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Abstract - In this paper, design band pass finite impulse response (FIR) filter using Improved Particle Swarm Optimization 

Algorithm. The filter determination is to be realized PSO algorithm produces the best coefficients and attempt to meet the 
ideal frequency response. Particle swarm optimization (PSO) proposes a condition for the velocity vector and updated 
particle position. Improved Particle Swarm Optimization (IPSO) is a improved PSO that propose global search ability of the 
PSO is especially enhanced with help of modified fitness function and solution quality is also improved. In the design 
process, feasible pass band and stop band ripple sizes is specified. A comparison of simulation results reveals the 
optimization efficiency of the improved PSO algorithm over the PSO optimization technique for the solution of the 
multimodal, non-differentiable, highly non-linear filter design issues. 
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I. INTRODUCTION 

 

Digital filters are a very essential part of DSP which 

convert an incoming signal in the desired way to 

extract useful information and discard unwanted 

components. The aim of filter is improve quality of a 

signal, extract information from signal and isolated 

two or more signals which are previously combined. 
Digital filter have variety of application such as 

control system, signal processing, communication, in 

several audio and video processing and in defense 

equipment etc. Digital filter are better than analog 

filter because of its wide scope of application and 

better performance. The digital filter main advantages 

are small physical size, high reliability stable 

performance, gives higher accuracy, flexibility, 

adjustable frequency response. In comparison with 

analog filter, digital filter might be progressively 

costly due to their software complexity. 
Normally, digital filter is separated into two ways 

finite impulse response filter (FIR) and infinite 

impulse response filter (IIR). In the FIR filter, the 

impulse response is finite duration. Whereas, In the 

IIR filter, the impulse response is infinite duration. IIR 

filter are executed using recursive structure, whereas, 

FIR filter are executed using non recursive 

structure.FIR filters have various number of 

advantages over IIR filters: FIR filters can have an 

exact linear phase, finite impulse response filters are 

stable, the design methods are commonly linear, No 

feedback is required which reduces the circuit 
unpredictability and thus FIR filters are constantly 

stable. 

The filter design aim is to find the filter coefficients 

by optimizing the error function. There are different 

techniques for the design of FIR filters for example 

window design technique, frequency sampling method 

etc. Window method is the most famous method. In 

this technique, ideal impulse response is multiplied 

with a window function. There are different types of 

window functions like Rectangular, Hamming, 

Blackman, Butterworth, Chebyshev, Kaiser etc. In any 

case, window method do not permit adequate control 

of the frequency response in the different frequency 

bands and other filter parameters, for example, 

transition width. So, evolutionary optimization 

techniques have been implemented for the design of 

optimal digital filters with better control of parameters 
and the highest stop band attenuation and lowest stop 

band ripples. A different evolutionary algorithms like 

genetic algorithm (GA), bee colony algorithm(BCA), 

differential evolution(DE)[ 3, 9-11] etc. has been used 

for the design of digital filter. 

Particle Swarm Optimization (PSO) is an evolutionary 

algorithm developed by Dr. Eberhart and Dr. Kennedy 

in 1995, inspired by social behavior of bird flocking or 

fish schooling[5].The PSO has advantages like, it is 

simple to implement and its convergence are 

monitoring by few parameters. Some of the works 
done in order to explore the flexibility of FIR filter 

design provided by PSO[11,14]. 

This paper comparison work on the use of PSO and 

IPSO algorithms for designing FIR filter consisting 

band-pass. The limitations of the regular PSO are that 

it might be impacted by premature convergence and 

stagnation problem. IPSO algorithm try to find the 

best coefficients which are closely match the ideal 

frequency response. 

The rest of the paper is arranged as follows. In section 

II, the FIR filter design problem is formulated. Section 

III briefly discusses on the algorithm of classical PSO 
and the Improved PSO algorithm. Section IV 

describes the simulation results obtained for band-pass 

FIR digital filter using, PSO and the proposed IPSO 

approach. Finally, section V concludes the paper. 

 

II. FIR FILTER DESIGN 

 

The filter design the aim is to find the filter 

coefficients by optimizing the error function. The 
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main advantage of the FIR filter structure is that it 

can achieve exactly linear-phase frequency response. 
A digital FIR filter is characterized by 

H z 

=   h(n)z−N

N

n=0

                                                            (1) 

Where, h(n) is called impulse response. 

The difference equation representation is 

y n = h 0 x n + h 1 x n − 1 + ⋯
+ h N x x − N   (2) 

Where order of filter is N, while N+1is the length of 

filter which is equal to the number of coefficient. This 
paper presents the even order FIR band-pass filter 

design with coefficients h(n). The design FIR filter are 

positive symmetry, Nisan even number and only 

(N/2+1) coefficients of h(n)need to be designed. After 

optimization they are concatenated to obtain all the 

(N+1) band-pass FIR filter coefficients. Magnitudes of 

Ideal filter in the pass band and stop band are one and 

zero. Error function is formed by the errors from the 

magnitude responses of the ideal filter and the 

designed filter. Filter parameters which are 

responsible for the filter design are stop band 

normalized cut-off frequency ωs, pass band 

normalized cut-off frequency ωp, pass band and stop 

band ripples δp,δs. 
The frequency response of the FIR digital filter can be 

defined as follows: 

H ejωk  

=   h n e−jωk n

N

n=0

;                                             (3) 

Where, ωk =
2πk

N
;is the filter frequency response. Its 

frequency is sampled from 0 to π with N points. 

 

        Hd ω 
=  Hd ω1 ,  Hd ω2 ,  Hd ω3 , …… , Hd ωN  T(4) 

 

   Hi ω 
=  Hi ω1 ,  Hi ω2 ,  Hi ω3 , …… , Hi ωN  T     (5) 

Where, Hd  represents magnitude response of the 

designed filter and Hi  represents magnitude response 

of the ideal filter and for band-pass FIR filter is given 

by 

Hi w = 1forωpl ≤ ω ≤ ωph ; 

= 0otherwise.                                             (6) 

 

A. Fitness Function 

A newly error fitness function (7) has been design in 

order to obtain higher stop band attenuation and to 
have an approximately control on transition width. 

       J2 =   abs abs  H ω  − 1 − δp 

+  [abs( H ω  

− δs)]                     (7) 

In the above Eq. (7), the first term is indicate that ω∈ 
pass band including a segment of the transition band 

and the second term is indicate that ω∈ stop band 

including a rest segment of the transition band. The 
segments of the transition band selection depend on 

pass band edge and stop band edge frequencies. The 

error fitness function given in (7) represents 

generalised fitness function to be minimized using the 

evolutionary algorithm. Algorithm try to minimize 

this error fitness and subsequently improve the filter 

performance. J2includes summation of all absolute 

errors for entire frequency band, and hence, 

minimization of J2 gives much highest stop band 
attenuation and less stop band ripples. This greatly 

reduces the computational load of the algorithms, 

applied to the optimal design of linear phase positive 

even symmetrical FIR filters. 

 

III. EVOLUTIONARY OPTIMIZATION 

TECHNIQUES 

 

A. Particle Swarm Optimization 

PSO is a flexible, strong population based 

optimization technique with certain parallelism, which 

can easily handle with non-differential objective 

function, in different traditional optimization methods. 

In PSO, each "bird" is single solution in search space 

called as a “particle”.  Every particle has fitness value 

which are evaluated by the fitness function to be 

optimized, and have velocity which give direction of 
flying of the particles. The particle is flying through 

the search space by following current optimize 

particles.PSO is initialized with a group of random 

particles (solutions) and then search for optima by 

updating generation. Every particle have some best 

solution (fitness), it has achieve so far. This value is 

called as pbest. Another value that is tracking by the 

particle swarm optimizer is the best value achieved so 

far by any particle in the population. This value is 

global best and called as gbest. Every particle tries to 

improve its position by using the following 

information: 
– The distance between the current position and the 

pbest. 

– The distance between the current position and the 

gbest. 

Mathematically, velocities of the particles are updated 

according to the following equation: 

Vi
 k+1 

= ω ∗ Vi
k + C1 ∗ rand1 ∗  pbesti

k − Si
k + C2

∗ rand2

∗  gbestk − Si
k                             (8) 

Where, Vi
k  is the velocity of ith particle at kth iteration; 

ω is the weighting function; C1 and C2are the positive 

weighting factors; rand1 and rand2 are the random 

numbers between 0 and 1;Si
k  is the current position of 

i
th

 particle at k
th
 iteration;pbesti

k  is the personal best 

of ith particle at kth iteration;gbestk is the group best of 

the group at the kth iteration. 

 
The searching point in the solution space may be 

modified by the following equation: 
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  Si
 k+1 

= Si
k +  Vi

 k+1 
                                                

(9) 

In the Eq. (9) first term is previous velocity of the 

particle. The second and third terms are used for 
change the velocity of the particle. 

1. Basic steps of PSO 

Step1: Initialize random particles. 

Step2: Calculate the value of fitness function for every 

particles and find out the personal best. 

Step3: If current fitness value is better than personal 

best then assign it as new pbest else keep past best. 

Step4: Assign personal best of the group as global best 

(gbest). 

Step5: Again update the position & velocity of all the 

particles using equation (7). 
Step6: Repeat steps 2 to 5 until the maximum iteration 

is reached. 

 

B. Improved Particle Swarm Optimization 

The global search capacity of conventional PSO is 

improved with the help of following modifications. 

This modified PSO is termed as IPSO [ 8]. 

The two random parameters rand1 and rand2 of Eq. 

(8) are independent. If both are large, both the 

personal and social experiences are over used and the 

particle is too far away from the local optimum. If 
both are small, both the personal and social 

experiences are not used fully and the convergence 

speed of the technique is reduced. So, instead of 

taking independent rand1 and rand2 chose one single 

random number r1. When r1is large, (1 - r1) is small 

and vice versa. To control the balance of global and 

local searches, another random parameter r2 is 

introduced. 

For birds flocking for food, there could be some 

uncommon cases that after the position of the particle 

is changed by Eq. (8), a bird may not, because of 

inertia, fly toward a region at which it thinks is most 
promising for food.Instead, it may be leading toward a 

region which is in the opposite direction of what it 

should fly in order to reach the expected promising 

regions. So, in the step that follows, the direction of 

the bird’s velocity should be reversed in order for it to 

fly back into promising region. The sig(r3) is 

introduced for this purpose. Both cognitive and social 

parts are modified accordingly. 

 

A new variation in the velocity expression Eq. (8) is 

developed by splitting the cognitive component 
(second part of (8)) into two distinct components.The 

first component of the velocity is called good 

experience component.That is, the particle has a 

memory about its recently visited best position.The 

second component of the velocity is called bad 

experience component.The bad experience component 

helps the particle to remember its previously visited 

worst position. The inclusion of the worst experience 

component in the behavior of the particle gives 

additional exploration capacity to the swarm. By using 

the bad experience component, the bird (particle) can 

bypass its previous worst position and always try to 

occupy a better position. 
Finally, with all modifications, the modified velocity 

is expressed as follows: 

 

       Vi
 k+1 

= r2 ∗ sig r3 ∗ Vi
k +  1 − r2 ∗ C1 ∗ r1

∗  pbesti
k −  Si

k +  1 − r2 ∗ C2

∗  1 − r1   ∗  gbestk − Si
k  

+   1 − r2 ∗ C1 ∗ r1

∗   Si
k − pworsti

k  10  

 

Where, sig(r3) is a function defined as: 

 

sig r3 = −1whenr3 ≤ 0.05 

= +1whenr3 > 0.05 

 

Vi
k is the velocity of the ith particle at the kth iteration; 

r1 , r2 and r3  are the random numbers between 0 and 

1; Si
k  is the current position of the ith particle at the kth 

iteration; pbesti
k  and pworsti

k  are the personal best 

and the personal worst of the ith particle;gbestk is the 

group best among all pbest for the group. 
 

IV. RESULTS AND DISCUSSIONS 

 

A. Magnitude Response of BP FIR filter 

MATLAB simulation works performed for the design 

of FIR filter. The order of filter is taken as 20, i.e., the 

number of filter coefficients is 21. The sampling 

frequency is taken to be fs = 1Hz. The number of 

frequency samples is taken as 128. The algorithm is 
run for 20 times to get the optimal solution. 

Table1. Show the various parameters for PSO and 

IPSO respectively. 

 

Parameters PSO IPSO 

Population size 25 25 

Iteration cycles 200 100 

C1 = C2 2.05 2.05 

vmin -0.1 -0.1 

vmax 0.1 0.1 

W 0.25 0.25 
Table 1. PSO & IPSO parameters 

 

The designed parameters of the BP FIR filter is: Pass 

band ripple (δp) = 0.01; Stop band ripple (δs) = 

0.001; lower pass-band normalized edge frequency 
(ωpl) = 0.4; higher pass-band normalized edge 

frequency (ωph) = 0.55; lower stop-band normalized 

edge frequency (ωsl) = 0.6; higher stop-band 

normalized edge frequency (ωsh) = 0.75 . 

 

h(N) PSO IPSO 

h(1) = 

h(21) 
-0.016202005048410 -0.007191799756021 

h(2) = 

h(20) 
0.030434822159363 0.020373316334939 

h(3) = 0.024940823185584 0.018882332309595 
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h(19) 

h(4) = 

h(18) 
0.057078187143990 0.064237634788397 

h(5) = 

h(17) 
-0.048337480666600 -0.052011900947514 

h(6) = 

h(16) 
-0.080451333678572 -0.081590200563866 

h(7) = 

h(15) 
0.118539741623537 0.117020582515179 

h(8) = 

h(14) 
0.081305251405506 0.077024188461062 

h(9) = 

h(13) 
-0.188570335897805 -0.180528074218385 

h(10)= 

h(12) 
-0.034542002875786 -0.032016206028563 

h(11) 0.219258513607388 0.207657720194291 

Table2.Otimized coefficients of FIR BP filter of order 20 

 

 
Figure1.dB plot for FIR BP filter of order 20. 

 

Figure1 show the magnitude responses of the band 

pass filter using PSO and IPSO. From Figure1, it is 

observed that IPSO gives the best magnitude 

response as compared to PSO. 
 

Algorithms 
Stop Band 

Attenuation(dB) 

PSO -20.54 

IPSO -21.87 
Table 3. Comparison summary of stop band attenuation of 

PSO & IPSO for BP FIR filter 

 

Table 3 show that the maximum stop band attenuation 

achieve for the BP filter using the IPSO is-21.87 

respectively. The IPSO achieves the best stop band 

attenuation as compared to PSO. 

 

B. Convergence Profile for PSO & IPSO 
Figures 2 and 3 shows the convergence profiles 

obtained for band-pass FIR filter, using PSO and 

IPSO algorithms, respectively. The minimum cost 

values are plotted against the number of iteration 

cycles to get the convergence profiles for the PSO and 

IPSO. From Figures 2 and 3, it is observed that IPSO 

converge is lower cost value than PSO for the band-

pass FIR filter. IPSO saves computational time as well 

as cost. 

 
Figure2. Convergence profile for PSO in case of 20 order FIR 

filter. 

 

 
Figure 3 Convergence profile for IPSO in case of 20 order BP 

FIR filter. 

 

V. CONCLUSIONS 
 

In this paper, Improved Particle Swarm Optimization 

(IPSO) is proposed for optimize solution of the 

multimodal, non-differentiable, and highly nonlinear 

FIR. Filters of order 20 have been realized using PSO 

as well as the proposed IPSO algorithm. Compare the 

performance of IPSO with PSO, minimized the pass-

band and stop-band ripples efficiently, and give better 

magnitude response. Also convergence speed of IPSO 

is better and gives best optimized result. 
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