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Abstract – In digital communication system, digital 

information can be sent on a carrier through changes 

in its fundamental characteristics such as phase, 

frequency and amplitude. The use of a filter plays an 

important part in a communication channel because it 

is effective at eliminating spectral leakage, reducing 

channel width, and eliminating interference from 

adjacent symbols (Inter Symbol Interference) ISI. 

In order to reduce the effect of Inter Symbol 

Interference (ISI) in a digital communication system, 

different types of transmitting pulse shaping filters 

have been extensively used in practice. We need to 

design these filters with some constraints imposed by 

requirements of the communication system in which 

we are going to use them. The use of optimization 

techniques have been proved to be quite useful towards 

the design of those digital filters with certain 

specifications. This paper reviews about the uses of 

optimization systems in digital filter design. 

 

I. INTRODUCTION 

A filter is a frequency selective circuit that allows a 

certain frequency to pass while attenuating the 

others. Filters could be analog or digital. Analog 

filters use electronic components such as resistor, 

capacitor, transistor etc. to perform the filtering 

operations. These are mostly used in communication 

for noise reduction, video/audio signal enhancement 

etc. 

Types of filters 

 
 

Figure 1: Classification of filters 

Figure 1 shows basic classification of filters. Figure 

2 shows classification of filters on the basis of 

frequency.  

 
Figure 2: Filter classification on frequency basis 

 

Digital filters are used in wide variety of 

applications from signal processing, aerospace, 

control systems, defence equipments, 

telecommunications, system for audio and video 

processing to systems for medical applications to 

name just a few. Basically filter refers to a frequency 

selective device which extracts the useful portion of 

input signal lying within its operating frequency 

range and could be contaminated with random noise 

due to unavoidable circumstances. Analog filters are 

implemented with discrete components but the 

digital filters perform mathematical operations on a 

sampled, discrete time signal to reduce or enhance 

the desired features of the applied signal [1].  

Digital filers are superior to their analog counterpart 

due to its wide range of applications and better 

performance. The advantages of digital filters over 

analog filters are small physical size, high accuracy 

and reliability. Digital filtering is one of the most 

powerful tools of Digital Signal Processing. Digital 

filters are capable of performance specifications 

such as ability to achieve multi-rate operation and 

exact linear phase that would, at best, be extremely 

difficult, if not impossible, to achieve with an analog 

implementation. In addition, digital filter 

characteristics are easy to change under software 

control. Digital filters are widely used in the fields 

of automatic control, telecommunications, speech 

processing and many more. Digital filters are of two 
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types; finite impulse response (FIR) and infinite 

impulse response (IIR) filter which may also take on 

the names non-recursive and recursive, respectively. 

Filter designing is a multimodal optimization 

problem, thus making it a quite interesting and 

innovative research field. Now a day, FIR filter is 

designed with the evolutionary techniques, which 

provides far better control of parameters and more 

nearly approximate ideal filter. Different heuristics 

and stochastic optimization methods have been 

developed which are explained in the following 

chapter. 

II. LITERATURE REVIEW 

Genetic Algorithm   

Since the beginning of the nineteenth century, a 

significant evolution in optimization theory has been 

noticed. Classical linear programming and 

traditional non-linear optimization techniques such 

as Lagrange’s Multiplier, Bellman’s principle and 

Pontyagrin’s principle were prevalent until this 

century. Unfortunately, these derivative based 

optimization techniques can no longer be used to 

determine the optima on rough non-linear surfaces. 

One solution to this problem has already been put 

forward by the evolutionary algorithms research 

community. Genetic algorithm (GA), enunciated by 

John Holland in the year 1975, is one such popular 

algorithm which is based on the concept of “survival 

of the fittest” by Charles Darwin [5]. Holland and 

his co-workers including Goldberg and Dejong 

popularized the theory of GA and demonstrated how 

biological crossovers and mutations of 

chromosomes can be realized in GA to improve the 

quality of the solutions over successive iterations. 

Genetic algorithm is an optimization 

method which resembles the natural selection. A set 

of vectors which can act as a potential solution of the 

problem at hand is called genome (chromosome). A 

set of genomes is called population. GA creates new 

generations by applying some genetic operators to 

the individuals of population. A typical GA can be 

summarized as follows:  

1. Initialization: Generate initial population 

and compute score of each individual.  

2. Selection: Select two individuals for 

mating.  

3. Crossover: Mate two selected individuals 

and generate offspring.  

4. Mutation: Mutate the offspring.  

5. Evaluation: Calculate scores of offspring.  

6. Repeat step 2-5 until a predefined number 

offspring is generated.  

7. Replacement: Insert new offspring into the 

population.  

8. Repeat steps 2-7 while termination 

criterion is not met.  

The encoding of the genome and defining an 

evaluation function or fitness function are the most 

important parts of GA design process. The structure 

of the genome must represent a solution to the 

problem of interest. Evaluation function, on the 

other hand, compares the performance of genomes 

to a goal and assigns a score to them. GA uses scores 

to rank the genomes in population. 

 

Progress of Genetic Algorithm in Digital Filter 

Design  

Genetic Algorithm (GA) based design techniques 

are widely popular for synthesizing finite impulse 

response (FIR) filters. An effective design method 

for minimum phase digital FIR filters using GA has 

also been described in [6]. While obtaining the 

optimal-pass band and stop-band responses, the 

mean squared error (MSE) function is used and to 

optimize the transition band response the mean 

absolute error (MAE) is utilized. 

Optimizing the design of infinite impulse response 

(IIR) filter has been achieved using GA, as reported 

in [6]. The IIR filter design under the mixed criterion 

of H2 norm and ∞ norm is proposed in [6] and GA is 

introduced to realize the filter design based on such 

criterion. It has been shown that the filter designed 

by GA is superior to conventional Butterworth filter 

in terms of either the optimization capability of 

design method or the performance of designed filter. 

Using these techniques, the signal to noise ratio 

(SNR) is improved and the frequency domain 

performance approaches to theoretical one. 

A new method for designing recursive and non-

recursive frequency sampling filter has been 

published in [7]. The use of a hybrid real-coded GA 

for optimizing transition sample value has been 

investigated which yields the maximum stop band 

attenuation. A modification allows the coefficient 

word length to be optimized concurrently, thereby 

reducing overall number of design steps and 

simplifying the design process. The techniques are 

able to consistently optimize filter with up to six 

transition samples. The techniques presented in this 

paper could form the basis for integrating several of 

the optimizations. Investigation into increasing this 

integration by using a binary coded GA to optimize 

nonlinear phase, quantized coefficient FIR filter are 

introduced, with an analysis of the difficulty of the 

problem from a GA perspective [7]. 

For high speed low complexity filter design, it is 

common practice to constrain the filters‟ coefficient 
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to be power of two or a sum of power of two terms 

(p2), avoiding the full multiplication [7]. Tapped 

interconnection of different sub filters are 

sometimes used to enhance ripple and stop band 

attenuation performances. An extension of the 

simple cascade architectures, suitable for hardware 

implementation, is the polynomial sharpening 

techniques. The design of p2 sharpening filter based 

on a specific genetic algorithm has been proposed in 

the above article. The proposed scheme optimizes 

both the FIR sub-filter and the sharpening 

polynomial coefficient expressed as p2 terms. This 

allows getting better performances than the classical 

p2 design techniques when FIR filters with long 

impulse response are involved. Using this specific 

genetic algorithm with a particular free parameters 

encoding around a set of suitable leading values, 

allows obtaining a very high reduction of the 

computational cost. It has been shown in [7] that 

optimizing both the polynomial and the filter 

coefficient allow obtaining very good performances; 

sometimes better that the simple infinite precision 

sharpening techniques. 

 

Particle Swarm Optimization 

The algorithm Particle Swarm Optimization (PSO) 

was inspired by biological and sociological 

motivations and can take care of optimality on 

rough, discontinuous and multimodal surfaces. The 

aim of this optimization technique is to determine 

the best-suited solution to a problem under a given 

set of constraints. Several researchers over the 

decades have come up with different solutions to 

linear and nonlinear optimization problems. The 

optimization problem, now-a-days, is represented as 

an intelligent search problem, where one or more 

agents are employed to determine the optima on a 

search landscape, representing the constrained 

surface for the optimization problem [8]. In mid 

1990s, Eberhart and Kennedy enunciated an 

alternative solution to the complex non-linear 

optimization problem by emulating the collective 

behaviour of bird flocks, particles and called their 

brainchild Particle Swarm Optimization (PSO) [9].  

Kennedy and Eberhart introduced the 

concept of function-optimization by means of a 

particle swarm [10]. Suppose the global optimum of 

an n-dimensional function is to be located. The 

function may be mathematically represented as [11]: 

𝑓(𝑥1, 𝑥2, 𝑥3 … … … … … 𝑥𝑛) = 𝑓(𝑋⃗)        (1) 

Where 𝑋⃗ is the search-variable vector, which 

actually represents the set of independent variables 

of the given function. The task is to find out such a 

vector 𝑋⃗ that the function value 𝑓(𝑋⃗) is either a 

minimum or a maximum denoted by 𝑓∗ in the search 

range. If the components of 𝑋⃗ assume real values 

then the task is to locate a particular point in the n-

dimensional hyperspace which is a continuous of 

such points. At the beginning, a population of 

particles is initialized with random positions marked 

by vectors 𝑋⃗ and random velocity. The population of 

such particles is called a swarm (S). A neighborhood 

relation 𝑁 is defined in the swarm. For any two 

particles 𝑃𝑖  and 𝑃𝑗 , 𝑁 determines whether they are 

neighbors or not. In this case, any particle has all the 

remaining particles in the swarm in its 

neighbourhood. It is also equipped with a small 

memory comprising its previous best position (one 

yielding the highest value of the fitness function 

found so far) 𝑝(𝑡), i.e., personal best experience and 

the best 𝑝(𝑡) for all 𝑃 ∈ 𝑁(𝑃: 𝑔(𝑡))  i.e., the best 

position found so far in the neighborhood of the 

particle. When we set 𝑁(𝑃) = 𝑆, 𝑔(𝑡) is referred to 

as the globally best particle in the entire swarm. The 

PSO scheme has the following algorithmic 

parameters: 

a. Maximum velocity 𝑉𝑚𝑎𝑥which restricts 

𝑉𝑖(𝑡) within the interval [−𝑉𝑚𝑎𝑥 , 𝑉𝑚𝑎𝑥]. 
b. An inertial weight factor 𝜔. 

c. Two uniformly distributed random 

numbers ∅1 and  ∅2 that respectively 

determines the influence 

of 𝑝 (𝑡) and 𝑔(𝑡) on the velocity update 

formula. 

d. Two constant multiplier terms 𝐶1 and 

 𝐶2 known as “self-confidence” and 

“swarm confidence” respectively.  

 

Progress of Particle Swarm Optimization in digital 

filter design  

Particle swarm optimization techniques can be used 

to design infinite impulse response (IIR) filter [12]. 

It is observed that the particle swarm algorithms are 

able to converge very rapidly when the error surface 

is relatively constant. This is the fundamental 

advantage of particle swarm algorithm for online 

adaptive filtering. Though standard PSO exhibits a 

fast convergence initially, it fails to improve further 

because swarm quickly becomes stagnant, 

converging to a suboptimal solution. However, with 

the same set of algorithm parameters, the Modified 

Particle Swarm Optimization (MPSO) particles do 

not stagnate, allowing it to reach the noise floor 

along with the GA. Particle Swarm Optimization 

techniques has also been used to design frequency 

sampling FIR digital filter [13]. By applying PSO to 

optimize transition sample values, the maximum 

stop band attenuation in FIR filter is obtained. It has 
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been experimented that to design FIR filter, PSO is 

more superior to GA not only in the convergence 

speed but also in the performance of filter [13].  

Stable IIR digital filters with non-standard 

amplitude characteristics can be designed using 

particle swarm optimization techniques [14]. PSO 

has been the newly elaborated techniques for 

optimization of multi-modal functions. Design of 

IIR digital filters with non-standard amplitude 

characteristics which considerably differ from 

typical Butterworth, Chebyshev, and Cauer 

approximations, is possible using presented method. 

The IIR digital filter with linearly falling amplitude 

characteristics is designed with the use of proposed 

method. The filter is stable and fulfils all prescribed 

design assumptions.  

Based on the study of cultural algorithms and 

particle swarm optimization, a new method of FIR 

digital filters design, called Cultural Particle Swarm 

Optimization (CPSO) has been developed [15]. 

CPSO is a global convergent algorithm that can find 

out the global optima of the problem. The algorithm 

concept and implementation of CPSO are very 

similar to PSO. The simulation results show that 

CPSO is better than the original PSO and Quantum-

behaved Particle Swarm Optimization (QPSO) with 

more rapid convergence speed and better 

performance of the designed filter. In Combinatorial 

Particle Swarm Optimization (CPSO) the initial 

population is created randomly from the solution 

space. The goal of the fitness function is to evaluate 

the status of each individual. In the FIR digital filter 

based on CPSO, the target is the minimization of the 

following objection function. 

 

Differential Evolution   
Differential Evolution (DE) [11] algorithm has been 

emerged as a very competitive form of evolutionary 

computing more than one decade ago. The first 

written article on DE appeared as a technical report 

by R. Storn and K. V. Price in 1995.One year later, 

the success of DE was demonstrated at the First 

International Contest on Evolutionary Optimization 

in May 1996, which was held in conjunction with 

the 1996 IEEE International Conference on 

Evolutionary Computation (CEC). DE finished third 

at the 1st ICEO, which was held in Nagoya, Japan. In 

quick times, DE has turned out to be the best 

evolutionary optimization algorithm for solving real 

valued test function. Price presented DE at the 

second International contest on Evolutionary 

Optimization in 1997 and it turned out as one of the 

best among the competing algorithms. In 2005 CEC 

competition on real parameter optimization, on 10-

D problems classical DE secured 2nd rank and a Self-

adaptive DE variant called SaDE [16] secured 3rd 

rank although they performed poorly over 30-D 

problems. Later depending upon many improved DE 

variants some optimization techniques has been 

proposed in the period 2006-2009  such as , 

improved SaDE, jaDE [17] ,Opposition Based DE 

(ODE) [18] , DE with global and local 

neighbourhoods (DEGL) and so on. 

The name of the algorithm is Differential 

Evolution (DE) to signify a special type of 

differential operator that has been utilized to create 

new offspring from the parent chromosomes without 

adopting classical crossover or mutation. By 

performing an extensive test bed it has been found 

that this optimization technique converges faster 

with more certainly than any other global acclaimed 

optimization techniques. This algorithm can be 

implemented very easily using very few parameters 

tuning which makes the algorithm reasonably 

popular very soon. Unlike traditional evolutionary 

algorithms (EAs), the DE variants perturb current 

generation population members with the scaled 

differences of randomly selected and distinct 

population members. Therefore no separate 

probability density function has to be used for 

generating the offspring.  

 

Progress of Differential Evolution in Digital Filter 

Design  

Design of digital filters with the aid of Differential 

Evolution algorithm has been studied extensively in 

the literature. Design of IIR filter using Differential 

Evolution (DE) algorithm for both magnitude 

response and group delay has been investigated in 

[28]. Design of an 18parameter IIR-filter using 

Differential Evolution has also been done in [19].  

Application of the IIR filter in system identification 

has been widely studied in [29], since many 

problems encountered in signal processing can be 

characterized as a system identification problem. In 

this case, the parameters of the filters are 

successively adjusted by the DE algorithm until the 

error between the output of the filter and the 

unknown system is minimized. By constraining the 

range of the filter coefficients, the stability is 

guaranteed.  

It has been studied in [20] that to design an 

acceptable filter, DE requires less iteration than GA 

for similar type of design. It has also been 

experimented that the convergence speed of DE is 

much better than GA too. For the design of higher 

order filter, as expected, the algorithms require more 

generations to design an acceptable filter. The 

performance of DE and GA has also been compared 

in terms of the computation time. It was seen that DE 
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requires about 2–3 seconds although GA needs 

approximately 50 seconds to design an optimal IIR 

filter for 50 generations [20]. In terms of the final 

solution, the performance of DE is comparable to 

that of GA since the local search ability of DE is 

better than that of GA.  

Different optimization techniques has judiciously 

been utilized to determine the impulse response 

coefficient of digital FIR filter. A digital FIR filter 

has been designed using convex optimization 

method [30] and the performance of the filter has 

been compared with that obtained by DE technique 

in [31]. The convex optimized as well as DE 

optimized FIR filter has been used as a pulse-

shaping filter in a Quadrature Phase Shift Keying 

(QPSK) [32] modulated system and the resulting 

system performance has also been compared with 

that of standard Raised Cosine (RC) filter. Various 

performance parameters such as Error Vector 

Magnitude (EVM), Signal to Noise Ratio (SNR) and 

Waveform Quality Factor have been evaluated in 

this regard. The performance of the FIR filter under 

both Convex and DE optimization techniques have 

been compared in terms of their magnitude and 

impulse response too. The effect of an important 

control parameter namely, the Weighting Factor, on 

the convergence speed of the DE algorithm 

associated with the efficient design of low-pass FIR 

filter, subsequently used as a pulse-shaping filter in 

a QPSK modulated system, has been investigated in 

[26]. The optimized value of the Weighting Factor 

for the specific design problem has also been 

suggested in the paper [27]. Amongst various 

mutation strategies of Differential Evolution 

algorithm selection of computationally efficient 

mutation strategy for the design of low-pass FIR 

filter has been stated in [33]. In order to find out the 

most favourable mutation scheme, the 

computational efficiency of various mutation 

schemes has also been studied in [33]. A novel self-

adaptive Differential Evolution (SADE) [34] 

algorithm has been proposed for the design of 

multiplier-less low-pass linear phase FIR filter to 

improve the computational efficiency of this 

algorithm as shown in [34]. The performance of DE 

optimization technique has been evaluated in terms 

of its convergence behaviour for different mutation 

schemes in [23]. After analysing the magnitude and 

impulse responses the most suitable mutation 

scheme has been suggested for the specific design 

problem. An attempt has been made for designing of 

multiplier-free Finite duration Impulse Response 

(FIR) digital filter using such robust evolutionary 

optimization technique as described in [35]. The 

performance evaluation of the designed filter using 

Differential Evolution with other existing discrete 

coefficient FIR model has also been carried out in 

[25]. Design of low-pass FIR pulse-shaping filter 

using a novel self-adaptive Differential Evolution 

Technique has been carried out in [16]. The effect of 

two control parameter namely weighting factor and 

cross-over probability of DE optimization technique 

on the design of low pass FIR filter has extensively 

been studied in [24]. The De optimized filter has 

been utilized as a pulse-shaping filter in a QPSK 

modulated system and its performance has further 

been studied in terms of Bit Error Rate (BER). The 

Differential Evolution algorithm has been proposed 

for the minimization of the number of coefficients of 

standard raised cosine (RC) pulse-shaping of 

different lengths, without affecting its performance 

to a great extent as seen in [36]. It has been 

established for the simulation results that the 

proposed filter provides a significant reduction in 

the number of tap coefficients without much 

degradation in its performance.   

A linear phase finite impulse response (FIR) filter 

has been designed using Differential Evolution 

Particle Swarm Optimization (DEPSO) technique as 

mentioned in [37]. Here two different fitness 

functions have been studied and experimented, each 

having its own significance. The first study 

considers a fitness function based on the pass-band 

and stop-band ripple, while the second study 

considers fitness function based on the mean 

squared error between the actual and the ideal filter 

response. DEPSO [37] seems to be one of the 

promising tools for FIR filter design especially in a 

dynamic environment where filter coefficient have 

to be adapted and fast convergence is of paramount 

significance. In recent times, it has been observed 

that the DE algorithm based on reverse gene can also 

be applied for the design of digital filter [38]. It can 

produce new chromosomes in every generation by 

combining reversed gene of special chromosome 

into a single entity. 

 

III. CONCLUSION 

Carrying out literature review is very significant in 

any research project as it clearly establishes the need 

of the work and the background development. It 

generates related queries regarding improvements in 

the study already done and allows unsolved 

problems to emerge and thus clearly define all 

boundaries regarding the development of the 

research project. Plenty of literature has been 

reviewed by us in connection with optimization 

systems in digital filter design and the significantly 

related ones have been discussed in this paper. 
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