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Abstract: In this paper, filter design procedure is analysed for the designing of finite impulse response (FIR) filter with 

wanted parameter details using two optimization techniques known as Bat and Particle Swarm Optimization (PSO) 

optimization algorithms. Earlier optimization techniques were not efficient in solving non-differential functions as those 

for FIR filters and these stuck on local optimal solution. Therefore, in this PSO and BAT optimization algorithms are 

used to overcome this problem. These are based on the population method where a group of individuals are considered 

and their parameters are analysed and varied to reach at the optimal result. PSO works in correspondence to the swarm 

of birds whereas bat is based on the behaviour of bats and their echolocation property. Using these algorithms, the 

optimal impulse response coefficients of the different FIR filters are determined to meet their ideal response. Simulative 

results of both these techniques are compared on the basis of their pass band and stop ripples. These results demonstrate 

that the Bat is slightly better than PSO.  
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1. INTRODUCTION 

A filtering is a process by which required 

frequency components of the signal are made to 

pass through the circuit and unwanted are rejected. 

It changes the frequency response of any signal in 

correspondence to the system requirements. 

Depending upon the type of the signal, filtering can 

be analog and digital. Analog filters deals with 

analog signals and are made up of analog 

components whereas digital filters are programmed 

on a chip and operates on digital signals. With the 

various advancements in integrated technology, 

digital filters are getting much popularity due to 

well-known merits of digital field in spite of their 

higher cost which is due to the system complexity. 

Digital filters are further categorized into Finite 

Impulse Response (FIR) filters and Infinite Impulse 

Response (IIR) filters. FIR filters also known as 

non-recursive filters have finite duration of their 

impulse response. It has only zeroes and termed as 

all-zero filters. Whereas IIR filters contains both 

poles and zeroes and has infinite duration of 

impulse response. Due to the linearity and stability 

of the output, FIR filters are the preferred choice 

among the digital filters. Apart from this, filters are 

also divided on the basis of the selection of 

different frequency bands as low pass, high pass, 

band pass, and band stop filters [1] [2]. 

Designing of a filter requires its parameters to 

be selected appropriately in order to from a 

required frequency response. These parameters are 

pass band frequency, stop band frequency, bass 

band and stop band ripples, filter order etc. Since 

years, different design approaches are considered 

by different researchers and proved their efficiency 

for designing FIR filters such as windows design 

method [1] [3] [4] [5], frequency sampling 

technique [1] [4] [5] [6], and optimal design or 

weighted least squares [1] [4] [5]. Earlier windows 

technique was one of the favourable methods for 

designing of these filters but loses its interest due to 

the generation of non-optimal solution and 

moreover, in windows method, a designer has to 

compromise on certain design parameters. 

Therefore, to overcome these disadvantages, FIR 

filters were designed by using optimization 

methods which can approximately generates an 

ideal filter. An optimization is a process in which 

best possible variables are selected form a given 

variables under desired conditions. Different design 

algorithms such as Parks McClellan algorithm [7], 

Genetic Algorithm (GA) [8], Particle Swarm 

Optimization (PSO) [8] [9] [10], Differential 

Evolution (DE) [10] [11], Artificial Bee Colony 

Optimization (ABC) [12], Teaching Learning 

Based Optimization (TLBO) [13] [14], Cat Swarm 

optimization [14] and Cuckoo Search algorithm 

(CS) [15] have been used in the design procedure 

of FIR filters. Yang [16] developed a new 

algorithm known as Bat optimization algorithm 

which is based on the behaviour of bats and utilises 

their echolocation property. Using this echolocation 

phenomenon, they find out the distance of their 

food. Severino et al. presented the design algorithm 

for low pass FIR filter using PSO and Bat 

optimization technique and Bat optimization proves 

to be best among PSO and Parks McClellan [17]. 

Nowadays, Bat algorithm is considered an 

appropriate optimization technique for solving 

majority of the optimization problems. It is being 

used in almost every field of engineering, such as 

optimization [16] [18], image processing [19] [20], 

data mining, feature selection, fuzzy logic [21] 

[22], artificial neural networks and many more. As 

per the literature review, it is not been used much 

for optimizing FIR filter parameters. In this paper, 

BAT optimization algorithm has been used to 
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design the FIR band pass filter. The simulation 

results based on this design is presented here. 

The paper is arranged in the following manner. 

Section 1 presents the introduction. Section 2 

describes the design procedure. In Section 3 and 4, 

PSO and Bat optimization technique are discussed. 

Section 5 presents the simulation results obtained 

by the technique. Finally, Section 6 concludes the 

paper. 

 

2. DESIGN PROCEDURE 

In digital filter design, the main aim is to form 

favourable magnitude response characteristics in 

accordance with the given design parameters of 

filters. Filters are usually designed as per the 

characteristics of an ideal filter. However ideal 

filters are non-causal filters and are of infinite 

duration. So FIR filers are formed by truncating the 

impulse response of ideal filters and their response 

characteristics are made comparable to the 

frequency response characteristics of filter [1] [2] 

[4]. The frequency response of filter is given as:  

  ( 
  )   ∑  ( )      

                                        
(1) 

                        

where h (n) represents the impulse response of 

filter. N is the order of filter with N+1 number of 

coefficients. Filters are also classified according to 

the selection of the desired frequency components 

as low pass, high pass, band pass and band stop 

filters. Low pass filters are termed as the filters 

which selects the low frequency band and rejects 

the frequency components more that the cut-off 

frequency. High pass filters rejects the low 

frequencies till the cut-off frequency. Band pass 

and band stop filters have two cut-off frequencies 

as they pass and stop the desired band of 

frequencies starting from first cut-off value and 

ending at the second one. Band pass filters pass that 

desired band and band stop filters stop the desired 

band of frequencies. However, the designed filter is 

not same as that of ideal filter as it have some 

ripples in pass band as well as stop band which can 

be in individually specified in some of the design 

techniques.    and    are the ripple magnitudes of 

pass-band and stop-band respectively 

        | (    )|       | (    )|       (2) 

         | (    )|                  (3) 

For wi € pass band                      

The main objective of this paper is to design 

an FIR filter with optimal design conditions by 

using PSO and Bat optimization algorithms. The 

designed FIR filter is of linear phase and even 

order and thus the coefficients of this filter come 

out to be even symmetric which reduces the 

dimension of our design problem. As only half of 

the coefficients are optimized using optimization 

techniques and by using concatenation operation 

final N+ 1 coefficient are formed. As seen from the 

literature, different parameters are optimized by 

fixing the other parameters. In [15], filter order (N), 

pass band and stop band ripples are made fixed and 

varying the other parameters. In Parks and 

McClellan (PM) algorithm [7], filter order (N), 

pass band and stop band frequencies (wp and ws), 

and the ratio of        is fixed. Error function is the 

main parameter which is considered in almost all 

optimization problems for designing FIR filters. It 

is considered to be the minimization objective 

function of the problem to be solved which needs 

to be minimized by the application of iteration 

procedure. 

The Parks McClellan algorithm uses the error 

function [7] as presented in (10). 

 ( )   ( )   (  )   (  )         (4) 

where   (  ) is the frequency response of desired 

filter and   (  ) is the frequency response of ideal 

filter. G (w) represents the weighting function. The 

ratio of       is fixed in this which is the main 

drawback of this phenomenon. Different literatures 

deal with the different error functions as presented 

in [23] [24] [25]. However, every design problem 

has their merits and demerits. The error function 

which is used in this paper has the advantage of 

individually defining the required values for pass 

band and stop band ripples [8]. 

   (| ( )|     )    

      
  (| ( )|     )    

      

           (5) 

 

3. PSO OPTIMIZATION ALGORITHM 

Particle swarm optimization algorithm is a swarm 

based technique based on the swarm of birds or 

school of fish or any other living creatures that 

follow the path by learning from their fellow mates. 

It was initially developed by Kennedy and Eberhart 

[26] in 1995. After its origin, it has gained very 

popularity in almost every field of optimization as 

it has the advantage of not getting trapped in the 

local optimal solution but solves the problem at a 

global approach [27]. Every individual varies their 

parameters in accordance with the group of 

individuals known as swarm especially position has 

two values-personal best (pbest) and global best 

(gbest) where personal best is the best position of 

individual particle and global best is the best 

position of that particle among the entire group. 

Each particle modifies their position and velocity 

according to the following equations and this is 

done by following the iterative procedure. The 

velocity of the particle is updated as per the 

following equation: 

  
(   )

      
             (      

  

   
 )             (           

 )              (6) 

where   
  is the velocity of i

th
 particle vector at k

th
 

iteration; w is the weighting function; C1 and C2 are 

the positive weighting factors; rand1 and rand2 are 

the random numbers between 0 and 1;   
  is the 

current position of i
th

 particle vector h (n) at k
th
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iteration;       
  is the personal best of the i

th
 

particle at the k
th

 iteration;        is the group best 

of the group at the k
th

 iteration. 

The position of the particle is updated according to 

the following equations: 

  
(   )

    
     

(   )
         (7) 

 

3.1 Filter design using PSO algorithm 
PSO is considered to be efficient for solving non-

differential functions like those for FIR filters. 

Following steps are followed for solving this 

design problem: 

Step 1: Specify the controlling parameters for FIR 

filters such as pass band and stop band frequencies, 

order of the filter, pass band and stop band ripples.  

Step 2: Specification of PSO parameters such as 

control parameters of PSO (cognitive and social 

acceleration values, weighting function and the 

values for rand1 and rand2), maximum number of 

iterations and size of population.  

Step 3: Initialize the positions of the particle in a 

population according to the coefficients of filter 

and also define the value of velocity. 

Step 4: Calculate the fitness value for each particle 

using “eq. (5)”. 

Step 5: Update the positions and velocities of all 

the particles in accordance with “eqs. (6) and (7). 

Step 6: Measure the fitness from the updated value 

of velocity and position. 

Step 7: Check if the updated fitness value of the 

personal best is less than the earlier value of fitness. 

If yes mark it to be best value otherwise condition 

for the number of maximum iteration is viewed. If 

yes program is terminated otherwise again start 

from step 5. 

Step 8: Look for the updated fitness value in 

accordance with the global value. If it comes out to 

be less than previous value than stop the process 

otherwise check whether maximum number of 

iteration is reached. If yes terminate the program 

and if not repeat from the step 5. 

 

4. BAT OPTIMIZATION ALGORITHM 

Bat optimization is a search algorithm depending 

upon the behaviour of bats and their echolocation 

capability. It is proposed by Yang [16] and works 

according to the search behaviour of bats for their 

food. This technique is almost similar to PSO but 

senses the distance using echolocation property and 

takes advantage of frequency equation. To utilise 

this algorithm for any optimization problem, 

initialised values for velocity, position, minimum 

frequency, wavelength and loudness values are set 

to find out the target.  

Bat Motion and variations of loudness and pulse 

rates 

Each bat has its initialized velocity vi, position xi 

and pulse frequency fi in a solution space. The new 

velocity position vi
t
 and position xi

t
 of the bats are 

updated at every time step t in accordance with the 

velocity and position equations as follows: 

fi = fmin + (fmax − fmin)β         (8) 

vi
t
 = vi

t-1
 + (xi

t-1
 – x*)f I        (9) 

xi
t
 = xi

t-1
 + vi

t
        (10) 

xnew = xold +εA
t
                      (11) 

Ai
t+1

 = αAi
t
                     (12) 

ri
t+1

 = ri
0
 [1−exp(−γt)]       (13) 

 

4.1 Filter design using Bat algorithm 

For designing FIR filters using Bat algorithm, 

following steps are implemented: 

Step 1: Determine the controlling parameters for 

FIR filter such as pass band and stop band 

frequencies, order of the filter, pass band and stop 

band ripples.  

Step 2: Specify he parameters for Bat optimization 

such as loudness, pulse rate value, the frequency 

range to determine the scaling, maximum number 

of iterations and population size. 

Step 3: Initialize the arrays for the frequency and 

velocity values. 

Step 4: Calculate the fitness value for each 

individual using “eq. (5)”. 

Step 5: Update the frequency, velocities and 

positions of all the individuals in accordance with 

“eqs. (8), (9) and (10). 

Step 6: Check if random number generated is 

greater than pulse rate value, if yes then select the 

solution from the best ones and generate a local 

solution around this using “eq. (11)” otherwise 

generate a local solution by randomly selecting a 

solution. 

Step 7: Measure the fitness from these updated 

values. Update the new solutions otherwise repeat 

the process from step 5. Also update the value of 

loudness and pulse rate. 

Step 8: Generate the filter coefficients using these 

updated solutions by selecting the best bat among 

the entire group. 

 

5. SIMULATIVE RESULTS 

This section illustrates the simulative results 

performed on MATLAB software for the designing 

of FIR band pass filter. The filter parameters are as: 

filter order = 40 thus filter coefficients = 41, 

sampling frequency = 1 Hz, frequency samples = 

512. For band pass upper and lower cut off 

frequencies (normalised) are 0.3 and 0.7 

respectively. The number of iterations considered 

for the optimization problem to achieve the optimal 

solution = 100. Table 1 shows the parameters for 

the PSO and Bat algorithm. Table 2 shows the 

optimized filter coefficients for both PSO and Bat 

optimization. These coefficients are obtained for 

filter order 40 thus generating number of 

coefficients to be 41. As the filter is even 

symmetric, only 21 coefficients are formed and rest 

are same to the previous ones.  
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Table 1: Parameters for the PSO and Bat algorithm 

Parameters  PSO Bat 

Population Size  20  20 

Max.Iteration Cycle  100  100 

C1, C2  2, 2   

V1
min

, v1
max

   0, 1   

W  1   

A    0.5 

R    0.5 

Fmin, Fmax    0, 2 

Limits of filter 

coefficients 0, 2 0, 2 

 

Table 2: Optimized coefficients of the FIR BP filter 

of order 40 

 
PSO coefficients BAT coefficients 

h(1)=h(41

) 

-

0.001214369204

505  

-

0.000000000000

000 

h(2)=h(40

) 

0.001522268564

581 

0.000000000000

000 

h(3)=h(39

) 

0.002973535838

728 

0.003455252881

205 

h(4)=h(38

) 

-

0.001645226601

158   

-

0.000000000000

000 

h(5)=h(37

) 

-

0.000735603523

839 

-

0.003933584849

155 

h(6)=h(36

) 

-

0.001883697667

381 

-

0.000000000000

000 

h(7)=h(35

) 

-

0.009748958753

003    

-

0.007221104373

597 

h(8)=h(34

) 

0.006430359196

770 

0.000000000000

000 

h(9)=h(33

) 

0.015163993476

709 

0.020114518991

526 

h(10)=h(3

2) 

-

0.002567195959

388 

-

0.000000000000

000 

h(11)=h(3

1) 

0.010132039484

216 

0.000000000000

000 

h(12)=h(3

0) 

-

0.009569681967

778 

-

0.000000000000

000 

h(13)=h(2

9) 

-

0.052623777266

360 

-

0.051731808303

021 

h(14)=h(2

8) 

0.012823827125

964 

0.000000000000

000 

h(15)=h(2

7) 

0.036064140137

315 

0.050643023710

857 

h(16)=h(2

6) 

0.002703712487

528 
0 

h(17)=h(2

5) 

0.098874631953

592 

0.085504061477

255 

h(18)=h(2

4) 

-

0.018564998047

412 

-

0.000000000000

000 

h(19)=h(2

3) 

-

0.289544756381

137 

-

0.296517071230

397 

h(20)=h(2

2) 

0.011207972060

511 
0 

h(21) 
0.381081527852

430 

0.400813827342

926                    

 

Figure 1 shows the comparison of the normalized 

magnitude responses of both PSO and Bat 

optimization technique. Figure 2 depicts the dB 

plot for FIR pass band ripple.  Figures 3 and 4 

represents the pass band and stop band ripples for 

FIR band pass filter. In figure 5, comparison of the 

convergence profile i.e. the error function is shown 

for both the optimization techniques. The minimum 

fitness function for PSO is 94.162448726144376 

and for Bat, it is -2.0073. This clearly shows that 

the error function for Bat comes out to be less than 

PSO depicting that it can best approximate the ideal 

filter characteristics. Till the iteration number 48, 

PSO value was less than Bat but at higher 

iterations, PSO value goes slightly higher than bat. 

 
            Figure 1: Normalised plot for FIR filter 

 
Figure 2 : dB plot for FIR filter 
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Figure 3 : Normalised Pass band ripples 

 
Figure 4: Normalised Stop band ripples 

 
Figure 5: Comparison of convergence profile for 

PSO and Bat 

 

6. CONCLUSION 

In this paper, FIR band pass filter is designed using 

Bat and PSO algorithms. As per the output variable 

and figures, both the techniques were found 

efficient for this processing. Earlier optimization 

techniques could not appropriately design an FIR 

filter which is a multi-modal problem, as those 

techniques usually struck on the local optimal 

solution. In order to overcome that PSO and BAT 

optimization algorithms are used in this paper and 

efficiently proved their results. The magnitude 

response generated are very feasible and also the 

pass band and stop band ripples are very less 

comparable to the earlier techniques. Maximum 

pass band ripple for Bat is approximately equals to 

1.0039 dB which is quite a low value and similarly 

for PSO it is 1.0057. The value of error function is 

also not very high which is equals to 

94.162448726144376 for PSO and for Bat, it is -

2.0073 making the techniques competitive to other 

optimization methods. 
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