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ABSTRACT: This paper presents various types of optimization techniques which are already applied on SAW filters 

to enhance their response in terms of various parameters. Surface Acoustic Wave Filters are particular Band Pass 

Filters which are currently used in electronic equipments for qualitative communication. Developers of SAW Filters 

have faced challenges that arise from design complications, limited practical upper frequency, high manufacturing 

costs, selection of waveguide material, filter dimensions, limited power handling and examining frequency 

characteristics corresponding to given specifications. The size of the SAW filter is also a main issue because frequency 

response of a filter depends on its size. The structure of Inter Digital Transducer (IDT) decides its frequency response. 

So, in order to have desired response, the structure must be known. The best structure is one for which the Frobenius 

norm distance is minimum. The structure includes the number of units to be cascaded and their positions. It is a 

combinatorial optimization problem. The paper presents a survey of the techniques for finding the combinations of the 

IDTs for which the  Frobenius norm distance is minimum. 
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I. INTRODUCTION 

 

SAW Filters are being proving day by day the most emerging and efficient band pass filters with compact size and 

light weight. SAW is a type of mechanical wave motion which travels along the surface of a solid material. It was 

discovered by Lord Rayleigh in 1885 and is often named after him [5]. Surface Acoustic Wave (SAW) devices have 

been emerged as a key component in radio-frequency (RF) and intermediate frequency (IF) stages of many 

communication systems such as satellite receivers, remote control units, keyless entry systems, television sets, and 

mobile phones, thereby greatly contributing to the growth [4].SAW filters operating at IF in cellular/personal 

communications service (PCS) receivers are required to reject out of band  interferers with minimal distortion of the in-

band signal [7].  

Some characteristics of SAW filters are as follows [6]:  

a. Low insertion attenuation (< 2.5 dB max.) 

b. Very good far away selectivity 

c. Balun functionality possible 

d. Impedance transformation Possible 
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Fig. 1. A basic SAW device [4] 

 
Figure 1. shows the basic structure of a SAW device. It consists of two Inter Digital Transducers (IDTs) i.e. Input IDT 

and Output IDT placed on a piezoelectric substrate such as quartz. The input IDT converts signal voltage variations 

into mechanical SAW waves and output IDT converts mechanical SAW vibrations into output voltages [5]. IDTs 

consist of interleaved electrodes alternately connected to two bus bars. These have comb shape.  

 

The size of the SAW filter is always a main issue because frequency response of a filter depends on its size. The 

structure of IDT decides its frequency response. So, in order to have desired response, the structure must be known. 

IDTs having desired structure may be used to construct a particular SAW filter. Then, the SAW filter will be able to 

have desired frequency response. This type of SAW filter can be used as per application. It will also increase the 

applications of SAW filters.  

 

The best structure is one for which the Frobenius norm distance is minimum. The structure includes the number of units 

to be cascaded and their positions. It is a combinatorial optimization problem. Each IDT have corresponding p-

matrices. The p-matrix corresponding to a structure can be obtained by cascading various number of basic unit cells. 

The cascading formulas are given in [3]. These basic unit cells have their corresponding T and R values. T is 

transduction coefficient and R is reflection coefficient. Possible values of T and R are +1, 0, -1. So, there will be nine 

possible combinations of T and R [2].  

 

Evolutionary Computation [14-16, 18, 19, 21-23, 25-32, 35, 40, 41] is a subfield of Artificial Intelligence which 

mimics the biological evolution for solving Combinatorial Optimization Problems [17, 18, 20, 24, 31, 33, 34, 36, 37, 

38, 39]. These techniques [14, 15, 17, 18, 20, 27] are probability based optimization approaches which are inspired by 

biological evolution and/or social evolution. Such kind of techniques have been developed to arrive at near-optimum 

solutions to large scale optimization [17, 20, 33] problems, for which traditional mathematical techniques may either 

fail or may give results at prohibitive costs. The paper presents a survey of the techniques for finding the combinations 

of the IDTs for which the Frobenious norm distance is minimum. 

 

The rest of the paper is organized as under: 

In section ІІ, work related to this field has been discussed. Some approaches are stated which are already applied in 

SAW filters. In section IІІ, size of the filter is formulated as an optimization problem. Then, suitable approaches from 

above section are discussed that suits well to the optimization problem. All this is done in section ІV. Finally, 

conclusions are drawn in section V. 

 

II. RELATED WORK 

 

Earlier there are number of techniques applied to solve different or may be the same issue in SAW filters. Each of them 

having different way of solving problem and with different number of costs and benefits. It is upto the problem whether 

cost is more effective or the benefits. Problems are classified in two categories i.e. Deterministic or Probabilistic. 

Deterministic means to go through every solution of the problem while solving it which becomes very difficult for 

MATLAB to work on it. While, Probabilistic means to find solutions randomly in the search space and to take 
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iterations of it until it reaches up to desirable result. Some of the researches done that may be helpful for the above 

stated problem are as follows:  

Priyanka et. al. [2] presents an iterative technique for the same problem. It was a good technique. A number of 

iterations have been taken to optimize the objective function so that desired frequency response may be retreived. In 

this technique, in order to find an optimal solution, every solution of the search space was accessed. But, it really 

becomes very difficult to search iteratively every solution even when the search space is so large. This technique is 

deterministic which go through every possible solution. However, it is too slow process to go through so many 

solutions. System may not be able to do so. Secondly, the obtained solution was matched with the desired solution at 

only single frequency point. By matching the solution at multiple frequency points, the results will be improved.   

 

Kiyoharu Tagawa [8] presents two Evolutionary Algorithms (EAs) i.e. Differential Evolution (DE) and Genetic 

Algorithm (GA) to the optimization problem. The problem was nearly same. It was to find the desirable structures and 

designs of balanced SAW filters. The geometrical structures decides the frequency response characteristics of balanced 

SAW filters. Here, both types of EAs were compared in the quality of solution with same cost. Finally, DE was proved 

better than GA for providing better results at same computational cost. However, their objective function was having 

complicated decision of weighting coefficients. So, it is not suitable for multi-objective problem. 

  

Gunter [9] presents a generalized p-matrix model for SAW filters. The p-matrix model analyzes the electro-acoustic 

properties of IDTs and reflector gratings in a SAW filter. Here, he tried to remove the problem of capacitive coupling 

between neighboring elements of IDT and change electro-acoustic excitation and detection of forward and backward 

propagating SAW. He presents the generalization of the classical p-matrix model that relates outgoing acoustic surface 

waves and all electric currents to incoming acoustic surface waves and all electric voltages in a general acoustic track. 

This track may consist of many number of IDTs, reflectors and delay lines. Also, this model may be applied to the 

tracks with floating fingers. 

Ventsislav et. al. [10] presents a theoretical that allows one to conduct Coupling-of-Modes (COM) Surface Transverse 

Wave (STW) loss analysis and estimate the resonator Q from material and layout parameters. There are substantial 

advantages of STW resonators over conventional SAW resonators. The COM transmission coefficient x11 is derived 

by Floquet analysis. Its imaginary part is obtained by numerically fitting available experimental data for the Q-factor of 

particular resonators. It is a measure of STW propagation loss that adds to the electrode. However, the considerations 

are restricted to real values of transmission and reflection coefficients i.e. x11 and x12.  

 

Kiyoharu et. al. [11] presents a robust optimization technique for the structural design of SAW filters. This 

optimization technique consists of Taguchi method and Memetic algorithm. It was the first application of Memetic 

Algorithm with Taguchi method. Here, the optimization problem was to maximize the SNR of SAW filters without 

losing their specified functions. So, they proposes Memetic algorithm for this problem. The hybridization of Memetic 

algorithm had the ability to improve local search drastically. Finally, the maximization of SNR of SAW filter reduced 

the fluctuations of the frequency responses of the SAW filters caused by the variations of uncertain parameters. 

 

Kathiravan Krishna et.al. [7] presents a simple and effective technique of characterizing a SAW filter in-situ. By SAW 

resonator, the errors involved in vector measurements are avoided. It is very useful for a fast-paced product 

development environment where quick insight into SAW impedances is required for CAD & optimization. A simple 

model offers insight into the Q of the SAW input and output to estimate matchability. The effect of EM interaction on 

the SAW package is also determined by the resonance method with the matching inductor. 

 

Kiyoharu Tagawa et. al. [12] applies an lmanishian GA to the optimum design of a resonator type SAW filter. First of 

all, they formulates the structural design of a three-IDT type SAW filter as an optimization problem. In order to 

evaluate the frequency response characteristics of the SAW filter, they employs the least equivalent circuit model of 

IDT. Then, proposes an Imanishian CA inspired by Imanishi's evolution theory for the optimization problem. 

Introducing a new concept of species into the population enabled the Imanishian GA to exploit the local search without 

losing the diversity of population. Furthermore, they discusses the suitable distance threshold that brought the 

advantage to the Imanishian CA [12]. Finally, experimental results demonstrates that the Imanishian GA could find 

multiple optimum solutions. Because of its simplicity in both the theory and the implementation, the proposed 
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lmanishian CA is applicable to all sorts of optimization problems. On the other hand, a number of efficient optimization 

methods that rely on an analogy to the natural evolution have been reported.  

 

Bajeh, A. O. et. al. [1] presents examination timetabling problem like all scheduling problems are hard problems in 

which the complexity and time needed to solve the problem increase with the problem size. The paper aims to compare 

Genetic Algorithm and Tabu Search approaches to solve this kind of problem. Both algorithms are tested with regard to 

the quality of generated timetables and the speed with which the timetables are generated using collected test data. The 

test shows that though both algorithms are capable of handling the examination timetabling problem, the Tabu Search 

approach can produce better time tables than Genetic Algorithm, even at a greater speed [1]. 

 

David P. Morgan [13] gives formulas for cascading identical P-matrices to obtain the P-matrix of a periodic transducer 

structure. As for COM solutions, the response of SAW transducers is calculated rapidly, but they are much more 

rigorous despite being hardly more complicated. The formulas are very general since the only assumptions made are 

reciprocity and the validity of the P-matrix description. Consequently they apply, for example, to simple gratings, 

simple transducers, and to complex transducers where individual sections are composites of transducer-grating 

combinations. Propagation loss can be included because the formulas do not assume power conservation. Some 

constraints are associated with the use of the P-matrix. For example, this is not generally valid in a SAW device if bulk 

wave excitation or diffraction is occurring. Also, the use of identical P-matrices for the sections implies that end effects 

are ignored, though this is often an adequate approximation. Applying these results to a directional transducer, i.e., a 

SPUDT, gives a general relation between the directivities of the transducer and of one section, and shows that the 

directivity can be simply related to the short-circuit reflectivity. 

 

A. Slowik [43] presents an application of evolutionary algorithm to design minimal phase digital filters with non-

standard amplitude characteristics and with finite bit word length. He designs four digital filters with infinite impulse 

response using the above method. These digital filters possess some characteristics like: linearly falling characteristics, 

linearly growing characteristics, nonlinearly falling characteristics, and nonlinearly growing characteristics, and they 

are designed using bit words with an assumed length. The bit word length is then connected with a processing register 

size which depends on hardware possibilities where digital filter is to be implemented. A modified mutation operator is 

also introduced in this paper. Due to which better results are obtained in relation to the results obtained using the 

evolutionary algorithm with other mutation operators. In this paper, the given method is also compared with Yule 

Walker method. The results of this paper can be directly implemented in the hardware (DSP system) without any 

additional modifications. By doing small modifications, this method can be used to design FIR digital filters. 

 

Kiyoharu Tagawa [44] presents a multi objective optimum design method for balanced SAW filters. As, discussed 

earlier, the frequency response characteristics of a filter is governed by their geometrical structures. Here, the filter 

specifications are given by using several criteria. In order to have desired frequency response characteristics, the 

structural design of the balanced SAW filter is taken as optimization problem. Then, he applies a recent evolutionary 

multi objective optimization algorithm i.e. Generalized Differential Evolution 3 (GED3).  The relationship between the 

structure of a filter and its frequency response characteristics is clarified. Finally, the method is demonstrated in the 

three and the two objective optimum design problems of a practical balanced SAW filter. Future work may proceed in 

the direction of investigation of the set of pareto-optimal solutions in the design  parameter space. 

 

Kuldeep Singh et. al. [45] recently presents the optimization of SAW filter using Particle Swarm Optimization (PSO). 

Here also, the structure of the filter is formulated as optimization problem. Then, PSO algorithm which is a hybrid 

optimization technique  is applied on the problem. Particle Swarm Optimization is a recently proposed random search 

algorithm and has been applied to many real-world problems, has a good global searching algorithm [45]. 

 

Kiyoharu Tagawa [46] presents An optimum design technique for balanced surface acoustic wave (SAW) filters is 

proposed. First of all, in order to evaluate the performance of balanced SAW filters by the computer simulation, a 

numerical model of balanced SAW filters is derived by using mixed-mode scattering parameters. Then the structural 

design of balanced SAW filters is formulated as a function optimization problem that aims to improve their balance 

characteristics and satisfy specifications for filter characteristics. Furthermore, in order to solve the function 
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optimization problem successfully, a simple and efficient global optimization method, i.e., the differential evolution 

(DE), is employed. 

 

Priyanka et. al. [47] presents the realization of IIR filters on SAW devices; which can lead to substantial reduction in 

filter size. With the help of reflections, poles are realized poles in SAW filter. A model is given to get the p-matrix for a 

SAW unit cell having reflections. Then they analyzes this to retrieve the transfer function of a SAW transducer made 

up of cascades of such unit cells. Although, most of work related to SAW filters go through the realization of SAW 

filters. A SAW structure to realize a rational transfer function with proper second order denominator polynomial is 

given in this paper. Since the coefficients of the resulting transfer function depend on device parameters, it establishes 

the claim that it is possible to realize IIR filters on SAW devices [47]. Simulation results are given showing the validity 

of the given model.  

 

A. Slowik et. al. [48] presents an application of differential evolution algorithm to design digital filters with non-

standard amplitude characteristics is presented. Three filters are designed with characteristics: linearly growing, linearly 

falling, and non-linearly growing, using the proposed method. The digital filters obtained using this method are stable, 

and their amplitude characteristics fulfill all design assumptions [48] The main advantage [48] of proposed method is 

setting up only one parameter, which determines a number of individuals in population; elaborated algorithm possesses 

very good convergence. This proposed method allows for full automation for design of digital filters. 

 

Danny King et. al. [49] describes the evolution of SAW designs to meet the challenging demands of reducing the size 

and cost for CDMA IF filters. SAW filters have applications in Intermediate Frequency (IF) filtering stage which is 

used in both Code Division Multiple Access (CDMA) handset and infrastructure. Also, SAW filters are superior than 

other types of filter technologies due to their high performance with low cost and small size which makes them very 

qualitative. Without having any frequency planning, CDMA systems uses steep filtering to avoid capacitive losses. The 

evolution of the CDMA PCS IF receive filter commonly used at 210.38 MHz [49]. Such kind of trends have also been 

shown in this paper at the CDMA cellular IF receive filter at 85.38 MHz. The single-phased unidirectional transducer 

enables the design of low-loss SAW IF filters in order to improve their noise figure, dynamic range and to reduce 

excessive gain requirements. Reflective low-loss and multi-track designs allow SAW designers to achieve filter 

shaping with smaller die size, which  reduces the cost. Further, the successful implementation of SAW filters in surface 

mount packages reduces weight and size. Continued innovative design techniques will satisfy the aggressive demands 

of wireless applications. 

 

 K. Tagawa [50] proposes a computer-aided two-stage design method and applies to the structural design of a practical 

SAW duplexer which is made up of two DMS filters and four SAW resonators fabricated on a piezoelectric substrate. Due to 

the complex structure, it was difficult to formulate it as an optimization problem directly. Therefore, we contrived the two-

stage design method for the structural design of the SAW duplexer [50]. In the first stage of the proposed design method, the 

optimization problem is formulated. Then, in order to obtain feasible solutions as many as possible, a new version of DE 

called DECS was applied to the constraint satisfaction problem [50]. In the second stage of the proposed design method, 

considering the information about the SAW duplexer obtained in the first stage and the knowledge of engineers, the structural 

design of the above SAW duplexer is reformulated again as a constrained optimization problem[50]. In order to an optimum 

solution of the constrained optimization problem effectively, another version of DE called DECO is applied. Finally, the 

usefulness of the proposed two-stage design method is demonstrated. It can also be applied to other SAW devices. 

Therefore, in the future works, DECS and DECO can be improved by using the latest optimization techniques. 

 

III. PROBLEM FORMULATION 

 

In order to use SAW filters as per application, a particular desired frequency response must be given by the filter which 

improves the quality of the filter. To obtain desired frequency response, it is essential to know the size of the filter 

which means combinations of the IDTs that are used to design a SAW filter. As combinations of IDTs are nothing else 

but cascaded basic unit cells. These combinations have the issue of number of units or basic cells to be cascaded and 

their positions. Finally, this paper deals with structure of IDT that is based upon nine different combinations of T & R 
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having particular p-matrices. So, there are two main issues which are to be solved. Therefore, this combinatorial 

optimization problem is regarding the size of the SAW filter which may be solved using an effective optimization 

algorithm. It will create more applications of SAW filters. 

 

IV. CURRENT DIRECTIONS 

 

On behalf of above discussed techniques, it is concluded that use of Evolutionary Algorithms gives better results. 

Solutions may be of any number, but best solution closest to desired p-matrix may be found probabilistically means 

instead of going through every possible solution, random solutions may be taken. Also, multiple frequency points may 

be matched. All this may be done using an optimization technique that suits it well.  

 

There are various techniques that come under evolutionary computation techniques such as Tabu Search, Genetic 

Algorithm and Hybrid techniques like Memetic Algorithm (MA), Bacteria Foraging Optimization technique (BFO), 

Particle Swarm Optimization technique (PSO), etc. Starting from the beginning, if Tabu Search and Genetic 

Algorithms are compared, then as per literature in [1], Genetic Algorithm provides better fitness of individual solutions 

than provided by Tabu Search. Although, other techniques are hybrid, so GA may be applicable in this optimization 

problem. 

 

There is an experimental test that compares Tabu Search and GA. In this experiment, we aimed to analyze the quality 

of the timetables generated by both algorithms. This was done by comparing the fitness function of the generated 

timetable and varying the maximum number of iteration (Maximum evolution for GA).  

 
TABLE 1: PARAMETERS TAKEN FOR COMPARING GA AND TS. 

 
Parameters GA TS 

Number of days for examination 12 12 

Maximum evolution Listed in table 2 

Population size 100 100 

Weight of class size error 10 10 

Weight of group clash error 10 10 

Weight of consecutive exam error 5 5 

 

Table 1 compares the quality of the generated timetables by the fitness function of the timetables, it shows that the 

average fitness of GA and TS is 5083 and 708.5 respectively. The results are also shown in the table 1. Various 

parameters have been taken to be calculated using these two optimization techniques i.e. GA and TS. 

 
TABLE 2: FITNESS OF GENERATED TIMETABLE AT DIFFERENT GIVEN MAXIMUM ITERATION [1] 

 
Maximum Iterations GA (Fitness) TS (Fitness) 

100 7260 1035 

200 7430 810 

300 7295 730 

400 7530 635 

500 7475 705 

600 7105 765 

700 7835 650 

800 7430 620 

900 6185 560 

1000 7270 575 

Average 5083 708.5 

 

It shows that Genetic Algorithm provides better fitness than provided by Tabu Search. GA can produce several 

different near optimal solutions at the same time because of its holds the whole generation of chromosomes which may 
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not originate from the same parents [1]. Therefore, it has been proved that GA technique is suitable for having better 

fitness of individual solutions inspite of TS technique. 

 

V. TOOLS AND TOOLKIT USED 

 

The algorithms of different evolutionary computational techniques need to be converted into codes with the help of 

programming languages. It is an interactive, high-level, high performance matrix-based environment performing 

scientific and technical computation and visualization faster than traditional programming languages such as C, C++ 

and Fortran [42]. It is an acronym of MATrix LABoratory and was conceived and developed by Cleve Moler who was 

involved with LINPACK and EISPACK library projects. It is a registered trademark of Math Works, Inc., USA. It is 

very simple with powerful graphical capabilities. It contains many in-built functions and various toolboxes. However, 

user defined functions have been developed by most of the researchers. 

 

VI. CONCLUSION 

 

Some researches in the field of SAW filters have been presented. There is an existing deterministic technique which 

was used for optimization of frequency response of SAW filters and getting inspired to use probabilistic technique for 

the same optimization problem and also to enhance some more parameters. Although, there are many ways to solve a 

particular problem each having its own benefits and costs. However, there are still more issues such as design 

complications, limited practical upper frequency, high manufacturing costs, selection of waveguide material, filter 

dimensions, limited power handling and examining frequency characteristics corresponding to given specifications to 

be deliberated. Genetic Algorithm may be applied for optimizing size of the SAW filter. Literature has abundant 

successful applications of SAW filters that exploit advantages of Genetic Algorithm. An effective and qualitative 

discussion for finding suitable algorithm for optimization problem of SAW filters is presented. Finally, GA may be 

introduced to match with desirable conditions and to enhance the results. 

 

REFERENCES 

 
[1] Bajeh, A. O. et. al., “Optimization: A Comparative    Study of Genetic and      Tabu Search Algorithms,” International Journal of Computer 

Applications (0975 – 8887), Volume 31– No.5, October 2011. 

[2] Priyanka, Shiv Dutt Joshi, and Brishbhan Singh Panwar, “An iterative approach to design a SAW filter having desired  response”, IEEE 
Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol. 52, no. 8, 2005. 

[3] C. S. Hartmann and B. P. Abott, “Overview of design challenges for single phase unidirectional SAW filters,” in Proc. IEEE  Ultrason. Symp., , 

pp. 79-89, 1989. 
[4] Thirumalai Kannan, “Finite Element Analysis of Surface Acoustic Wave Resonators,” Copyright Thirumalai Kannan, June 2006. 

[5] “What is SAW filters”, link-http://www.token.com.tw/, version 2010. 

[6] Eric Kerhervé,“BAW Technologies for Radiofrequency Filters and Duplexers”, Montréal – 02 novembre, eric.kerherve@ipb.fr.2011. 
[7] Kathiravan Krishna et. al.,“SAW filter impedance characterization and modeling,”, www.rfdesign.com, April 1999. 

[8] Kiyoharu Tagawa (member, IEEE),“Evolutionary Computation   Techniques for the optimum design of Balanced SAW filters,” CEC 2008. 

[9]  Günter Kovacs, “A generalised P-matrix model for SAW filters,” IEEE Ultrasonics Symposium-710, 2003. 
[10]Ventsislav M. Yantchev et.al.,“Coupling-of-Modes analysis of STW Resonators including loss mechanism,” IEEE Transactions on Ultrasonics, 

Ferroelectrics and Frequency Control, vol. 49, no. 3, March 2002. 
[11] Kiyoharu Tagawa et. al. “Robust optimum design of SAW filters with the Taguchi method and a Memetic Algorithm,” IEEE Transactions, 

2005. 

[12] Kiyoharu Tagawa et. al., “An Imanishian Genetic Algorithm for the Optimum Design of Surface Acoustic Wave Filter,” IEEE, 2003. 
[13] David P. Morgan, “Cascading Formulas for Identical Transducer P-Matrices,” IEEE Transactions on Ultrasonics, Ferroelectronics, and 

Frequency Control, Vol. 43, no. 5, September 1996. 

[14] P. P. Bonissone  et. al., “Evolutionary algorithms + domain knowledge = real-world evolutionary computation,” IEEE Transactions on 
Evolutionary Computation, vol. 10, no. 3, pp. 256-280, June, 2006. 

[15] K. A. De Jong, Evolutionary Computation: a unified approach. Cambridge MA: MIT Press, 2006. 

[16] Z. Cai Y. Wang, ”A multi-objective optimization-based evolutionary algorithm for constrained optimization,” IEEE Transaction on 
Evolutionary Computation, vol. 10, pp. 658-675, Dec, 2006. 

[17] Thomas Weise, Global Optimization Algorithms – Theory and Application. Online available as ebook at http://www.it-weise.de/. 

[18] E. Elbeltagia, T. Hegazy, and D. Grierson,“Comparison among five evolutionary-based optimization algorithms,” Advanced Engineering 
Informatics 19, pp. 43-53, 2005. 

[19] H. K. Tsai et. al.,“An evolutionary algorithm for large travelling salesman problem,” IEEE Trans SMC-B 34, pp. 1718-1729, 2004. 

[20] G. Onwubolu and B. Babu,  New optimization techniques in Engineering. Berlin, Germany: Springer-Verlag, 2004. 

mailto:eric.kerherve@ipb.fr
http://www.rfdesign.com/
http://www.it-weise.de/


            

     

        
                ISSN(Online)  : 2319-8753 

                      ISSN (Print)   : 2347-6710                                                                                                                                 

                                                                                                               

International Journal of Innovative Research in Science, 

Engineering and Technology 
(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Issue 7, July 2015 

 

Copyright to IJIRSET                                                  DOI:10.15680/IJIRSET.2015.0407068                                             5903 

[21] N. K. Bambha et. al.,“Systematic integration of parameterized local search into evolutionary algorithms,” IEEE Transactions on Evolutionary 

Computation, 8, pp. 137-155, 2004. 
[22] V. Trent et. al.,“Genetic algorithms and evolutionary computation,” IEEE (0-7803-7912-8/03), 2003, pp. 1-66. 

[23] J. I. Hindalgo et. al., “A hybrid evolutionary algorithm for multi-FPGA system design,” Proceeding of the Euromicro Symposium on DSD, , pp. 

1-8, 2002. 

[24] K. E. Parsopoulos and M. N. Vrahatis, “Recent approaches to global optimization problems through PSO,” Natural Computing-1, pp. 235-306, 

2002. 

[25] S. J. Gould, The Structure of Evolutionary Theory. Cambridge: Belknap Press (Harvard University Press), 2002. 
[26] I. Parmee, Evolutionary and adaptive computing in engineering design. New York: Springer, 2001. 

[27] D. Dasgupta et. al.,  Evolutionary algorithms in engineering applications. New York: Springer, 2001. 

[28] R. Venkatraman et. al.,”An evolutionary approach to timing driven FPGA placement,” Proceedings of the tenth Great Lakes Symposium on 
VLSI, Chicago, pp. 81-85, 2000. 

[29] E. Zitzler et. al.,”Evolutionary  algorithms for the synthesis of embedded software,” IEEE Transaction on VLSI Systems, vol. 8, no. 4, pp. 452-

455, Aug, 2000. 
[30] X. Yao et. al., “Evolutionary programming made faster,” IEEE Transaction on Evolutionary Computation, vol. 3, pp. 82-102, Jul, 1999. 

[31] M. W. S. Land,“Evolutionary algorithms with local search for combinatorial optimization,” 1998. 

[32] D. B. Fogel, Evolutionary computation: Toward a New Philosophy of Machine Intelligence. Piscataway, NJ: IEEE Press, 1995. 
[33] H. P. Schwefel, Numerical Optimization of Computer Models. John Wiley & Sons, New York, 1995. 

[34] of evolutionary algorithm for parameter optimization,” IEEE Transactions on Evolutionary Computation, vol. 1, no. 1,  pp. 1-23, 1993. 

[35] Th. Back et. al., “An overview of evolutionary algorithm for parameter optimization,” IEEE Transactions on Evolutionary Computation, vol. 1, 
no. 1,  pp. 1-23, 1993. 

[36] P. Moscato et. al.,”A memetic approach for the travelling salesman problem- implementation of a computational ecology for combinatorial 

optimization on message-passing systems,” In: Valero M et. al. editors, International Conference on parallel computing and transputer application, 
Amsterdam, Holland: IOS Press; pp. 177-186, 1992. 

[37] M. Dorigo, Optimization, Learning and Natural Algorithms, PhD thesis, Politecnico di Milano, Italy, 1992. 

[38] S. Yang, Logic synthesis and optimization benchmark user guide version 3.0 Tech. Rep., 1991  . 
[39] S. Kirkpatrick et. al., “Optimization by stimulated annealing,” Science, 220, pp. 671-680, 1983. 

[40] S. Areibi et. al., “Effective memetic algorithms for VLSI design automation = genetic algorithms + local search + multi-level clustering,” IEEE 

Transaction on Evolutionary Computation, 12(3),  pp.  327-353, 2004. 
[41] S. G. Araujo et. al., “Optimized datapath design by evolutionary computation,” Proc. of the 3rd IEEE International Workshop on System-on-Chip 

for Real-Time Applications, , pp. 1-4, 2003. 

[42] Amos Gilat,”MATLAB: An Introduction with Application”, John Willey & Sons Inc., 2004. 
[43] A. Slowik, “Application of evolutionary algorithm to design minimal phase digital filters with non-standard amplitude characteristics and finite 

bit word length,” BULLETIN OF THE POLISH ACADEMY OF SCIENCES TECHNICAL SCIENCES, Vol. 59, No. 2, 2011. 

[44] Kiyoharu Tagawa, “Multi objective optimum design of balanced SAW filters using generalized Differential Evolution,” School of science and 
engineering, Kinki University, issue 8, vol. 8, Aug, 2009. 

[45] Kuldeep Singh et. al.,“Optimization frequency response of SAW filter using PSO,” special issue, pp. 153-155, May 2014. 

[46] Kiyoharu Tagawa, “Simulation Modeling and Optimization Technique For Balanced Surface AcousticWave Filters,” Proceedings of the 7th 
WSEAS International Conference on Simulation, Modelling and Optimization, Beijing, China, September 15-17, 2007. 

[47] Priyanka et. al., “Realization of Infinite Impulse Response in SAW Technology,” Centre for Applied Research in Electronics, Electrical 

Engineering Department. 
[48] A. Slowik et. al., “Design of IIR digital filters with   non-standard characteristics using differential evolution algorithm,” BULLETIN OF THE 

POLISH ACADEMY OF SCIENCES TECHNICAL SCIENCES, vol. 55, no. 4, 2007.   

[49] Danny King et. al., “SAW filters in CDMA mobile   communication networks,” Wireless Technologies China Ô99 ¥ÊConference Proceedings. 
[50] K. T., “Two-Stage Optimum Design Method For Surface AcousticWave Duplexers Using Differential Evolution Algorithms,” 

INTERNATIONAL JOURNAL OF SYSTEMS APPLICATIONS,ENGINEERING & DEVELOPMENT, issue 2, vol. 7, 2013. 

 

BIOGRAPHY 
 

 

  

 

Rekha received her Bachelors Of Engineering (Electronics and Communication) degree (Hons.) from Bhagwan    

Parshuram College of Engineering, Bali Brahmanan, Gohana, Sonipat, Haryana-India (affiliated to Maharishi 

Dayanand University Rohtak) in 2010. Her result of M.Tech (Electronics and Communication) degree from 

DCRUST, Murthal, Sonipat, Haryana-India is awaited.  

 

She has one paper accepted and one communicated in international journals. She worked as lecturer in E.C.E 

department in two private polytechnics in Rohtak and Jhajjar for two and half years and now focussing for Ph. 

D degree in Electronics and Communication Engineering.  

 

She is an IEEE member. Her current interests include SAW filters and image processing. 


