

[9] Y.  Zhang,  “Digital  Watermarking  Technology:  A  Review”,  2009  ETP International Conference on Future Computer and 

Communication, Jiangsu, China. 
[10]  Jeremy Kepner. Parallel MATLAB for Multicore and Multinode Computers. SIAM, 2009. 

[11] James W. Demmel. Applied Numerical Linear Algebra. SIAM, 1997. 

 
[12] Durand, F., Dorsey, J.: Fast bilateral filtering for the display of high-dynamic-range images. SIGGRAPH (2002). 

[13] Itawadiya, A. K.., Mahle, R., Patel, V., Kumar D., “Design a DSP operation using Vedic Mathematics”, IEEE International 

Conference on Communication and Signal Processing, 3-5 April, 2003. 
[14] Artz, D, „Digital Steganography: Hiding data within Data‟, IEEE Internet Computing, May/June 2001. 

[15] Neal Koblitz “A Course in Number Theory and Cryptography” Second Edition Published by Springer-Verlag 

[16] L. Reyzen And S. Russell , “More efficient provably secure Steganography” 2007. 
[17] Doron Shaked, Nur Arad, Andrew Fitzhugh, Irwin Sobel, “Color Diffusion: Error Diffusion for Color Halftones”, HP 

Laboratories Israel, May 1999. 

[18] N . Provos and P. Honeyman, “Hide and Seek: An introduction to Steganography,” IEEE Security & Privacy Journal 2003. 
[19] Steven W. Smith , The Scientist and Engineer's Guide to Digital Signal Processing  

[20] R. Gennaro, S.Jarecki, H. Krawczyk, and T. Rabin. Robust threshold dss signatures.Inf. Comput., 164(1):54{84, 2001. 

[21] Zhang, X. & Wang, S. Efficient steganographic embedding by exploiting modification direction. IEEECommunications Letters, 
2006, 10(11), 781-83. 

[22] Cheng, Z.; Kim, Se-Min &Yoo, Kee-Young. A new steganography scheme based on an index-colour image.In the 6th 

International Conference on Information Technology: New Generations, Las Vegas, Nevada, 2009, pp. 376-81. 
[23] Younes, Mohammad Ali Bani & Jantan, A. A new steganography approach for image encryption exchange by using the least 

significant bit insertion. Inter. J. Comp. Sci. Network Security, 2008, 8(6), 247-254. 

[24] Anderson, Ross J. and Fabien A. P. Petitcolas. “On The Limits of Steganography.” Special Issue on Copyright & Privacy 
Protection. IEEE Journal of Selected Areas in Communications 16.4 (1998): 474-481. 

[25] Marvel, L.M., Boncelet Jr., C.G. & Retter, C., “Spread Spectrum Steganography”, IEEE Transactions on image processing, :08, 

1999 
[26] Dunbar, B., “Steganographic techniques and their use in an Open-Systems environment”, SANS Institute, January 2002 [8] Artz, 

D., “Digital Steganography: Hiding 

[27] K. S. Babu, K. B. Raja, K. Kiran Kumar, T. H. Manjula Devi, K. R. Venugopal and L. M. Pataki, “Authentication of secret 
information in image steganography”, IEEE Region 10 Conference, TENCON-2008, (2008) November, pp. 1-6. 

[28] H. Motameni, M. Norouzi, M. Jahandar and A. Hatami, “Labeling Method in Steganography”, World Academy of Science, 

Engineering and Technology, France, (2007). 
[29] DarshanaMistry “Comparison of Digital Water Marking methods”(IJCSE) International Journal on Computer Science and 

EngineeringVol. 02, No. 09, 2010, 2905-2909. 

[30] Cox, Miller and Bloom, “Digital watermarking”, 1st edition 2001, San Fransisco: Morgan Kaufmann Publisher. 



International Association of Scientific Innovation and Research (IASIR) 
(An Association Unifying the Sciences, Engineering, and Applied Research) 

 

               International Journal of Emerging Technologies in Computational 

and Applied Sciences (IJETCAS) 

www.iasir.net  

 

IJETCAS 15-317; © 2015, IJETCAS All Rights Reserved                                                                                                                    Page 53 

ISSN (Print): 2279-0047  

ISSN (Online): 2279-0055 

 

A Progressive Software Project Management Maturity Model (PSPM
3
) for 

GCC countries  
1
Akrati Koul, 

2
Dr. Sushila Madan  

1
CSE Department, Assistant Professor, Waljat College of Applied Science, Muscat, Sultanate of Oman 

2
CSE Department, Associate Professor, Lady Sri Ram College, New Delhi, India  

 

Abstract: Software project management is a field of paramount importance as billions of dollars are lost each 

year due to project failure. It plays a vital role in any IT company. Many universal project management 

methodologies and procedures are in place. It has been noted that there are some developing countries where 

traditional software project management aspects are irrelevant. The scope of this research is an instance of the 

Gulf Cooperation Council (GCC) countries. A customized software project management maturity model has 

been proposed to provide a complete solution for all the problems faced by the IT projects in these countries. A 

couple of surveys conducted in GCC evaluate the need for an indigenous software project management 

methodology as well as lead to finalization of the key process areas (KPAs) that need to be incorporated in the 

proposed project management model(PSPM
3
). PSPM

3
 is an outcome of the response received by software 

professionals and project managers.PSPM3provides us with a basic, flexible and significant approach for the 

management of software projects across GCC. In particular, PSPM
3
emphasizes on the key aspects of economic, 

cultural, social, legal, political impacts those are of huge significance while rating the success factors for the 

software projects. The model is simple, robust and easy to follow. 

 

Keywords: Software Project Management; Maturity Model; Key Process Areas, Gulf Cooperation Council, 

PSPM
3
-

 
Progressive Software Project Management Maturity Model 

 

I.  Introduction 

The concept of projects is not new. History has proven records that the projects like The Egyptian Pyramids, The 

Great Wall of China are very successful deliverables showcasing the highest level of intricacy and meticulous 

project management methodology. According to Jason (2003), “A Project management methodology can also be 

defined as a process that documents a series of steps and procedures to bring about the successful completion of a 

project [1]”.Many universal project management methodologies and procedures are in place. The concepts of 

project management put forward by western world are not universally applicable.  

It has been noted that there is another part of the globe where traditional software project management aspects are 

irrelevant. One such instance is the Gulf Cooperation Council (GCC). GCC is a political and economic union of 

the Arab states bordering the Persian Gulf and located on or near the Arabian Peninsula, 

namely Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates[2]. 

The software industry in GCC is growing rapidly. Many foreign software companies like Infosys and Accenture 

have opened branches in different GCC countries. These companies have expertise in software project 

development and management. Common project management methodologies like Capability Maturity Model 

Integration (CMMI), Project Management Body of Knowledge (PMBOK®), Projects integrating Sustainable 

Methods (PRiSM), PRINCE 2® have not been widely accepted by GCC software development companies. In 

fact, some of these companies lack in following any of the formal project management methodologies.  

The solution to all the problems mentioned above is to develop a customized software project management 

methodology / model that can cater the challenges faced by the software projects in GCC countries. The proposed 

research is significant in terms of its usability in the project management in these countries. The successful 

implementation of the proposed model can help the software project success rate to improve tremendously. This 

can work as a catalyst to improve the country’s economy, hence adding value to the overall world economy.  

 

II. Traditional project management methodologies/models/standards 

The evidence of project management dates back to the Egyptian Pyramids (2500 B.C.) and [3] Great Wall of 

China (221 - 206 B.C.). The software industry saw a major boom in 1980.The various existing project 

management methodologies are explained below: 

 PMBOK is a simple process model for project management. It takes care of the procurement management 

aspects of the project. It also identifies the need for human resource management and acquisition of team 

members with adequate soft skills [6]. However, PMBOK does not cater the features of configuration 

management and change control.  

http://en.wikipedia.org/wiki/Arab
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 Euro method focuses majorly at the contractual level of the project management. It provides a realistic 

approach towards decision making. However, the voluminous size of the documentation is a pitfall. Also, the 

name itself discourages the companies outside the European Countries to use it. The name in itself sounds 

that it has been developed keeping in mind the European standards of project management [7]. Due to this 

reason, the name has been changed to Information Services Procurement Library. 

 BS6079:1996 guidelines have been developed to suffice the requirements of small to medium sized 

companies. Finance Management and control has been the focal point under these guidelines [8]. However, it 

is intended to help the engineering companies in general rather than the IT companies in particular. 

 ISO 12207 is an international standard for software lifecycle processes, their development and maintenance. 

The standard constitutes of 23 Processes, 95 Activities, 325 Tasks and 224 Outcomes [9]. However, it does 

not specify how to perform the activities and the tasks related to the processes. Moreover, the sheer size of 

the documentation in itself is a drawback. This standard is useful in the larger arenas where project 

management activities play a vital role during the overall costing of the project. For smaller projects, to 

implement this standard in itself is a tedious task. 

 

III. Evaluation of Software Project Management Maturity in GCC countries 

A software project management maturity model is a good perspective from which one can determine the 

process framework. If an organization adopts the framework with conviction and implements it appropriately, 

then the organization can achieve highest level of maturity in no time. It has been proven that there is a direct 

connection between software project management maturity and the success/ failure of an organization [10].  

Also, a relation between maturity and success was proven by Sonnekus and Labuschagne (2004). That is why, 

it is advisable to maintain the maturity level of an organization and strive for the improvement of the same as 

that will directly impact the success rate of that sector. 

An exercise was carried out by Sonnekus and Labuschagne (2004) in the South Africa [10] by distributing 

questionnaires to IT companies to evaluate their project management maturity level. Similar survey has been 

carried out in GCC countries to understand the level of project management maturity. 

A. Research Methodology 

Data collection was carried out during 2014 by issuing questionnaires to companies involved in software 

development in GCC. The companies were selected as per list of companies registered in GCC and published on 

the Website of directory of gulf network [11]. 

B.  Analysis of Survey Data 

   The following twelve knowledge areas were framed for software development projects: 

 

 Integration management. 

 Scope management. 

 Time management. 

 Cost management. 

 Quality management. 

 Human resource management. 

 Communications management. 

 Risk management. 

 Procurement management. 

 Configuration management. 

 Defect Prevention 

 Security management. 

The above knowledge areas were mapped onto five maturity levels based on the trend in most of the globally 

recognized project management maturity models.  

The description of all the maturity levels was provided in the first section of the questionnaire and the respondents 

were requested to judge the overall maturity of the organizations based on that.  An average value was calculated 

to acquire the maturity level of GCC software development organizations. Also, the maturity level of each 

knowledge area was calculated individually to analyse the strong and weak areas in the field of software 

development. An average value was computed from the results. It was observed that there was a minor 

overestimation by companies/individuals in the assessment of maturity levels.   

C. Maturity Level by Process Groups 

Each knowledge area was subdivided into a number of processes and was mapped onto the basic five process 

groups:  

 Initiating 

 Planning 

 Executing 
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 Controlling 

 Closing 

The data so collected were further analysed and the results are summarized below: 

 

Table I Average maturity levels by process groups 
Knowledge areas and processes Initiating Planning Executing Controlling Closing 

Integration Management      

Plan Development  2.85    

Plan Execution   2.75   

Integrated Change Control    2.13  

Scope Management      

Initiation 3.29     

Scope Planning  3.29    

Scope Definition  2.96    

Scope Verification              2.79  

Scope Change Control              2.21  

Time Management      

Activity Definition  3.13    

Activity Sequencing  2.75    

Activity Duration Estimating  2.96    

Schedule Development  2.58    

Schedule Control    2.06  

Cost Management      

Resource Planning  3.48    

Cost Estimating  3.46    

Cost Budgeting  3.29    

Cost Control    2.54  

Quality Management      

Quality Planning  2.92    

Quality Assurance   2.46   

Quality Control    2.50  

Human Resource Management      

Organizational Planning  3.38    

Staff Acquisition  3.00    

Team Development   2.88   

Communications Management      

Communications Planning  3.33    

Information Distribution   3.13   

Performance Reporting    3.00  

Administrative Closure             2.96 

Risk Management      

Risk Identification         2.46    

Risk Quantification   2.42   

Risk Response Development   1.75   

Risk Response Control    1.79  

Procurement Management      

Procurement Planning  3.17    

Solicitation Planning  2.88    

Solicitation   3.13   

Source Selection   2.63   

Contract Administration    3.04  

Contract Closeout     2.54 

Configuration Management      

Configuration Planning  2.67    

Quantitative Configuration Analysis   2.50   

Configuration Control    2.13  

Project Defect Prevention      

Plan Defect Prevention  2.46    

Causal Analysis   1.92   

Defect Elimination and Control    1.79  

Project Security Management      

Plan Security Management  2.46    

Security Response Development   1.96   

Security Response Control    1.67  

Average for each process group 3.29 2.97 2.50 2.30 2.75 

 

Almost all the process groups attained an average maturity level between 2 and 3 (last row of table I), other than 

initiation process group that achieved maturity level closer to initial range of 3. Therefore, it can be stated that 

GCC software development companies emphasize the most on the Initiation phase, which involves formal 
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announcement of the project, nomination of the project manager and kick off for the project.   

The survey result show that the GCC software development companies deal with factors like culture, politics, 

gender, climate, legal and economy at  maturity level 2. Progress to the next level (Level 3) would certainly be 

desirable. 

D. Ladder towards the development of PSPM
3
 

It was identified that the proposed maturity model should be framed with a maximum of three (1 to 3) maturity 

levels. A set of continuous improvement process areas were also identified.  All the key process areas were 

categorized into various maturity levels. 

 

Table II Classification of Key Process Areas for PSPM
3
 

 

Respondents classification of KPAs at the 

different levels Total no of 

respondents 

Percentage 

response 
Level 1 Level 2 Level 3 Progressive 

Key Process 

Area 
Integration Management 

 
3 2 4 5 1

4 
100% 

Scope Management 7 1 1 5 1

4 
100% 

Time Management 8 2 0 4 1

4 
100% 

Cost Management 9 2 0 3 1
4 

100% 

Quality Management 4 6 2 1 1

3 
93% 

Human resource 

Management 
3 2 2 7 

1
4 

100% 

Communication Management 3 5 2 3 1

3 
93% 

Risk Management 3 6 2 3 1

4 
100% 

Procurement Management 2 3 7 1 1

3 
93% 

Configuration Management 3 4 6 1 1

4 
100% 

Defect Prevention 2 2 6 4 1
4 

100% 

Security Management 4 3 1 6 1

4 
100% 

Environmental 

Management 

11 out of 14 respondents mentioned that a KPA is essential that 

can take care of economic, cultural, political aspects of 

project management. 

  79% 

 

IV. Progressive Software Project Management Maturity Model (PSPM
3 
)– The Model  

PSPM
3
- the name in itself suggests that the proposed model strives to progress continuously to attain the project 

management maturity. Based on the combined survey and interviews conducted by Koul et al, and considering 

the preference of the companies in developing countries like GCC, it seems to be appropriate to have a maturity 

model with three levels.  

The conceptual framework of the proposed model adopts the structure of a cone. At the apex of the cone, lies the 

level 0. This is the initial level where the organizations are considered to be immature with no processes or key 

process areas in place. Software development is carried out in ad-hoc manner at this level. The level 1, level 2 and 

level 3 KPAs are represented as sectors on the concentric base of the cone structure. 

The progressive key process area group spans over all the maturity levels of PSPM
3
. Since, many key process 

areas are identified that have a relevance at all the three maturity levels, they are placed together and represented 

as progressive key process area group. 

Fig I Conceptual Representation of Progressive Software Project Management Maturity Model 

(PSPM
3
) 

 



Akrati Koul et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 12(1), March-May, 2015, pp. 

53-57 

 

IJETCAS 15-317; © 2015, IJETCAS All Rights Reserved                                                                                                                      Page 57 

V. Conclusion 

The main focus of this chapter was to find out the problems faced by the GCC nations in the field of information 

technology and also various obstacles that come across in delivering successful software solutions. GCC nations 

are steadily rising up global ICT rankings that indicate how well each country’s economy is positioned to grow 

and benefit from the oncoming wave of the knowledge economy, ‘Smart City’ initiatives and tech innovations 

Therefore, software project management is believed to play a key role in the development of the software 

deliverables. A detailed research done earlier has confirmed time and again that the traditional software project 

management maturity models that exist are not suitable for developing countries in general [4]. This was 

reconfirmed by the survey that was conducted by Koul et al (2014).The response of the survey affirmed that 

there is a need to develop a native software project management maturity model for GCC countries. PSPM
3
 is 

an outcome of the response received by software professionals and project managers. 

PSPM
3 

provides us with a basic, flexible and significant approach for the management of software projects 

across GCC. It demonstrates a progressive improvement structure that is required to result in successful IT 

projects. The strengths and weaknesses of software projects have been kept in mind while framing the various 

KPAs.It consists of a total of 9 KPAs at three different levels and a set of progressive key process area group.  

In particular, PSPM
3
emphasizes on the key aspects of economic, cultural, social, legal, political impacts that are 

of huge significance while rating the success factors for the software projects. The model is simple, robust and 

easy to follow.  
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Abstract: In this paper, we made a comprehensive study to evaluate the performance of LDPC encoded SC-

FDMA Wireless Communication System   on secure color image signal transmission. The 4-by-4multi antenna 

supported SC-FDMA system incorporates various signal detection   techniques such as Minimum mean square 

error (MMSE), Zero-Forcing (ZF), Zero-Forcing successive interference cancellation (ZF-SIC) Minimum mean 

square error successive interference cancellation (MMSE-SIC) and digital modulation schemes such as QPSK, 

QAM and DQPSK. It is observable from MATLAB based simulations that the system shows quite satisfactory 

and robust performance under scenario of ZF-SIC signal detection   and QAM digital modulation schemes. 

 Keywords: SC-FDMA, LDPC, Signal detection scheme, SNR, D-BLAST  

__________________________________________________________________________________________ 

 

I. Introduction 

Over the last two decades, a significant expansion in mobile and cellular technologies is observable to meet up 

the increasing demand for high data rate transmissions. Single-carrier frequency division multiple access (SC-

FDMA), a modified form of orthogonal frequency division multiple access (OFDMA), has been adopted as the 

uplink physical layer radio access technique for the 3GPP Long Term Evolution (LTE) and  4G LTE-Advanced. 

The SC-FDMA system has attracted much attention due to its low PAPR   with exploitation of advantage of the 

OFDMA system in combination with DFT spreading prior to the OFDMA modulation stage. The main 

advantages of the SC-FDMA system are that the envelope fluctuations are less pronounced and the power 

efficiency is higher than that of the OFDMA system. The wireless communication systems equipped with 

multiple transmitting and receiving antennas in perspective of SC-FDMA Implementation and cooperative 

systems is a very promising way to achieve large spectrum efficiency and capacity of mobile communication 

systems [1],[2]. 

The use of multiple input multiple output (MIMO) technique with utilization of multiple transmit and receive 

antennas are adopted in various Commercial wireless standards such as IEEE 802.11n (WiFi), IEEE 802.16e 

(WiMAX), HSPA+ (Enhanced HSPA), LTE (3.9G), LTE-Advanced (4G) and 802.11ac (Enhanced 802.11n). 

Such standards incorporate different types of multi-antenna techniques such as Alamouti space-time coding for 

transmit diversity, Eigen beam forming spatial multiplexing, BLAST spatial multiplexing architectures, 

Conventional beam and null forming and Conventional receive diversity. Under BLAST spatial 

multiplexing(SM) architectures, three Bell Laboratory layered space-time (BLAST) SM techniques have been 

known as: Vertical BLAST (V-BLAST), Horizontal BLAST (H-BLAST) and Diagonal BLAST (D-BLAST) 

[3],[4]. The present study investigates the performance of D-BLAST architecture with 4 x 4 antenna 

configuration for a LDPC encoded SC-FDMA wireless communication system on secure color image 

transmission  . 

II. Review of Signal Processing Techniques 

We assumed that the  color image  is preprocessed in channel coding, interleaving, digital modulation, time 

domain to frequency domain and frequency domain  to time domain  signaling,  spatial multiplexing(SM) 

encoding  prior to transmission through a  MIMO fading channel. The received signal Y C
4 

243324
 
  in terms 

of channel matrix H C
4 4

, transmitted signal X C
4 60831

 and additive white Gaussian noise (AWGN) N  C
4 

243324 with a variance of n
2
   can be written as 

Y=HX +N                                                                                                                 (1) 

In Minimum mean square error (MMSE) based signal detection scheme, the MMSE weight matrix is given by 

H
HInH

H
H

MMSE
W

1
)

2
(


        

(2) 
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Where (.)
H
 denotes the Hermitian transpose operation and the detected desired signal MMSEX

~
 C

4 60831
   from 

the transmitting antenna is given by  

Y
MMSE

W
MMSE

X 
~

       
(3) 

 

In Zero-Forcing (ZF) signal detection scheme, the ZF weight matrix is given by 

HHHHHZFW 1)(         )4(
 

and the detected desired signal  ZFX
~

  C
4 60831 

   from the transmitting antenna is given by  

YZFWZFX 
~

        (5)
 

In Zero-Forcing successive interference cancellation(ZF-SIC)  signal detection scheme, the channel matrix H is  

decomposed into a  4×4 orthogonal matrix  Q and  a  4×4   upper triangular matrix  R   and  Equation (1)  is 

multiplied with Q
T
  to provide a  modified form of received signal Y  C

4 
243324

 
    as: 

Y = Q
T
Y=Q

T
HX+Q

T
N=RX+ Q

T
N = RX+ N                                                      (6) 

 

In Equation (6), Q
T
N is denoted by N as the statistical properties of both component are identical. Neglecting 

noise component and considering a single  time slot, the  transmitted four signals  
3

~
,

2

~
,

1

~
XXX and 

4

~
X in 

terms of  four received signals 1Y , 2Y , 3Y  and 4Y  and the   components of matrix R are estimated from  

solving the  following matrix equation  
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In Minimum mean square error successive interference cancellation(MMSE-SIC)  scheme, the  extended   8×4    

channel  matrix Ĥ  and  the extended  8 ×243324   received signal Ŷ    in terms of  4×4  identity  and  

4×243324  null matrices   are  given by  

 

Ĥ =



















 44

2 )( I
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n
                                                                     (9)
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243324

ˆ

40

Y
Y

                                                                                           (10) 

on QR decomposition of  Ĥ , a  8×8    orthogonal matrix Q̂   and  a  8×4   upper triangular matrix  R̂  are 

produced. Equation (14) is multiplied with  
T

Q̂   to provide a modified form of received signal Y
ˆ̂
   C 

8 

×243324
  with neglected noise component      

Y
ˆ̂

= 
T

Q̂ Ŷ = XRXHQ
T ˆ̂ˆˆ 

                                                  
(11) 

Considering a single time slot, the transmitted four signals 
3

ˆ̂
,

2

ˆ̂
,

1

ˆ̂
XXX and 

4

ˆ̂
X in terms of four received 

signals 1

ˆ̂
Y , 2

ˆ̂
Y , 3

ˆ̂
Y  and 4

ˆ̂
Y ( First through Fourth rows of Y

ˆ̂
and neglecting other 
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row data) and the   components of matrix R
ˆ̂

  in first through fourth row) can be obtained from a matrix 

equation as: 
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Using identical formulas presented in Equation (8), the transmitted signals are detected [5],[6]. 

 

III. System Description 

A simulated single -user 4 x 4 D-BLAST spatially multiplexed  LDPC encoded  SC-FDMA Wireless 

Communication System as depicted in Figure 1 utilizes various  signal detection schemes. . In such a 

communication system, a color image is encrypted with Chaos-Based Image Encryption Scheme [7].   

 

 
Figure 1: Conceptual Block diagtram of   D-BLAST aided LDPC encoded SC-FDMA Wireless 

Communication System 
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The encrypted data are channel encoded using low density parity check coding technique [8],[9] and interleaved 

for minimization of burst errors. The interleaved bits are digitally modulated using various types of digital 

modulations and spatially multiplexed using D-BLAST scheme to produce four independent data streams. Each  

data stream are serial to parallel converted, DFT-spreaded/precoded for  enabling a low PAPR and subsequently  

subcarriers are mapped prior to OFDM modulation. The modulated complex symbols are cyclically prefixed, 

parallel to serial converted and transmitted. In receiving section, the  transmitted signals are detected and 

processed cyclic prefix removal,  serial to parallel conversion, , OFDM demodulation, subcarrier demapping, 

DFT-despreaded/decoded, parallel to serial conversion and  subsequently spatially demultiplexed under  D-

BLAST scheme. The demultiplexed data are digitally demodulated, deinterleaved, channel decoded and 

decrypted to recover the transmitted color image [10],[11].  

 

IV. Result and Discussion 

In this section, a series of simulation results have been presented graphically to illustrate the significant impact 

of various signal detection and merely LDPC channel coding techniques on reliable extraction of color image 

from a noisy and distortion producing channel. The simulation study has been made using   MATLAB 2014a   

based on the parameters given in Table 1. In Figure 2, it is obserable that the system performance is well defined 

and quite satisfactory under consideration of ZF-SIC signal detection and QAM digital modulation schemes. At 

a typical signal to noise ratio( SNR)  value of 1dB, the estimated BER values are  0.0467, 0.049, 0.0236 and 

0.0465 in case of  MMSE,ZF, ZF-SIC and MMSE-SIC  signal detection  viz. the   system performance  

improvements are 2.964049 dB, 2.793343 dB and  2.945409 dB respectively  in  ZF-SIC  as compared to  

MMSE,ZF and MMSE-SIC. In case of identical signal and noise power, the rate of noise contamination in terms 

of bit error rate is 11.11 %. for QAM and ZF-SIC. In Figure3, it is noticeable that the system performance is 

almost identical in QPSK digital modulation. 

 

Table 1 Summary of the Simulated Model Parameters 

Data type Color image: 96 × 96× 3 pixels  

Channel coding ½.-rated irregular LDPC 

No of  complex modulated symbols  in 

OFDM block  
2048 

No of  complex modulated symbols  in 

DFT-spreading/precoding  
64 

Size of  parity-check matrix used in LDPC 

coding 
64 × 128 

Length of Cyclic prefixing in number of 
complex symbols 

205 

LDPC decoding Algorithm Log  Domain Sum-Product 

Data Modulation QPSK, DQPSK and QAM 

Signal detection 

Minimum-mean-square-error(MMSE)  , Zero-Forcing (ZF), Zero-Forcing successive 

interference cancellation(ZF-SIC)  and Minimum mean square error successive 

interference cancellation(MMSE-SIC) 

Channel AWGN and Rayleigh   

Signal to noise ratio, SNR  0 dB- 5 dB 

 

and other signal detection schemes. At zero dB, the   noise contamination in terms of bit error rate is 15.00 % for 

QPSK and ZF-SIC which is comparatively greater than the case of QAM and ZF-SIC adaptation. In Figure 4, 

the performance gap between different signal detection scheme and DQPSK modulation is almost negligible. In 

DQPSK, the system performance has been detected to be a worst case as compared to other QAM and QPSK.  

At 0dB, the   noise contamination in terms of bit error rate is found to have a value of 25.89 % for DQPSK and 

ZF-SIC which is significantly high. In Figure 5, the transmitted, encrypted and retrieved images have been 

presented under consideration of a typically assumed SNR value of 5dB. The estimated bit error rate is zero and 

image retrieval with transmitted image encryption are quite satisfactory. In Figure 6, the histograms of RGB to 

Gray converted transmitted, encrypted and retrieved color images at SNR value of 5dB have been presented. It 

is quite evident from the presented histograms that the transmitted and retrieved image is highly correlated and 

the encrypted image is highly uncorrelated with other images. The majority of the pixels have their grayscale 

values ranging from 80 -200 in case of transmitted and retrieved   images. In case of gray converted encrypted 

image, a wide distribution of pixel values ranging from 5-250 is noticeable. In Figure 7, 3-dimensional shaded 

surface with contour plot for RGB to Gray converted   transmitted, encrypted and retrieved images  are shown 

which ratifies that  the presently considered  simulated system  is quite  acceptable  for secure data transmission. 
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Figure 2: BER performance of  a  D-BLAST aided  LDPC encoded  SC-FDMA Wireless Communication 

System  with implementation of various  signal detection and  QAM digital modulation scheme 

Figure 3: BER performance of  a  D-BLAST aided  LDPC encoded  SC-FDMA Wireless Communication 

System  with implementation of various  signal detection and  QPSK digital modulation scheme 

 
Figure 4: BER performance of a D-BLASTaided LDPC encoded SC-FDMA Wireless Communication 

System  with implementation of various  signal detection and  DQPSK digital modulation scheme 
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Figure 5: Pictorial views of transmitted , Encrypted and Retrieved  image in   a   simulated D-BLAST 

aided LDPC encoded SC-FDMA Wireless Communication 

 
Figure 6: Histograms  of transmitted, Encrypted and Retrieved image in a simulated D-BLAST aided 

LDPC encoded SC-FDMA Wireless Communication 

 

 
Figure 7: Three-dimensional shaded surface with Contour plot for  RGB to Gray converted   

Transmitted, Encrypted and Retrieved images in a simulated D-BLAST aided LDPC encoded SC-FDMA 

Wireless Communication for a SNR value of 5dB. 
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V. Conclusions 

In this paper, the performance of  LDPC encoded  SC-FDMA Wireless Communication System  has been 

investigated  using  D-BLAST Spatial multiplexing(SM) Encoding and  various signal detection techniques. The 

system performance results highlight the impact of various signal detection techniques on secure color image 

transmission. In the context of system performance, it can be concluded that the implementation of QAM digital 

modulation technique with deployment of ZF-SIC signal detection technique provides satisfactory result for 

such a LDPC encoded SC-FDMA wireless communication system. 
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Abstract: In communications and electronic engineering, a transmission line is a specialized cable or other 

structure designed to carry alternating current of radio frequency, that is, currents with a frequency high 

enough that their wave nature must be taken into account.  

Transmission lines are used for purposes such as connecting radio transmitters and receivers with 

their antennas, distributing cable television signals, trunklines routing calls between telephone switching 

centers, computer network connections, and high speed computer data buses. This paper explains about the 

practical types of transmission lines i.e Coaxial Line, Twin Lead, Micro Strip and CPW models are designed by 

using COMSOL Multyphysics software. 

 

Keywords: Transmission Lines; Coaxial Cable;  Microstrip; Strip Line; CPW, COMSOL Multyphysics 

I. Introduction 

Ordinary electrical cables suffice to carry low frequency alternating current (AC), such as mains power, which 

reverses direction 100 to 120 times per second, and audio signals. However, they cannot be used to carry 

currents in the radio frequency range or higher,
[1]

 which reverse direction millions to billions of times per 

second, because the energy tends to radiate off the cable as radio waves, causing power losses. Radio frequency 

currents also tend to reflect from discontinuities in the cable such as connectors and joints, and travel back down 

the cable toward the source.
[1][2]

 These reflections act as bottlenecks, preventing the signal power from reaching 

the destination. Transmission lines use specialized construction, and impedance matching, to carry 

electromagnetic signals with minimal reflections and power losses. The distinguishing feature of most 

transmission lines is that they have uniform cross sectional dimensions along their length, giving them a 

uniform impedance, called the characteristic impedance,
[2][3][4]

 to prevent reflections. Types of transmission line 

include parallel line (ladder line, twisted pair), coaxial cable, stripline, and microstrip.
[5][6]

 The higher the 

frequency of electromagnetic waves moving through a given cable or medium, the shorter the wavelength of the 

waves. Transmission lines become necessary when the length of the cable is longer than a significant fraction of 

the transmitted frequency's wavelength. 

 

At microwave frequencies and above, power losses in transmission lines become excessive, and waveguides are 

used instead,
[1]

 which function as "pipes" to confine and guide the electromagnetic waves.
[6]

 Some sources 

define waveguides as a type of transmission line;
[6]

 however, this article will not include them. At even higher 

frequencies, in the terahertz,infrared and light range, waveguides in turn become lossy, and optical methods, 

(such as lenses and mirrors), are used to guide electromagnetic waves.
[6]

 The theory of sound wave propagation 

is very similar mathematically to that of electromagnetic waves, so techniques from transmission line theory are 

also used to build structures to conduct acoustic waves; and these are called acoustic transmission lines. In 

many electric circuits, the length of the wires connecting the components can for the most part be ignored. That 

is, the voltage on the wire at a given time can be assumed to be the same at all points.  

 

II. Characteristics of transmission lines 

Transmission line: It has two conductors carrying current to support an EM wave, which is TEM or quasi-

TEM mode. For the TEM mode, HaZE nTEM


 ˆ , Ea

Z
H n

TEM


 ˆ

1
, and 




 TEMZ . 

The current and the EM wave have different characteristics. An EM wave propagates into different dielectric 

media, the partial reflection and the partial transmission will occur. And it obeys the following rules. 
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for perpendicular polarization (TE)                                for parallel polarization (TM) 
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Equivalent-circuit model of transmission line section: 
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Transmission line equations: In higher-frequency range, the transmission line model is utilized to analyze EM 

power flow. 
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III. Practical Types 

A. Coaxial Cable: 

Coaxial lines confine virtually all of the electromagnetic wave to the area inside the cable. Coaxial lines can 

therefore be bent and twisted (subject to limits) without negative effects, and they can be strapped to conductive 

supports without inducing unwanted currents in them. In radio-frequency applications up to a few gigahertz, the 

wave propagates in the transverse electric and magnetic mode (TEM) only, which means that the electric and 

magnetic fields are both perpendicular to the direction of propagation (the electric field is radial, and the 

magnetic field is circumferential). However, at frequencies for which the wavelength (in the dielectric) is 

significantly shorter than the circumference of the cable, transverse electric (TE) and transverse magnetic 

(TM) waveguide modes can also propagate. When more than one mode can exist, bends and other irregularities 

in the cable geometry can cause power to be transferred from one mode to another. The most common use for 

coaxial cables is for television and other signals with bandwidth of multiple megahertz. In the middle 20th 

century they carried long distance telephone connections. 

 

B. Microstrip: 

A microstrip circuit uses a thin flat conductor which is parallel to a ground plane. Microstrip can be made by 

having a strip of copper on one side of a printed circuit board (PCB) or ceramic substrate while the other side is 

a continuous ground plane. The width of the strip, the thickness of the insulating layer (PCB or ceramic) and 

the dielectric constant of the insulating layer determine the characteristic impedance. Microstrip is an open 

structure whereas coaxial cable is a closed structure. 

 

C. Stripline: 

A stripline circuit uses a flat strip of metal which is sandwiched between two parallel ground planes. The 

insulating material of the substrate forms a dielectric. The width of the strip, the thickness of the substrate and 

the relative permittivity of the substrate determine the characteristic impedance of the strip which is a 

transmission line. 

 

D. Balanced lines: 

A balanced line is a transmission line consisting of two conductors of the same type, and equal impedance to 

ground and other circuits. There are many formats of balanced lines, amongst the most common are twisted pair, 

star quad and twin-lead. 

 

E. Single-wire line: 

Unbalanced lines were formerly much used for telegraph transmission, but this form of communication has now 

fallen into disuse. Cables are similar to twisted pair in that many cores are bundled into the same cable but only 

one conductor is provided per circuit and there is no twisting. All the circuits on the same route use a common 

path for the return current (earth return). There is a power transmission version of single-wire earth return in use 

in many locations. 

IV. Design & Simulation Results by COMSOL 

A.  Coaxial Line: 
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B.  Twin Lead: 

   
 

 

C.  Micro Strip: 

   
 

D.  CPW: 

  
 

Spectifications: 

 

 Coaxial Line                  Twin Lead
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 Micro Strip:                  CPW: 

              
 

Field Animations: 

        
 

The above figures can represents the design models of Practicalk type transmission lines. Here the paper gives 

the technical specifications of individuals. 

V. Conclusion 

This paper concludes about the practical types of transmission lines i.e Coaxial Line, Twin Lead, Micro Strip 

and CPW models are designed by using COMSOL Multyphysics software. A transmission line is a specialized 

cable or other structure designed to carry alternating current of radio frequency. 
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_________________________________________________________________________________________ 

Abstract: In the present work an attempt has made to develop a novel predictive model that uses the historical 

climate data (rain, wind, speed, temperature, dew point etc.) for prediction. The present study describes how to 

use a data mining technique and how to develop a system that uses numeric historical data to forecast the 

climate of vindhya region. Cluster analysis can be used as a standalone data mining tool to gain insight into the 

data distribution, or as preprocessing steps for other data mining algorithms operating on the detected clusters.  

In this paper clusters are made by putting similar data into four groups. It is an unsupervised learning 

technique with the combination of various algorithms. Using k-means clustering algorithm we have developed 

clustering model for the training and test data set. The association between different climate attributes on the 

test data set i.e rainfall has been observed. The obtained cluster instances for the training data sets validate our 

model and clearly show the association of the climate attributes under taken on rainfall.  

Keywords: k-means, unsupervised learning, data distribution, forecast.  

__________________________________________________________________________________ 

 

I. Introduction: 

Climate forecasting is a way by which scientists are using to predict climate change. To produce these forecasts 

an extensive suite of computational forecasting tools have been developed including a multi model ensemble 

approach that required thorough validation of each motel's accuracy level in simulation inter-annual climate 

variability. The detection and analysis of predictive models is also part of statistics and machine learning
[1]

. The 

choice of the predictor and response variables is relatively open in the data mining application. Through a lot of 

work has been done in this field of climate informatics in which various seasonal climate attributes have been 

used to develop the predictive models, but still there is a need to develop more robust, accurate, reliable and 

efficient model for climate prediction
[2-3]

. An artificial neural network is a computing method inspired by 

structure of brains and nerves system. A typical neural network consists of a group of inter-connected 

processing units, which are also called neurons. Each neuron makes its independent computation based upon a 

weight sum of its inputs and passes the results to other neurons in an organized fashion
[4]

. A neural network is 

trained from training data set. This makes neural network a desirable tool in dealing with complex systems. 

The process of finding useful patterns and information from raw data is often known as knowledge discovery in 

database. Clustering analyses data objects without consulting a known class label. The unsupervised learning 

technique of clustering is a useful method for ascertaining trends and patterns in data, when there are no pre-

defined classes. There are two main types of clustering, hierarchical and partition. In hierarchical clustering, 

each data point is initially in its own cluster and then clusters are successively joined to create a clustering 

structure
[5-6]

. This is known as the agglomerative method. In partition clustering, the number of clusters must be 

known apriori. The partitioning is done by minimizing a measure of dissimilarity within each cluster and 

maximizing the dissimilarity between different clusters.  

 

II. K-Means Clustering  

Clusters are natural grouping of data items based on similarity metrics or probability density models. K-means 

algorithm organizes objects into k-partitions where each partition represents a cluster. It is a partition method 

which finds mutual exclusive clusters of spherical shape. It generates a specific number of disjoint, non-

hierarchical clusters.
[7] 

Clustering algorithms produces high quality clusters to yield lower inter cluster similarity 

a high intra cluster similarity. k-means algorithm achieve this on vast and highly structured data. But it has 

difficulties in handling unstructured natural data which often contain outlier data points. The efficiency of the 

algorithm has to be further tested on a comparatively larger data set.
[8] 

The outcome of the extracted data can be 

analyzed for the future planning and development perspectives.   

 

III. Data and Method of analysis 

The data used for this work was collected from the web (www.ipcc-data.org) and national climatic data center 

(NCDC) for vindhyan region. A monthly climate data for the period of 1901-2010 were collected and some data 

preprocessing has been applied in raw data sets. The flow chart for the proposed model is shown in the figure-1.  

http://www.iipc-data.org/


Shailendra Singh et al., International Journal of Emerging Technologies in Computational and Applied Sciences,12(1), March-may, 2015, 

pp. 70-72 

IJETCAS 15-320; © 2015, IJETCAS All Rights Reserved                                                                                                                    Page 71 

 
Fig. 1- Proposed model for prediction 

Technique/ algorithms for proposed model along with appropriate data set have been identified for the 

development of the proposed model. Extraction, transformation and cleaning of the data set for desired 

parameter or attributes have been performed. We start out with initial set of means and classify cases based on 

their distances on their centers. We compute the cluster means using the cases that are assigned to the clusters. 

Then we reclassify all cases based on the new test set of means. This step repeats until cluster means do not 

change between successive steps. Finally we calculate the means of cluster once again and assign the cases to 

their permanent cluster.
[9]

 

The data set were inputted in as per the k-means algorithms in the WEKA. We have received clusters centroieds 

for different attributes of the given data sets.  The cluster instances for the cluster 0 and cluster 1 can be viewed 

from the run information of the model.  

 

IV. Result and Discussion: 

In the present analysis we used clustering method for the climate prediction of vindhya region for longitude 

24.53
0
 N and Latitude 81.30

0
E. We have developed the model based on k-means algorithm. The data sets of the 

climate parameters have been inputted after preprocessing. The output of the model for full training set of 

rainfall show that the cluster instances for the cluster 1 and cluster 0 have 75% and 25% among the 11 attributes 

selected for the training data set of rainfall for the period of 1901-2010. The cluster centroids for the for the full 

data set cluster 0 and cluster 1 are given in the table-1. Now we have extended the method for testing data set, 

which contain four climates attribute as shown in the run information. The impact of the first three attributes on 

the rainfall is reported in terms of cluster instances values for the cluster 0 and cluster 1. We found that 67% 

instances of the full data set directly affect the rain. Our finding validate model for the prediction of climate.  

The run information of the k-means clustering from WEKA tool is for the reference.  

Clustering algorithms maps a new data item into one of several known clusters. K-means algorithm has biggest 

advantage of clustering large data sets and its performance increases as number of clusters increases. The k-

means is a widely used partitioned clustering method in the industries. The k-means algorithm is the most 

commonly used partitioned clustering algorithm because it can be easily implemented and is the most efficient 

one in terms of the execution time. 

V. Output 
Training Set Testing Set 

=== Run information === 

Scheme:       weka.clusterers.SimpleKMeans -N  
2 -A "weka.core.EuclideanDistance -R first-last" -I 500 -num-slots 

1 -S 10 

Relation:     rewa    Instances:    12   Attributes:   11 

Test mode:    evaluate on training data 

=== Clustering model (full training set) === 

k-Means 
====== 

Number of iterations: 4 

Within cluster sum of squared errors: 2.3427640507177223 
Missing values globally replaced with mean/mode 

Cluster centroids:                         

Attribute 

Full Data 

(12) 

Cluster 0 

(3) 

Cluster 1 

(9) 

1901-1910 81.835 271.1433 18.7322 

1911-1920 88.1692 269.15 27.8422 

1921-1930 92.3475 313.13 18.7533 

1931-1940 91.4292 290.0067 25.2367 

1941-1950 92.4367 304.6033 21.7144 

1951-1960 93.06 287.3267 28.3044 

1961-1970 88.8092 291.2833 21.3178 

1971-1980 90.31 278.3167 27.6411 

=== Run information === 

 
Scheme:       weka.clusterers.SimpleKMeans -N 

 2 -A "weka.core.EuclideanDistance -R first-last" -I 500 -num-slots 1 

-S 10 

Relation: TCVtoR  Instances:    12  Attributes:   4 

               Temperature 

               Cloude Cover 
               Vpressure 

               Rainfall 

Test mode: evaluate on training data 
=== Clustering model (full training set) === 

kMeans 

====== 
Number of iterations: 4 

Within cluster sum of squared errors: 1.4843695117982518 
Missing values globally replaced with mean/mode 

Cluster centroids: 

Attribute 

Full Data 

(12) 

Cluster 0 

(4) 

Cluster 1 

(8) 

Temperature 74.2117 193.935 14.35 

Cloude Cover 36.5117 62.5775 23.4787 

Vpressure 18.6817 29.9025 13.0712 

Rainfall 25.5483 29.4925 23.5762 

Time taken to build model (full training data) : 22 seconds 
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1981-1990 83.6083 255.3967 26.3456 

1991-2000 74.2117 224.54 24.1022 

2001-2010 87.6217 278.4897 23.999 

 
Time taken to build model (full training data) : 20 seconds 

=== Model and evaluation on training set === 

Clustered Instances 
0       3 ( 25%) 

1       9 ( 75%) 

=== Model and evaluation on training set === 

Clustered Instances 
 

0       4 ( 33%) 

1       8 ( 67%) 
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Abstract: In this paper, we propose a discrete-time SEIR epidemic model described by difference equations. The 

basic reproductive number 0R for the discrete SEIR model is computed and the dynamical behavior of the 

model is studied. The stability of both the disease-free and endemic equilibrium are derived. It is proved that the 

disease free equilibrium is asymptotically stable if 0 1R  . Numerical simulations are performed to illustrate 

the impact of threshold value on epidemic. 

 

Keywords: SEIR Model, Reproduction Number, Equilibrium Points, Difference Equation. 

 

I. Introduction 

History of mathematical models in epidemiology goes back to the eighteenth century (Bernoulli 1760). Great 

attention has been paid to the dynamics properties (including stable, unstable, persistent and oscillatory 

behavior) of the epidemic models. Most of the models in mathematical epidemiology are compartmental 

models, with the population being divided into compartments. Various epidemic models have been formulated 

and analyzed by many researchers. The classical susceptible-infected-recovered (SIR) model is a system 

consisting of three differential equations which assumes that the host population is constant [1, 3, 5]. Many 

infectious diseases in nature incubate inside the hosts for a period of time before the hosts become infectious. 

The basic SEIR model represents infection dynamics in a total population of size N. This is the simplest model 

for mass action transmission in a homogeneously-mixed host population. Transmission of infection from 

infectious to susceptible individuals is controlled by a contact term IS

N

 . In this model, infected individuals 

move into the Exposed (not infectious) class after an average incubation period and subsequently through the 

infectious class. The model assumes that recovered individuals are immune from infection [1]. 

 

II. Model Formulation and Equilibria 

In this section, we formulate a model for epidemic outbreaks with exposed class. In the construction of the SEIR 

model, we will divide the total population into four epidemiological classes which are susceptible (S), exposed 

(E) infectious (I) and recovered (R). Few authors studied discrete epidemic models [2, 4, 6] whereas there exists 

a vast literature on continuous epidemic models [1, 5]. In this section, we analyze the following reduced discrete 

SEIR epidemic model. 

( ) ( )
( 1) ( ) (1 ) ( )

( ) ( )

( ) ( )
( 1) [1 ( )] ( )

( ) ( )

( 1) ( ) [1 ( )] ( )

S n I n
S n a b dI n c S n

S n I n

S n I n
E n b f c E n

S n I n

I n fE n d c I n

     


    

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(1) 

 

Where , , , , 0a b c d f  and the initial conditions are (0) 0, (0) 0, (0) 0S E I   . The parameters have the 

following meaning: ‘a’ represents recruitment rate of the population, ‘c’ is the death rate, ‘b’ is the constant rate 

at which the susceptible population is converted into the exposed population, ‘d’ is the recovery rate to 

susceptible population, and ‘f’ is the effective transmission co-efficient. The system (1) always has two 

equilibria: The first one, corresponding to a population with no infected individuals, is referred to henceforth as 

disease-free equilibrium 
0 ,0,0

a
E

c

 
  
 

and the second equilibrium corresponds to the case in which there is a 

significant group of infectious individuals referred to as the epidemic equilibrium  * * *

1 , ,E S E I  where 
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*

2

( )( )

( )[ ( )( )]

af f c d c
S

c d f bf d c f c cbf

 


    
, *

2

( )[ ( )( )]

( )[ ( )( )]

a d c bf f c d c
E

c d f bf d c f c cbf

   


    
, and

*

2

[ ( )( )]

( )[ ( )( )]

af bf f c d c
I

c d f bf d c f c cbf

  


    
.  

  

III. Dynamic Behavior of the Model and Numerical Simulations 

We derive a threshold value 0R . An important technique for analyzing nonlinear systems qualitatively is the 

analysis of the behavior of the solutions near equilibrium points using linearization. For the discrete time model, 

stability of the equilibrium solution requires the dominant eigenvalue to have magnitude less than one. For the 

system described by equations (1), this reduces to requiring all roots of the following equation to lie in the unit 

circle. The local stability analysis of the model can be carried out by computing the Jacobian matrix 

corresponding to each equilibrium point. We first determine the stability of the system. The Jacobian matrix of 

system (1) is 

2 2

2 2

1 0
( ) ( )

1
( ) ( )

0 1

bI bSI bI bSI
c d

S I S I S I S I

bI bSI bI bSI
f c

S I S I S I S I

f a d

 
          
 
 

       
 
  
 
 

                          (2) 

If 0 1R  , then the epidemic cannot maintain itself because each individual, on average, infects less than one 

member of the population. The epidemic equilibrium is then unstable, while the infection-free equilibrium point 

is locally stable. Also, if 0 1R  , then on average, each infected individual infects more than one other member 

of the population and a self- sustaining group of infectious individuals will propagate. A simple linear analysis 

shows that in this case, the epidemic equilibrium point is locally stable, while the infection-free equilibrium 

point is unstable. 

A. Disease Free Equilibrium 

At the disease-free equilibrium, the matrix of the linearization is given by  

 
0

1 0

( ) 0 1 ( )

0 1 ( )

c b d

J E f c b

f d c

   
 

   
   

 

The Eigen values of the matrix 0( )J E  are 1 1 c   and 2

2,3

2(1 ) ( )
( ) 4

2

c f d
f d fb

  
    . 

We obtain the explicit expression for the basic reproduction number 0R .Then, it is shown that the disease-free 

equilibrium is locally and globally asymptotically stable if 0 1R  . In this case, the disease always dies out. The 

basic reproductive number for our model is
0

( )( )

fb
R

d c f c


 
. 

Lemma.1 Let
2( )F B C     . Suppose that (1) 0F  , 1  and 2  are two roots of ( ) 0F   . Then 

1 1   and 
2 1   if and only if ( 1) 0F   and 1C  . 

Theorem.1 If 0 1R  , then the disease free equilibrium 
0 ,0,0

a
E

c

 
  
 

of the model (1) is asymptotically 

stable. 

Proof. 

The linearization matrix of (1) at the positive equilibrium 
0 ,0,0

a
E

c

 
  
 

is given by 

1 0

0 1 ( )

0 1 ( )

c b d

f c b

f d c

   
 

  
   

 

 

The characteristic equation of matrix is 

( ) (1 )[(1 )(1 ) ]P c f c d c fb              
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We see that the equation ( ) 0P    has an Eigen value 10 1 1c    . 

Therefore, in order to determine the stability of the positive equilibrium of model (1), we discuss the nature 

roots of the characteristic equation, 

 
2( ) (2 2 ) ( )( ) (1 2 )P c f d f c d c c f d fb                

When 0 1R   the calculation yields, 

(1) ( )( ) 0P f c d c fb      

( 1) 2[2(1 ) ( )] ( )( ) 0P c f d f c d c fb          when 2(1 ) ( ) 0c f d     

        1
2(1 )

f d

c





and 1c   

Furthermore,  we have,  Constant term 1 ( )( ) ( ) ( ) 1f c d c f c d c fb           with  

( )( )f c d c fb f c d c        

2 0f d c    

The Jury Criterion implies that the roots 2 and 3 of equation ( ) 0P   , satisfy 
2 1  and 

3 1  .  

B. Numerical Examples 

Example.1 We choose the parameter values a = 0.05; b = 0.006; c = 0.075; d = 0.025; f =0.05; t = 50 Here 

0
( )( )

fb
R

d c f c


 
= 0:024 < 1; so the equilibrium point E0 is globally stable, see fig - 1. 

 

Figure 1. Time plot and Phase diagram for the system (1) with 0 1R   

Thus the disease free equilibrium of (1) is asymptotically stable when 0 1R   . 

Example 2.When  0 1R  , there exists unique endemic equilibrium which is stable under certain conditions. In 

order to show 1E is stable when 0 1R   we choose a = 0.005; b = 0.073; c = 0.0056; d = 0.023; f = 0.0234; t = 

500 Here 
0

( )( )

fb
R

d c f c


 
= 2.05956 > 1,see fig - 2. 

 

 

Figure 2. Time plot and Phase diagram for the system (1) with 0 1R   
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Example 3. In this example we choose to illustrate the impact of the parameter b on the infective class. 

 
 

Figure 3. Impact on I(n) 

Example 4. The effect of 0R on disease propagation is demonstrated by taking several values of 0R  = 0.599; 

0.75130; 1.0550; 1.52627; 2.3904; 3.0. Here 
0

( )( )

fb
R

d c f c


 
. 

  

 

Figure 4. Impact of 0R  

In this paper, we formulated a discrete version of SEI model to describe disease transmission. Reproduction 

number is computed based on linearization theory and its effects on extinction and persistence are demonstrated. 
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Abstract: Tools, methods, type of software, and the environment of development are the factors that can affect 

the performance of Software processes.  The outcome of a software process can be controlled by application of 

SPC techniques.  SPC is important in software processes because it can guide on how to stabilize and improve 

processes.SPC can also be used to demonstrate the improvement effects. Software development cannot be 

classifies as pure SPC controlled process. Multiple issues need to be addressed by software development 

processes teams including Team Management, working with limited data, aligning business goals with  

development goals of project is very important for success of development project. 

Keywords Process: Performance, SPC, Software Development Models 

_______________________________________________________________________________________ 

 

I. Introduction 

The optimal outcome of a process is normally ensured by strict monitoring and control based on techniques of 

Statistical Process Control (SPC) . These can be applied to any process, like a tool, during its development/ 

manufacturing stage, to measure the outcome of a product design specifications. SPC makes use of control 

charts, and monitors continuous improvement and on setting specialized experimental methods (DOE), in case 

required.  Modern SPC systems have real time access to data and ability to respond to incoming data online. 

The SPC is applied mainly in a process to following activities: 

1. Understand a process and its specification limits. 

2. To make a process stable, Eliminate assignable (special) sources of variation. 

3. Use Control charts to monitor the ongoing processes, to detect any significant changes of mean or 

variation. 

 
   

Fig.1- Attributes of a Process monitored continuously 

SPC optimizes the information needed for a process measurement, which helps making management decisions. 

Statistical technique enables to work out the business baselines, support process improvements, and provide 

results of processes. SPC also helps in real time analysis to establish controllable process baselines; dynamic 

improvement of process capabilities; and focus on areas of improvement. SPC enables this decision making 

based on data analysis and not on opinion. 

 

II. Software Development Processes – Main Characteristics 

A software development process in general has the following characteristics: 

(1) Software development processes are based more on thinking and are creative and unlike 

manufacturing. Results of software processes measurement can easily vary, and that makes a process 

difficult to control and minimize.  
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(2) Multiple common causes: Tools, methods, type of software, and the environment of development   are 

the factors that can affect the performance of these processes. Thus, the data obtained will be a mixed 

set of common cause results.  

(3) It is difficult to get a large set of homogeneous data, as can be gathered from manufacturing processes 

where daily production levels are high. This is due to each process having its own set of unique 

activities that need to be executed.  

(4) Software development follows “phase” and “cycle” concept which is quite different from continuous 

operations.  

(5) Process Capability is not clearly measurable as in Software Development because process limits and 

level of end quality not directly related.  

SPC is important in software processes because it can guide on how to stabilize and improve processes, despite 

above stated constraints. SPC can also be used to demonstrate the improvement effects. These difficulties can be 

overcome by putting more emphasis on processes rather than products. Thus using product data and process data 

can increase the available data significantly. As the definition of software process involves people, tools, and 

work environment, SPC can bring stability or normalization to human activities. Multiple Common causes can 

identified and separated using Statistical Process Control techniques. 

 

III. SPC and CMM Models 

SPC can be applied to any process development requiring statistical control including software development 

processes. A process has multiple outputs as identifiable causes, as shown in Fig.1. In the CMMI model, the 

level 4 and 5 practices of the model use the SPC for process control. Whereas, SPC uses  tools to monitors the 

performance of the production process to detect any significant variations to enable checking of production of a 

sub-standard article. The process output variation are categorized as follows: 

1) "Common Causes” - is referred to as non-assignable or common, normal sources of variation. Such variations 

in any process are normally there and to be anticipated. This type of causes produces a stable and repeatable 

distribution over time. 

2) "Special Causes" - is referred to as assignable sources of variation. These refer to any factor causing variation 

that affects only some of the process output. They are often intermittent and unpredictable. 

These outputs, in turn, have measurable attributes.  A process is under SPC if the observed process variation of   

process attributes is in the range of variation that of natural causes. When that variability of the process exceeds 

the range to be expected, the practitioner of SPC then identifies and corrects assignable causes. 

If the dominant sources of variations are known, then appropriate change can be planned on these resources. It 

may be possible to remove these known sources and once removed, the process is said to be "stable".  A stable 

process is one that has its variation within a known set of limits, until another assignable source of variation 

occurs. 

 SPC involves implementation of following key steps: 

  

 Identification of defined processes  

 Identification of  measurable attributes of these process  

 Understand natural variation of these attributes and characterize these.  

 Process variation tracking 

 

Maturity Level 4 of CMMI i.e. “Quantitatively Managed Process” involves Quantitative management is applied 

on the set of processes that produces a product. The significant contributors of these sub process, those impact 

overall process performance, are managed statistically.  The results of process performance are analyzed 

statistically for the selected sub-processes. Thus, real time control charts like p-chart and c-chart can be used in 

Design phase of Software Development. Process uses Polynomial charts used in Coding phase, z-chart in testing 

phase and Early Customer Quality Index(ECQI) is used in beta phase.  Any special causes that impact process 

variation are identified and appropriate correction is applied to the source of  a special cause, where possible, 

and is corrected to prevent its recurrence.  

Maturity Level 5 of CMMI that is, “Optimizing Processes”, the organization attempts  improvement in its 

processes on continuous basis based on a quantitative understanding of the common causes of inherent 

variations in processes. These common causes of process variation are optimized by change in design of 

process.  This change can be shift in the mean of the process. This can also be achieved as and when the process 

is re-stabilized by tuning variation.  This leads to better process performance and also achieves desired process 

improvement objectives.”   

 Quantitative Project Management (QPM) process in the CMMI, (Goal #2) supports Statistical  Managed Sub-

process Performance with an objective to Understand process Variation.                                             

CMMI uses statistical techniques to enable processes analysis, identify special causes of any variation in 

processes. This helps ensures process performance remains within well defined limits.”  In addition, CMMI 
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Generic Practice #4.2 states "Stabilize Sub-process Performance" and explains "A stable sub-process does not 

exhibits significant indication in special causes of process variation. Stable sub-processes are predictable to the 

extent, the limits of which are established by the natural bounds of the sub process." 

The emphasis placed upon SPC within the CMMI is such that, an organization cannot exceed a CMMI process 

maturity level rating of three. The degree of emphasis on SPC in CMMI process is more than any other 

measurement and analysis technique.   

 

IV. Conclusion 
SPC helps in understanding and improvement of processes like manufacturing and refineries, where the process 

is highly repetitive, it works very well. This is because these processes have a fairly consistent about their inputs 

and processing methods.  The usefulness of applying SPC to human/knowledge intensive processes like 

engineering/training is not very clear and is questioned by intellectuals.   

The human intensive processes like software development have performances which can vary widely from each 

project and have unique characteristics. Implementation of SPC in CMMI process of software development 

requires that 21 out of 25 process areas in CMMI, which are categorized in the maturity level 2 or 3 be applied 

first. SPC is applied only in remaining four process areas at level 4 or 5. This bottom up approach has impact on 

overall software development improvement. Nevertheless, software development cannot be classifies as pure 

SPC controlled process.  

Multiple issues needs to be addressed by software development processes requires that development teams need 

to focus on following: 

  (i) Team Management and creativity 

 (ii) Multiple issues which crop up unaddressed during development 

 (iii) Working with limited available data and analysis of this data. 

 

Nevertheless it can be shown that SPC based processes at level 4 and 5 have definite positive impact on the 

quality, productivity and cost reduction. This suggests that software development is required to focus more on 

process rather be product centric. Software development processes are team effort and creativity of individual is 

involved, team leader also need to take into consideration motivation factor of the team. In addition, alignment 

of development process with in the business goals is very important for the success of development 

project/product.  SPC can helps in guiding as to how to improve processes in certain defined approach.         
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Abstract: Dermatoglyphics means Science of fingerprint. This research implements a novel and simple method 

of age group  classification using fingerprints. Two methods are combined for age determination. The first 

method is the Singular Value Decomposition (SVD), employed to extract fingerprint characteristics by doing 

synthesis and reconstruction. The second method is the analysis or feature extraction by using 2D Wavelet 

decomposition, up to 6 level decomposition used for the process of age identification. This method is 

experimented with the internal database of 420 fingerprints  in different age groups, which contains both male 

fingerprints and female fingerprints. Tested fingerprint is grouped into following five groups: 6-7, 8-12, 13-15, 

16-19, 20-30,31-50 and above 50. Overall classification rate of 55% has been achieved. Results of this analysis 

make this method a prime candidate to utilize in forensic anthropology for age classification in order to 

minimize the suspects search list by getting a likelihood value for the criminal. 

 

Keywords: Fingerprints; SVD; Wavelets; BWT; Mode 

  

 

I. Introduction 

 Age of a person can be identified using different biometric traits such as face, iris, retina, speech, gait, hand 

geometry and fingerprint. Fingerprint is one of the most common traits of human and can be easily obtained. 

Now a days thumbprints and fingerprint of each finger are taken in order to provide the identity proof to that 

particular person, e.g. to get a passport or a unique identity card in India, one had to give the impression of 

his/her thumb and fingerprints. A person’s fingerprint is permanent even before they are born. Around 6-8 

weeks after conception the volar pads (ball like structures that make up the contour of the fetal hand) form; 

by10-12 weeks after conception the volar pads begin to recede; around the 13th week skin ridges appear and 

take the shape of the receding volar pad; lastly around the 21st week after conception the fingerprint patterns are 

complete[9]. 

A Fingerprint is the representation of the epidermis of a finger; it consists of a pattern of interleaved ridges and 

valleys. Fingertip ridges evolved over the years to allow humans to grasp and grip objects[1,2]. Like everything 

in the human body, fingerprint ridges form through a combination of genetic and environmental factors. This is 

the reason why even the fingerprint of identical twins is different [8].Fingerprint is an impression of friction 

ridges, from the surface of the finger-tip. Fingerprints have been used for personal identification for many 

decades; more recently becoming automated due to advancements in the computing capabilities Fingerprints 

have some important characteristics that make them invaluable evidence in crime scene investigations: 

1.  A fingerprint is unique to a particular individual, and no two fingerprints possess exactly the same set 

of characteristics. 

2.  Fingerprints do not change over the course of person’s lifetime (even after superficial injury to the 

fingers). 

3.  Fingerprint patterns can be classified, and those classifications then used to narrow the range of 

suspects [8]. 

In this work, age identification is mainly based on SVD which is used for synthesis and DWT is used for 

analysis. DWT is used to obtaining the approximation coefficients. Figure 1 illustrates the DWT and SVD based 

Age Classification system.  function of the Features of fingerprints vary with sexes, ethnic groups and age 

categories. In this research the fingerprint is obtained from the Digital Persona Optical Fingerprint scanner. T 

his paper is aimed in developing an algorithm for classifying the age through fingerprint. 

Wavelet transform is a popular tool in image processing and computer vision because of its complete theoretical 

framework, the great flexibility for choosing bases and the low computational complexity [5]. As wavelet 

features has been popularized by the research community for wide range of applications including fingerprint 

recognition, face recognition and gender identification using face, authors have confirmed the efficiency of the 

DWT approach [4,5]for the  identifications using fingerprint. 
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Fig. 1 Block Diagram of Age Determination System. 

 

The SVD approach is selected for the gender discrimination because of  its good information packing 

characteristics and potential strengths in demonstrating results. The SVD method is considered as an 

information oriented technique since it uses principal components analysis procedures (PCA), a form of factor 

analysis, to concentrate information before examining the primary analytic issues of interest [5]. Threshold 

gives very strong consistent results. It uses the database which was generated in the learning stage of the 

proposed system and it classifies genders of the fingerprints. 

II. Proposed Method 

A. Preprocessing 

I have collected 420 fingerprints (210 males and 210 females) by Digital Persons Optical Fingerprint scanner. 

Those captured  images were stored on .jpg format and in size of 310 X 420 number of pixels. The input 

fingerprint was enhanced by a series of techniques. Firstly the image was resampled by 300 X 350 no of pixels 

by using image resizer. Secondly it resized in to 256 X 256 no of pixels. Then the resized image undergoes 

enhancement technique like histogram equalization. The fingerprint image obtained undergoes image 

enhancement for improving quality of the ridges and valleys. The output of the preprocessing stage is shown in 

Figure 2. 

 

       
Fig. 2 Input image and  Enhanced image 

 

Enhancement techniques used on the fingerprints varies with the quality of the image and types of database 

used. Poor quality fingerprint image obtained is enhanced for better implementation of algorithm.  

B. Singular Value Decomposition(SVD)    

The Singular Value Decomposition (SVD) is an algebraic technique for factoring any rectangular matrix into the 

product of three other matrices. The SVD is the factorization of any real matrix into three matrices, each of 

which has important properties.  Any real m X n matrix A can be decomposed uniquely as   

                                                                              A = U D V
T
                                                                               (1) 

U is m X n and column orthogonal (its columns are eigenvectors of AA
T
 )ie  

                                                   AA
T
 = U D V

T
 V D U

T
 = U D

2
 U

T
                                                                       (2) 

V  is n X n and orthogonal (its columns are eigenvectors of A
T
  A  ie 

                                                    A
T
 A = V D U

T
 U D V

T
 = V D

2
 V

T
                                                                      (3) 

 D is n X n diagonal (non-negative real values called singular values) 

                                          D=diag(           )                                                                                             (4)       

ordered so that                (if    is a singular value of A, it’s square is an eigenvalue of A
T
 A). 

 If U =   ,                 V =             then 

                                               A=       
  

                                                                                                            (5)     

 C.  Synthesis and Reconstruction 
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The generation of an image from a mathematical model rather than observation is known as image synthesis. 

Here image synthesis can be done by using equation  

                                                    P=U * power(D, 5/4) * V
T
                                                                                 (6) 

The image can be reconstructed by using equation 

                                           J=enhanced image + (0.25 * P)) / (1 + 0.25)                                                            (7) 

 

         
Fig. 3 Enhanced image and Reconstructed image 

D. Analysis Using Wavelets 

Before knowing wavelet transform let us know about the wavelets. A wavelet is a waveform of effectively 

limited duration that has an average value of zero. In mathematical term wavelets are mathematical functions 

that cut up data into different frequency components, and then study each component with a resolution matched 

to its scale.  

 
Fig. 4 Comparison of sine wave and wavelet 

Fig.4 shows the comparison of wavelets with sine waves. Sinusoids extend from minus to plus infinity i.e. they 

do not have limited duration. Sinusoids are smooth and predictable whereas wavelets tend to be irregular and 

asymmetric. Wavelet analysis is the breaking up of a signal into shifted and scaled versions of the original (or 

mother) wavelet.Fig.4 shows that signals with sharp changes might be better analyzed with an irregular wavelet 

than with a smooth sinusoid. Many kinds of wavelets exist can be chosen as per the requirement. The principle 

advantage is that they provide the advantage of knowing existence of a frequency at a particular time interval. 

Wavelet transform of any function f at frequency a and  time b is computed by correlating f with wavelet atom 

as 

                                                          
 

 
 

 

  
                                                                                        (8) 

Wavelet transform is always defined in terms of a “ mother wavelet ψ”   and a scaling function φ , along with 

their dilated and translated versions. The use of wavelet transform on image shows that the transform can 

analyze singularities easily that are horizontal, vertical or diagonal which can be used in the fingerprint gender 

classification. 

E. Biorthogonal Wavelet Transform 

A biorthogonal wavelet is a wavelet where the associated wavelet transform is invertible but not necessarily 

orthogonal. Designing biorthogonal wavelets allows more degrees of freedom than orthogonal wavelets. One 

additional degree of freedom is the possibility to construct symmetric wavelet functions.  

In the biorthogonal case, there are two scaling functions        which may generate different multiresolution 

analyses, and accordingly two different wavelet functions ,  . So the numbers M and N of coefficients in the 

scaling sequences ,   may differ. The scaling sequences must satisfy the following biorthogonality condition  

 

                                                                                                                                                             (9) 

Then the wavelet sequence can be determined as, 

                                                                                                                                                                                                                    (10) 

                                                                                                                                                              (11) 

The scaling equations on the scaling functions and wavelets show that the decomposition and reconstruction of a 

signal from a resolution to the next one is implemented by perfect reconstruction filter banks. 

F. Wavelet Decomposition 

The pre-processed image undergoes Biorthogonal Wavelet decomposition in order to obtain vectors in 

frequency domain. Discrete Wavelet Transformation is a type of transformation in which wavelets are directly 

sampled. The DWT of a signal x is calculated by passing it through a series of filters. Firstly the sample image 

was passed through a low pass filter through impulse response g resulting in convolution shown in equation (12) 

                            y[n]=x[n]*g[n]=            
                                                                                       (12) 
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The signal is also decomposed simultaneously by using a high pass filter h. The two filters used had to be 

related with each other. This decomposition has halved the time resolution, since only half of each filter output 

characterizes the signal. Each output has half the frequency band of the input, so the frequency resolution has 

been doubled. This decomposition is repeated to further increase the frequency resolution and the approximation 

coefficients decomposed with high and low pass filters and then down-sampled as shown in Figure 5. 

 
Fig. 5 Level 3 Decomposition 

Two dimensional DWT decomposes an image into subbands that are localized in frequency and orientation. The 

decomposition of images into different frequency ranges permits the isolation of the frequency components as in 

[1]. The 2-D wavelet decomposition of an image results into four decomposed sub-band images referred to as 

low–low (LL), low–high (LH), high–low (HL), and high–high (HH) as shown in Fig.6  

 
Fig. 6 Subbands after decomposition 

Each of these sub-bands represents different image properties. Most of the information’s of the images is in the 

lower frequencies. So the further decomposition of sub band is repeated in LL sub band. For k level DWT, there 

are (3*k) + 1 sub-bands available. Here we using 6 levels of decomposition. 

G .Age Classification 
Further processing here we using LL sub band only. By an experimental study we choose an image statistical 

property as a parameter. Here mode is selected as estimated parameter. Mode of each age classification group is 

different. So that mode for each group can be set by calculating mean of mode  under each group. Mean can be  

calculated in Matlab by using following equation 

                                       Mean = sum(mode)/(number of modes)                                                                       (13) 

III. Results And Discussions 

The algorithm of the proposed system is written in MATLAB R2014 and run in Intel Core 2 Duo, 2.20 GHz 

processor with 2.00 GB memory. Here, we  proposed a new and simple method for Age Classification of 

fingerprints using DWT and SVD. The level 6 DWT is selected as optimum level for the gender classification. 

Mode of each age classification group is different. Results after each steps were given in previous sections. The 

success rate is more than 55%. Percentage of result after this study can be obtained is shown  in below table. 

Table 1.Age Group Classification Accuracy 
                  Age Classification 

Sl.No 

Age Groups 

 

Total 

Fingerprints-60 

 Accuracy 

Over all 

Accuracy 

1 6,7 32 53%  

 

 
55% 

2 8-12 34 56% 

3 13-15 30 50% 

4 16-19 32 53% 

5 20-30 32 53% 

6. 30-50 30 50% 

7 Above 50  34 56%  
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IV.  Conclusion 

Here we proposed a new and simple method for age group classification from fingerprint images based on 

Wavelet Transform and SVD technique. This method considered the frequency features of the wavelet domain. 

The LL block is selected for further processing for the age classification .Mode was choose as the parameter for 

gender classification The proposed system is experimented only on the optical scanned image. Better result will 

be obtained for digital image. Fingerprint evidence is undoubtedly the most reliable and acceptable evidence till 

date in the court of law. Due to the immense potential of fingerprints as an effective method of identification an 

attempt has been made in the present work to analyze their correlation with gender of an individual. The 

fingerprints of different age groups vary in size and patterns and thickness of ridges and valleys. The 

fingerprints of people from various ethnic groups vary.  

The further improvements hence planned to be done in conjunction with this are blood group determination and 

heredity checking. 

References 
[1] P. Gnanasivam & Dr. S. Muttan “Fingerprint Based Gender and Age Classification Using Wavelet Transformation and Singular 

Value Decomposition” IJCSI , Volume. 9: Issue 2, No 3: pp 274-282, March 2012. 

[2] Ajitha T.Abraham and Yasim Khan M, “Dermatoglyphics–Wavelet Approach” IJAEST, Volume 3,Number 3,pp208-

216,Jan.2015. 
[3] P.Chand and S.S Kumar, “ A Novel Method for Gender Classification Using DWT and SVD Techniques” IJCTA, Vol 4 (3),445-

449. 

[4] S.Gupta and A.P. Rao, “Fingerprint Based Gender Classification Using DWT and Artificial Neural Network” IJCSMC,Vol 
3,Issue 4,pp 1289-1296. 

[5] Rijo Jackson Tom & T.Arulkumaran “Fingerprint Based Gender Classification Using 2D Discrete Wavelet Transforms and 

Pricipal Component Analysis” IJETT,Vol 4:Lssue 2:pp 199-203. 
[6] Dr. Sudesh Gungadin, “Sex Determination from Fingerprint Ridge Density”, Internet Journal of Medical Update, Volume. 2, 

No. 2, Jul- Dec 2007. 

[7] Ms. Ritu Kaur1, Mrs. Susmita Ghosh Mazumdar2 & Mr. Devanand Bhonsle “A Study on Various Methods of Gender 
Identification Based on Fingerprints” IJETAE, Volume 2, Issue 4, pp 532- 536, April 2012. 

[8] Pankanti, S. Prabhakar, and A. K. Jain, “On the individuality of fingerprints,” IEEE Trans. Pattern Anal. Mach. Intell.”, vol. 24, 

no. 8, pp. 1010–1025, Aug. 2002. 
[9] J.John,Mulvihill and David W.Smith, “The Genesis of Dermatoglyphics” ,Journal of Pediatrics.Vol.75,no.4,pp579-589.  

[10] W.Babler, “Embryologic development of epidermal ridges and their configurations”, Science Transition. 

 

Acknowledgments 
First and foremost, praises and thanks to the God, the Almighty, for His showers of blessings throughout my research work to complete the 

research successfully.  

First of all I would like to acknowledge with much appreciation the crucial role of the Principal of this institution, Prof. Shine P. James, who 
gave the permission to use all required equipment and the necessary materials to complete my work. At this moment of accomplishment, 

first of all I pay homage to my guide, Asst. Prof. Yasim Khan M ,HOD (Electronics and Communication Engineering). This work would not 

have been possible without his guidance, support and encouragement. Under his guidance I successfully overcame many difficulties and 
learned a lot. He used to review my thesis progress, give his valuable suggestions and made corrections. His unflinching courage and 

conviction will always inspire me, and I hope to continue to work with his noble thoughts.  

Besides my guide, I would like to thank the rest of my thesis committee: Dr. Minu K.K, Mr. Anoop T R(PhD Scholar), Asst. Prof. Flower 
Abraham Mundackal and Asst. Prof. Sreekumar K, for their  encouragement, insightful comments, and hard questions. My thanks go in 

particular to Dr.Minu K K, with whom I started this work and many rounds of discussions on my project with him helped me a lot.  

My special acknowledgements go to all those people in our society who made possible the difficult task of ‘Fingerprint collection’ for my 
experiments. Words are short to express my deep sense of gratitude towards Lab assistants, my friends and students of this college who 

willingly and selflessly gave fingerprints for my experiments during my research endeavor.   

Last but not least, I would like to pay high regards to my parents for their sincere encouragement and inspiration throughout my research work 
and lifting me uphill this phase of life. I owe everything to them. Besides this, several people have knowingly and unknowingly helped me in 

the successful completion of this project. 



International Association of Scientific Innovation and Research (IASIR) 
(An Association Unifying the Sciences, Engineering, and Applied Research) 

 

              International Journal of Emerging Technologies in Computational 

and Applied Sciences (IJETCAS) 

www.iasir.net   

IJETCAS 15-324; © 2015, IJETCAS All Rights Reserved                                                                                                                    Page 85 

ISSN (Print): 2279-0047  

ISSN (Online): 2279-0055 

 

Online Opportunistic Routing in Cognitive Radio Ad-Hoc Network and 

Spectrum Management 
Harshal Solao

1
, Prof. R M Goudar 

2
, Prof. Sunita Barve 

3 
 

1,2,3 
Department of Computer Engineering, 

MIT Academy of Engineering, Alandi, 

University of Pune, Pune, Maharashtra, INDIA. 

 

Abstract: Accessing under-utilized licensed spectrum band using cognitive radio ad-hoc network improves the 

spectrum usage effectiveness. Due to use of opportunistic spectrum access the performance of routing in 

cognitive radio ad-hoc network will improve where no need of prior knowledge about topology and channel 

statistics in Ad-Hoc Cognitive radio Network. To deal with requirements of Ad-Hoc Cognitive radio Network, 

this paper is proposing opportunistic routing algorithm with the help of Reinforcement Learning.  This proposed 

routing scheme collectively deals with, prior time channel selection as well as a link and relay selection on the 

basis of overall success probabilities of data transmitting. This advance learning scheme successfully finds out 

the opportunities in the dynamic environment of Ad-Hoc Cognitive radio Network. 

Keywords: Cognitive Radio Ad-hoc Network; Spectrum Management; Hidden Markov Model; Routing Scheme; 

Reinforcement learning 

 

I. Introduction 

Research on cognitive radio networks (CRNs) was effectively launched in 2002 following a report by the FCC 

[1]. The report challenged for the first time the common belief of spectrum scarcity by pointing out that only less 

than 10 percent of available spectrum is used. The FCC also spot lit that a large portion of the licensed spectrum 

is used periodically, and geographical fluctuations in the usage of licensed spectrum portions oscillate from 15 to 

85 percent with a high variance in time. To exploit under use portions of the spectrum, i.e. White spaces 

/spectrum holes, that prompts the need of smart reprogrammable radios which are able to interference sensing, 

channel state learning, and spectrum access dynamically. Recently the research community has started working 

on Ad-hoc cognitive radio network to unleash the potential of it in exploring the wide range of pervasive 

applications [2], [3]. 

Cognitive Radio (CR) [4] is a novel solution to the scarce spectrum resource problem. In cognitive radio network, 

cognitive devices or nodes are reprogrammable devices that sense the wideband spectrum and as per the 

environment, it re-configurable to work in a dynamic environment. The CR nodes sense spectrum and get 

unoccupied frequency bands also known as Spectrum Opportunities (SOP), then use specific policy or also 

known as rule to select one candidate for them. 

Ultimately the intension of Cognitive Radio (Cognitive device/node) is to access the unused licensed spectrum 

bands in a dynamic environment to improve the spectrum usage [6]. Spectrum scarcity and underutilization can 

be improved by allowing SU’s to access the licensed bands opportunistically without disturbing the PU’s activity. 

The Cognitive device has additional functionality for spectrum sensing and sharing licensed band so use of 

Cognitive devices/nodes in an ad - hoc network will improve the bandwidth utilization under the dynamic 

environment. 

II. Related Work 

Routing in ad-hoc Cognitive Radio Networks become challenging due to Dynamic environment. There are 

various approaches for routing depending on various schemes and Parameters. These approaches are studied and 

used in various ways worldwide. Conventional routing mechanisms where network attempts to find out fixed path 

to forward packets from source to destination [7], [8]. There is large number of routing protocols proposed for ad 

hoc cognitive radio network that finds a fixed path using route discovery processes [9]-[11]. Such fixed path 

strategies fail to address the uncertainties and dynamic changes in topology due to sporadic spectrum and route 

availability in network. 

Allocation of the barely spectrum resource between cognitive nodes in stochastic environment increases the 

complexity due to uncertainty of the environment state [12]. Markov Decision Process (MDP) is promising 

mathematical framework for modeling environments like CRNs in which outcome is not only dependent on 

decision strategies but sometimes it can be random. MDP are useful for studying optimization problems solved 

via reinforcement learning [13-15]. Transition probability function and reward function of it can used to analyze 

the environment based on received feedback of any selected action. 

There are many existing solutions for spectrum aware routing using conventional algorithms for ad-hoc 

cognitive radio networks were proposed. Channel selection as well as assignment and routing in semi static ad-
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hoc networks is jointly addressed using a layered graph [5]. The layered graph plays layers equal to the number 

of available channels. Dynamic changes in the topology are captured using the link availability predictions 

based on the interference to the PU [16]. The resultant reliable topology is used for setting up multi-hop paths 

and to reduce rerouting. Cognitive Routing Protocol (CRP) gives explicit protection to the PU receiver [17]. It 

allows two classes of routes based on the service differentiation in cognitive radio network. Routing is achieved 

in two phases i.e. spectrum selection phase and next hop selection phase. Online opportunistic routing selects 

forwarding links based on the locally identified spectrum access opportunities [18]. 

This paper proposes the Online Opportunistic Routing Scheme for ad-hoc cognitive radio network. This 

Learning based online opportunistic routing scheme addresses the issue of routing packet in dynamic 

environment. Routing decisions are made with respect to the current state of the environment and actual 

transmission success probabilities. Proposed algorithm considers no knowledge of the topology and 

simultaneously learns channel statistics and good routes. The main contributions of this paper are as follows: 

1. Channel availability prediction with the help of Hidden Markov Model 

2. Markov Decision Process formulation using Temporal Difference (TD) implementation of Reinforcement 

Learning with incomplete and erroneous information of topology. 

3. Softmax Action Selection Rule is used for balancing exploration and exploitation in relay selection process. 

 

III. Hidden Markov Model 

We see a cognitive radio network in which each node works as a cognitive node that can scan and sense 

multiple channels periodically to compute interference temperature at each channel. This process gives us an 

observation sequence O for a first T time slot for considering channel c. If a node can predict the observation 

sequence for next 2T time slot for same channel c then such prediction will be utilized by the node for selecting 

preferable communication channel prior periods. In order to resolve the above situation the Hidden Markov 

Model provides a suitable solution to the problem. The HMM has obtained noteworthy practical application in 

speech recognition [10] and bioinformatics [15]. The HMM is trained by using the observation sequence O also 

known as training observation sequence. In order to achieve the HMM, it is essential to define the followings: 

1. The number of observed symbols, M 

2. The number of states, N 

3. The observation sequence   = {  ,   , …..,  } 

4. The state transition probabilities,     subject to condition     ≥ 0 and     
 
    = 1 

5. The symbol observation probabilities,   (m) subject to condition   (m)  ≥ 0 and 

        
    , 1 ≤ j ≤ N 

6. Initial State probabilities   

 
Figure 1: HMM training and Predictor 

 

Here the observation sequence contains two symbols 0 and 1s also known as observation symbols M = {0, 1}. 

And set of states can be denoted as S = {s1, s2}. 
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The HMM can be denoted by the notation  = [π, A, B] that is estimated by iterative method of the Baum-Welch 

Algorithm. After training model the HMM predictor will predict the required sequence for next 2T time slot. 

The HMM prediction scheme is illustrated in Figure 1.  

Where, the channel status is denoted by 1 and 0 for busy and ideal, respectively.  The main goal of predictor is 

to predict the sequence O(p) on the basis of past T slot observation. For that the HMM should be able to 

generate the observation sequence   = {  ,  …..,  } with maximum likelihood probability. Hence, the 

parameter  = [π, A, B] are used to maximize the likelihood probability of generating the observation sequence, 

i.e., maximize the probability P(O|  ). After completing the training, the joint probability of observing the 

sequence O followed by a busy slot or an idle slot at instant 2T is predicted. 

 

IV. Online Opportunistic Routing 

The performance of online opportunistic routing in uncertain and dynamic wireless environment can be 

improved using Reinforcement Learning (RL) algorithm. RL can be used to learn optimal policy on-line from 

direct interaction with the environment for solving non-linear control problems [19]. 

 

A. Methodology 

Methodology Using RL the agent learns how to achieve the given goal by trial and error interacting with 

environment. That improves performance of the agent from the received reward or punishment as a result of the 

performed action [20]–[22]. In online opportunistic routing, every cognitive node is considered as an intelligent 

agent and Ad-hoc network as environment. Temporal difference (TD) method learns directly from environment 

dynamics [23] without any knowledge of its model. It uses generalized policy iteration to update estimates i.e. 

value score, based in the parts on other learned estimates, without waiting for the final outcome. TD method 

wait only until the next time step, at t+1 it immediately form a target and make a useful update using observed 

reward      and the estimate V(    ), So estimated value score       is updated by 

 

                                                     (1) 

 
Where     , is a step-size parameter that influenced by BRN i.e. Best relay node among willing neighbor.  

Markov decision process the task that satisfies the markov Property, i.e. all decisions and values are functions of 

the current state only, is called Markov Decision Process (MDP) [24].  MDP is defined by its state and action sets 

and by the one-step dynamics of the environment. Given the current state and action, one-step dynamics enable us 

to predict the next state, expected next reward and iteratively all future states and rewards. 

 

B. Proposed Work 

One potential application of HMM that we investigate and propose in this paper is to use the sequences 

generated by the trained HMM in selecting preferable channel for communication in multi-channel cognitive 

wireless network. Consider a multi-channel cognitive wireless network with n channels. Let us assume that the 

training sequences for these channels is obtained by a designated cognitive nodes, which construct hidden 

Markov model for each channel using these training sequences, as explained in section III. 

 

        
    

   
 

                        (2) 

Where,   
  is average gap between any two 1’s in given sequence,     is number of 1’s in given sequence and 

     is length of sequence.  

The node selects the channel having most eminent value of channel availability metric (    ), as the most 

preferable channel for communication. Now each node has their own CAM value for each available channel in 

there vicinity. All the nodes in the network send beacon message to neighbor nodes with available channel 

CAM values because of this the each node got the neighbors channel availability set. Then each node calculates 

the common channel with neighbor using intersection. 

Then sender node choose most available channel as  a control channel for sending control packets and other as a 

data channel for sending data packets. After finding common channel between neighboring nodes the sender 

node sends the RREQ (relay request) to neighbor nodes on every available control channel. Now some of them 

those who are interested to be part of routing will send the RREP (relay reply) on control channel also known as 

willing neighbor     to sender as shown in figure 2 
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Figure 2: Relay Request (RREQ), Relay Reply (RREP) and Data Packet (DP) Transmission 

.  

Then sender node choose best channel as a control channel and other as a data channel. Then it will send data to 

the relay node then relay node send acknowledgment to sender on that basis sender update the estimated score 

for that relay node for future decision. Whenever in future the node wants choose the relay node for data 

transmission first it checks history record for available neighbor nodes score and as per statistics node will take 

decision quickly using Softmax action selection explained in section V. 

The above process will be repeated by each relay node until the destination. After reaching the destination 

successfully it will get some rewards stored to source node for future decision. After reception of the packet at 

destination the cumulative link cost     is subtracted from the fixed final reward received at the destination. 

Where,  

                               (3) 

 

Where, TT is time to transmit (estimated) , LA is link availability , SC is switching cost , CA is channel 

availability and PD is propagation distance. Selection of the lowest link cost at every hop finally increases 

reward at the destination. 

So average per packet reward is maximized by selecting random hops h for the packets generated at the source s 

with index I for destination d is presented as,  

 

    
          

 
     

    

 
              (4) 

Where M is number of packet transmitted successfully, R is fixed reward received at destination. 

 

V. Balancing Exploitation and Exploration 

For increasing learning rate and to increase overall score exploration and exploitation must be balanced at time 

of taking action. Selection of relay with the help of routing score can increase complexity and load on that single 

node that also known as greedy selection in such case if node is choose with the help of softmax action selection 

rule i.e. one of the non-greedy actions. This alters to explore, as it allows improving the values of non-greedy 

actions. Softmax action selection rule is effective in exploring and exploiting the network opportunities by 

taking a sequence of decisions which will increase routing score of every willing neighbor WN. Suppose 

estimated value of action   at     play, 

                (5) 

Softmax action selection method is instinct in balancing exploration and exploitation in online dynamic routing. 

It can be represented as, 

   
        

          
   

     (6) 

Where, T is a positive parameter called temperature. Because of high temperature equi-probable action selection 

is done. This enables exploration by improving estimate of non-greedy actions. Because of low temperature 

greater difference in selection probability for actions that differs in their value estimate. When T = 0, softmax 

action selection method will act as greedy action select exploiting the network by selecting the best candidate 

node as relay. 

VI. Algorithm and Flow Chart 

1. Initialization 

a. HMM predict sequence using given observation sequence. 

b. Nodes share channel availability to neighbor node (  ) 

c. Select best  channel as Control Channel (CC) and other as Data Channel (DC) 

2. Relay Request 
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a. Source (S)send a RREQ on CC for destination  (D) using Control Packet (CP) 

3. Relay Reply 

a. Let N(s) is set that receive CP 

b. RREP sent from WN  N(s) 

c. Update Score for WN 

4. Relay Selection and Data Transmission 

a. Upon reception of RREP from WN node selects routing action    A(s) using Softmax 

Action Selection Rule P. 

b. Sends data packet (DP) on most available common data channel  between source to next node 

at time t 

5. Reception and Acknowledgement 

a. Upon successful reception of DP, an acknowledgement is sent back to sending node 

b. Reward is updated by subtracting     

6. Step 1 to 5 are repeated until terminal node (Destination) 

a. After successful reception of all DP average per packet reward is calculate  

b. Acknowledgement is sent back to Source with reward 

 

 
Figure 3: Flow Chart 

 

VII. Future Work and Conclusion 

1. Study and analyze the consequence of the reinforcement signal on convergence of the RL in Cognitive 

Radio network and effect of Q values for improving the learning efficiency of the agent.  

2. Design of the routing protocol under circumstance of the multiple agents who are modeled as 

evolutionary game for using wireless spectrum. 

In online opportunistic routing reinforcement learning based routing algorithm is designed successfully to 

explore the spectrum and routing opportunities in dynamic environment of Cognitive Radio Ad-hoc Network In 

contrast to the conventional routing of finding out a static route from origin to destination, proposed algorithm 

routes the packets online without considering topology. 

Temporal Difference (TD) implementation of RL based routing accomplishes an optimum performance 

evaluated using average per packet reward. It attains the good quality of service requirement of cognitive users 

by decreasing the route re-discoveries. 
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Abstract: Rapid growth of wireless applications and services has made it essential to address spectrum scarcity 

problem in the limited available spectrum. Thus we need a new communication paradigm to utilize the existing 

wireless spectrum and efficient in spectrum usage. Cognitive Radio technology attempts to resolve this problem 

through improved utilization of radio spectrum, in which secondary usage of the spectrum resources is done 

without interfering with the primary usage of the licensed users. Spectrum sensing is a fundamental requirement 

in Cognitive Radio network to enhance the primary user signal detection probability in the spectrum. In this 

research, a comparative study has been made to evaluate the performance of three main spectrum sensing 

techniques i.e., Energy Detection, Matched Filter, Cyclostationary Feature Detection in Cognitive Radio. We 

also discussed about Cognitive Radio and different aspect of spectrum sensing. Summarization of the 

probability of false detection at different SNR associated with different types of spectrum sensing techniques 

have been made by MATLAB 2012a and the results are graphically represented. It is concluded that, the 

Cyclostationary Feature Detection is most suitable under low SNR in the case of non-cooperative spectrum 

sensing and Matched filter gives average performance than other techniques. 

 

Keywords: Cognitive Radio (CR); Spectrum Sensing; Energy Detection (ED); Matched Filter Detection (MFD); 

Cyclostationary feature Detection (CFD). 

 

I. Introduction 

The available radio spectrum is limited and it is getting crowded day by day as there is increased in the number 

of wireless devices and applications. It has been found that the allocated radio spectrum is underutilized because 

it has been statistically allocated not dynamically (allocated when needed). In the present scenario, it has been 

found out that these allocated radio spectrums are free 15% to 85% most of the time depending upon the 

geographical area. In order to overcome this situation, we need to come up with a means for improved 

utilization of the spectrum creating opportunities for dynamic spectrum access [1]. The issue in wireless 

communication can be solved in a better way by sensing this spectrum with the help of Cognitive Radio.  

This work focuses on the spectrum sensing techniques that are based on primary transmitter detection and their 

performance in cognitive network. There are various types spectrum sensing techniques which, in general, could 

be classified as (1) energy-based sensing, (2) matched filter-based sensing, (3) cyclostationary feature-based 

sensing and (4) other sensing techniques. Different techniques serve different purposes based on their 

advantages and drawbacks. The energy-based sensing is the simplest method to sense the environment in a blind 

manner and most common way to detect signals. The matched filter-based sensing requires the complete 

information of the spectral-user signal and the cyclostationary-based sensing has better performance than others 

but, it is more complex and expensive and may require some information about the spectral user signal 

characteristics. To test the performance of spectrum sensing techniques in Cognitive Radio, simulation has been 

carried out using MATLAB R2012a. 

 

II. Spectrum Sensing in Cognitive Radio  

The idea of Cognitive Radio was first presented officially in an article by Joseph Mitola III and Gerald Q. 

Maguire, Jr in 1999.Cognitive Radio is one of the new long term developments and can be define as “A radio that 

is aware of its environment and the internal state and with knowledge of these elements and any stored pre-

defined objectives can make and implement decisions about its behavior” [2]. A major challenge in Cognitive 

Radio is that the secondary users need to detect the presence of primary users in a licensed spectrum and quit the 

frequency band as quickly as possible if the corresponding primary radio emerges in order to avoid interference to 

primary user (PU). For this it should detect the PU signals as faster as it can. This detection technique is called 

spectrum sensing. Most research work currently focuses on spectrum sensing in Cognitive Radio [1].  

The main functions of Cognitive Radios are [8]: (1) Spectrum Sensing, (2) Spectrum Management, (3) Spectrum 

Sharing and (4) Spectrum Mobility. In these four functions spectrum sensing is an important and a sensitive task 

in Cognitive Radio. The main objective of spectrum sensing is to provide more spectrum access opportunities to 

Cognitive Radio users without interference to the PU networks. Since Cognitive Radio networks are responsible 
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for detecting the transmission of primary networks and avoiding interference to them, Cognitive Radio networks 

should intelligently sense the primary band to avoid missing the transmission of primary users [9]. One thing to 

consider is Spectrum Hole. A spectrum holes (also called spectrum opportunities) is a band of frequencies 

assigned to a PU, but at a particular time and specific geographic location, the band is not utilized by that user, 

hence can be accessed by secondary user (SU). In terms of occupancy, channels of the radio spectrum may be 

categorized as follows [5]: White hole (which are free of RF interferers), Gray hole (which are partially occupied 

by interferers as well as noise), and Black hole (the contents of which are completely full). 
 

III. Spectrum Sensing Techniques and Methods 

Spectrum sensing techniques can be classified into four categories: (1) Primary Transmitter Detection, (2) 

Cooperative Transmitter Detection, (3) Primary Receiver Detection, and (4) Interference Temperature 

Management. In this paper only Primary Transmitter Detection technique is discussed. Primary Transmitter 

Detection sensing techniques from perspective of primary signal detection can be classified into these broad 

categories of sensing methods shown below in Figure 1 [10]. 

 

 
Fig. 1: Classification of sensing methods for primary transmitter detection technique [10]. 

 

A hypothesized model for transmitter detection is defined as that is, the signal detected by the (SU) is: 

                                                       
Where H0 represents the hypothesis corresponding to “absence of PU”, and H1 to “presence of PU”, y(t) is 

received signal, x(t) is transmitted signal, n(t) is Noise, and ‘h’ is the amplitude of channel gain (channel 

coefficient). For the two state hypotheses numbers of important cases are [3]:- 

 H1 is TRUE in case of presence of PU i.e. P(H1/H1) is known as Probability of Detection (Pd). 

 H0 is TRUE in case of presence of PU i.e. P(H0/H1) is known as Probability of Miss Detection (Pm). 

 H1 is TRUE in case of absence of PU i.e. P(H1/H0) is known as Probability of False Detection or False 

Alarm (Pf) . 

The probability of false alarm or false detection is of main concern as it gives the false probability for the 

presence of noise in the frequency band. Pf  should be kept as small as possible in order obtained better 

performance. The goal of this work is to analyze the Pf in a low SNR for three main schemes that have been 

developed for detecting the presence of PU in a particular frequency band as shown in Fig. 1. They are 

discussed below: 

(1) Energy Detection: An energy detector senses the amount of energy in the signal received by the Cognitive 

Radio. One technique used to do ED is based on the use of the fast Fourier transform. It can be thought of as a 

means of determining the power in each frequency of the signal resulting in what is known as the power spectral 

density of the received signal. In order to measure the energy of the received primary signal, the received signal 

is squared and integrated over the observation interval. Finally, the output of the integrator is compared with a 

threshold to decide if a PU is present. The energy detector requires           samples for a given detection 

error probability [6]. The Figure 2 illustrates the principle of the ED method. 

 

 
Fig. 2: Principle of Energy detection [10]. 

 

Probability and Threshold Calculation: The Probability of false alarm can be found, for a certain amount 

threshold needed for detection of the received signal, as given by [11]:  
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Here      is the Marcum’s Q function,   
  

is the power density of intensity of the AWGN signal, M is the 

detector gain. Now the energy in a sample of duration T is approximated by       , where     . If we 

take a predetermined value of probability of false alarm then we can find the value of threshold needed for 

detection which would be:       
    

       

    
     

Advantages: It is a non-coherent detection method and easy to implement. While using ED we do not require 

the prior knowledge of primary signal and it is the most popular sensing technique in cooperative sensing. 

Computational and implementation complexity is low [3]. 

Disadvantages: The computation of the threshold used for ED is highly susceptible to unknown and varying 

noise level which result in low SNR environments. By ED technique it is difficult to distinguish primary signals 

from the Cognitive Radio user signals since these detectors cannot discriminate among the sources of the 

received energy. ED not suitable to detect spread spectrum signals [3]. High sensing time needed to achieve a 

given probability. 

(2) Matched Filter Detection: MFD is applied if a Cognitive Radio user has a priori knowledge of PU 

transmitted signal. A matched filter (also referred to as coherent detector) is obtained by convolving the 

unknown signal with a conjugated time-reversed version of the known signal template to detect the presence of 

the template in the unknown signal [9].The principle of MFD method is shown in Figure 3. 

 

 
Fig 3: Matched filter detection [10]. 

 

Probability Calculation: It can be shown that the Probability of false alarm Pf for the test are given by, 

   
 

 
       

 

   
                                        

Where   is the threshold of the signal after the matched filter, N is the signal power and M is the matched filter 

gain and NM represents the noise power after the matched filter. So Probability of false detection can be written 

as,    
 

 
             , where  

 

   
     . 

Advantages: Matched filter is an optimal detector since it maximizes the received signal SNR [11]. Advantage 

of this filter is that its sensing time is low as compared to other detectors [3] and needs less time to achieve high 

processing gain. 

Disadvantages: Matched filter requires a prior knowledge of every primary signal [3] and if the information is 

not accurate then it performs poorly which leads to an undesirable missed detection of primary users [11]. Also 

the most significant disadvantage of MFD is that a Cognitive Radio would need a dedicated receiver for every 

type of PU. Since large number of receivers requires, so different algorithms need to be evaluated and thus 

power consumptions is large [3] and computational complexity is also high. 

(3) Cyclostationary Feature Detection: For a cyclostationary signal, its spectral-correlation density (SCD) 

function takes nonzero values at some nonzero cyclic frequencies. On the other hand, noise does not have any 

cyclostationarity at all. Hence, we can distinguish signal from noise by analyzing the SCD function. Again, it is 

possible to distinguish the signal type because different signals may have different nonzero cyclic frequencies 

[4],[7]. Figure 4 shows principle CFD method. If   
  Spectral correlation function then maximum of the spectral 

correlation function         
   is compared to a threshold to find the presence of a PU. 

 

 
Fig. 4: principle of cyclostationary feture detection [10]. 

 

Probability Calculation: The probability of false alarm for the CFD is given as [3], 

        
        

   
                                                                   

From the above equation the threshold can be calculated as,    
   

      
       . Here ‘δ’ is the variance of the 

received signal and ‘N’ is the number of samples values of the signal. 
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Advantages: It is one of the useful techniques of signal determination on the basis of SCD. CFD can 

differentiate the modulated signal from the additive noise and can be used at very low Signal to Noise Ratio 

(SNR) [3]. The benefit of this detection is that it improves the overall Cognitive Radio throughput. 

Disadvantages: It suffers in multipath fading and shadowing environments. It deals with all the frequencies to 

generate the spectral correlation function, which makes it to do a very large calculation. Observation time is 

longer for achieving a satisfactory performance. The main drawback is the complexity of calculation [3], [11]. 

 

IV. Results and Discussions 

We have conducted simulations in MATLAB R2012a to evaluate the comparative performance of 3 main 

spectrum sensing techniques of Cognitive Radio. The performances are measured in terms of the (Pf) with 

varying SNR and the channel model is AWGN with zero mean under mainly 16-QAM modulation scheme. 

Common parameters for all detection methods are shown in table 1: 
Table 1: Summary of the simulation parameters 

Modulation: AM or, 16-QAM 

Initial phase (q) (only for AM): 0, 0.9, 0.8, 0, 0.78 

Modulating frequency (Fm) [in kHz]: 50, 100, 150, 200, 250 

Sampling frequency (Fs) [in kHz]: 22000 

Carrier frequency (Fc) [in kHz]: 5000, 8000, 10000, 7000, 9000 

Threshold: 30% 

We used 5 modulating frequencies which are indicated by user 1 to 5. In Figure 5, is it observable that the Pf 

values approach to minimum in ED after -8 dB SNR and gives nearly stable 90% Pf values after -30 dB SNR. In 

Figure 6, overall performance is better for MFD. The Simulation gives nearly same curves for 5 users up to 0db 

SNR, but before that the performance varies for different user i.e. different frequencies. For CFD method in 

Figure 7, the Pf versus SNR curve gives better performance at highly noisy situation which is not more than 

55% probability of false detection up to -30 dB SNR or less than it. For this figure of CFD, we limited the 

minimum Pf to 0.1, because it gives ripple value at minimum level which is difficult for curving the graph. 

Comparative Results: Figure 8 illustrates the average Probability of false detection (Pf) curve of 5 users for 

three primary transmitter detection based spectrum sensing which depicted the comparative performances. At 

highly noisy situation, performance degradations are different for these 3 techniques, but for SNR greater than 0 

dB the performances are almost same. At -10 dB SNR value, ED gives the better performance than others, but 

with the increase of noise its performance decreases and at -40 dB or less than -40 dB SNR, CFD gives 

satisfactory performance and Pf of CFD is much smaller as compared to other two methods. However matched 

filter has average performance than other methods and its curve is smooth. 

 
Signal to Noise Ratio (dB) 

Fig. 5: Pf vs. SNR for PU signal detection in Energy Detection Method. 

 Here SNR is kept between -40 to 20 db for Pf range from 0.001 to 1. 

 

 
Signal to Noise Ratio (dB) 

Fig. 6: Pf vs. SNR for PU signal detection in Matched Filter Method. 

 Here SNR is kept between -20 to 20 db for Pf range from 0.01 to 1. 

P
f 

P
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Signal to Noise Ratio (dB) 

Fig. 7: Pf vs. SNR for PU signal detection in Cyclostationary Feature Detection. 

 Here SNR is kept between -30 to 20 db for Pf range from 0.1 to 1 

 
Signal to Noise Ratio (dB) 

Fig. 8: Average Probability of false detection (Pf) for each method with SNR change. 

Here SNR is kept between -40 to 20 db for Pf range from 0.001 to 1 

 

V. Conclusions 

To efficiently utilize the wireless spectrum Cognitive Radios were introduced which opportunistically utilize the 

holes present in the spectrum. The most essential aspects of a Cognitive Radio system are spectrum sensing and 

various sensing techniques which it uses to sense the spectrum. In this Paper, summarization of the Pf at 

different SNR associated with different types of spectrum sensing techniques have been simulated, where Pf 

needs to be as small as possible for better performance. The main focus was to compare the performances of 

these three main spectrum sensing techniques under the conditions of low SNR. The result in the paper shows 

that ED method is a poor detection method compared to MFD which is an average detection method, but CFD is 

better than both the previous detection techniques in responding to low SNR for detecting primary user signals. 
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