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Abstract - The paper represents the design of recursive 

second order Butterworth low pass digital filter which 

optimizes both the magnitude and group delay 

simultaneously under the Multi-Objective Big Bang-Big 

Crunch Optimization algorithm. Multi-Objective problem of 

magnitude and group delay are solved using Multi-Objective 

BB-BC Optimization algorithm that operates on a complex, 

continuous search space and optimized by statistically 

determining the abilities of Big Bang Phase and Big Crunch 

Phase. Here both experimented fitness functions (magnitude 

error function and group delay error function) based on the 

mean squared error between the actual and the ideal filter 

response. MATLAB programming is used for 

implementation of proposed algorithm. Experimental results 

show that the proposed method can effectively optimize the 

magnitude and group delay functions simultaneously and by 

using this optimization algorithm, group delay becomes more 

constant in the passband than the other optimization 

algorithms. The Multi-Objective BB-BC Optimization seems 

to be promising tool for both IIR and FIR filter design 

especially in a dynamic environment where filter coefficients 

have to be adapted and fast convergence is of importance.   

 

Keywords - Butterworth Low Pass Filter, Multi- Objective 

Optimization, Simultaneously Optimization Of Magnitude 
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I. INTRODUCTION 
 

It is desirable to have circuits capable of selectively 

filtering one frequency or range of frequencies out of mix 

of different frequencies in a circuit. A circuit designed to 

perform this frequency selection is called filter circuit or 

simply a filter. 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. In 

contrast, digital filters use digital processors which 

perform mathematical calculations on the sampled values 

of the signal in order to perform the filter operation. Its 

operation is determined by a program stored in the 

processor‟s memory. This means the digital filter can 

easily be changed without affecting the circuit (hardware). 

Digital filters are easily designed, tested and implemented 

on a general-purpose computer or workstation. These are 

extremely stable with respect to both time and 

temperature. These are very much more versatile in their 

ability to process the signals in a variety of ways, this 

includes the ability of some types of digital filter to adapt 

to changes in the characteristics of the signal. Digital 

filters can be implemented by means of software 

(computer program), dedicated hardware, or a 

combination of software and hardware. Two important 

types of linear digital filters are finite impulse response 

(FIR) filters and infinite impulse response (IIR) filters. 

FIR filters depend only upon present and previous values 

of the input signal whereas IIR filters depend not only 

upon the input data but also upon one or more previous 

output values. A digital IIR filters can provide a much 

better performance than the FIR filters having the same 

number of coefficients. 

Traditionally, different techniques exist for the design of 

digital filters.  Each method has it‟s own limitations such 

as Windowing methods do not allow sufficient control of 

the frequency response in the various frequency bands and 

other filter parameters such as transition width. Designer 

always has to compromise on one or the other of the 

design specifications. So, evolutionary methods have been 

implemented in the design of digital filters, to design with 

better parameter control and to better approximate the 

ideal filter. Since population based Stochastic search 

methods have proven to be effective in multidimensional 

nonlinear environment; all of the constraints of filter 

design can be effectively taken care of by the use of these 

algorithms. From the several emergent research areas in 

which EAs have become increasingly popular, Multi-

Objective optimization has had one of the fastest growing 

in recent 12 years. A Multi-Objective Optimization 

Problem (MOP) differs from a Single-Objective 

Optimization Problem (SOP), because it contains several 

objectives that require optimization. When optimizing a 

single objective problem, the best single design solution is 

the goal. But for multi objective problems, with several 

(possibly conflicting) objectives, there is usually no single 

optimal solution. Therefore, the decision maker is required 

to select a solution from a finite set by making 

compromises. A suitable solution should provide for 

acceptable performance over all objectives. 

Various filter parameters which come into picture are 

the stop band and pass band normalized frequencies (ωs, 

ωp), the pass band and stop band ripple (∂p) and (∂s), the 

stop band attenuation and the transition width. These 

parameters are mainly decided by the filter coefficients. 

Significance of these parameters in actual filters with 

respect to ideal filter is illustrated in Fig. 1. In any filter 

design problem, some parameters are fixed while others 

are determined.  
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Fig.1. Ideal and actual filter magnitude response showing 

passband and stopband ripples and transition band in 

actual filter 

 

The main problem in the design of recursive digital 

filters is to meet the specified magnitude and delay 

characteristics.  

A comprehensive overview of EAs in Multi-Objective 

optimization was published by Fonseca and Fleming [1]. 

The authors categorized several evolutionary approaches 

regarding plain aggregating approaches, population-based 

non-Pareto approaches and Pareto-based approaches. The 

Niched Pareto Genetic Algorithm proposed by Horn and 

Nafpliotis [2], combine tournament selection and the 

concept of Pareto dominance. Another Multi-Objective 

EA which is based on Pareto ranking is the Non-

dominated Sorting Genetic Algorithm (NSGA) developed 

by Srinivas and Dev [3]. Schaffer was the first who 

recognized EAs to be applicable in Multi-Objective 

optimization. He presented a multimodal EA called Vector 

Evaluated Genetic Algorithm (VEGA) which carries out 

selection for each objective separately [4]. Another 

approach which is based on plain aggregation was 

introduced by Hajela and Lin [5]. They use the weighted-

sum method for fitness assignment. To search for multiple 

solutions in parallel, the weights are not fixed but coded in 

the genotype. The authors emphasize mating restrictions to 

be necessary in order to “both speed convergence and 

impart stability to the genetic research”. An extensive, 

quantitative comparison is presented by Eckart Zitzler and 

Lothar Thiele [6], applying four Multi-Objective 

Evolutionary Algorithms: two population-based non-

Pareto EAs [2], [3] and two Pareto-based EAs [4], [5]. 

Coretlazzo and M.R.Lightner [7] have achieved the 

simultaneous design in both magnitude and group delay of 

IIR and FIR filters based on multiple criterion 

optimizations. Sullivan and John W.Adams [8] have 

proposed the algorithm based on the peak– constrained 

least–squares optimality criterion for cascaded IIR filters, 

which can design a filter that has an equalized group delay 

without the use of all pass filters, and it can 

simultaneously meet the frequency response magnitude 

specifications by using all of the filter coefficients 

available to optimize the filter. Lang [9] has used least 

square method for designing IIR filter with prescribed 

magnitude and phase response. This parameterization of 

the transfer function has been used for designing IIR 

filters. Nurhan [10] has proposed a method for design of 

minimum phase digital IIR filters using Genetic 

Algorithm. Gordana Javanovic [11] has proposed a 

method for the design of IIR (Infinite Impulse Response) 

notch filters with desired magnitude characteristic, which 

can be either maximally flat or equi-ripple. Butterworth 

polynomial, used for designing the all pass filter, will 

result in a maximally flat magnitude response. Xi Zhang 

[12] has proposed a novel method for designing 

maximally flat IIR filters with flat group delay responses 

in the pass band. Yu Wang, Bin Li and Yunbi Chen [13] 

develop proper Multi-Objective optimization Evolutionary 

Algorithm for the designing of IIR filter that can provide 

relatively more complete optimal solutions with equal 

consideration of magnitude response, linear phase 

response and the order of structure, and it can 

simultaneously optimize the structure and coefficients of 

digital IIR filter to obtain relatively better linear phase 

response and lower order, besides the good magnitude 

response. A new optimization method relied on one of the 

theories of the evolution of the universe namely, the Big 

Bang and Big Crunch theory was introduced by Erol and 

Eksin [14] which has a low computational time and high 

convergence speed. This method consists of two phases: a 

Big Bang phase, and a Big Crunch phase. The Big Bang–

Big Crunch (BB–BC) Optimization method generates 

random points in the Big Bang phase and shrinks these 

points to a single representative point via a center of mass 

in the Big Crunch phase. After a number of sequential Big 

Bangs and Big Crunches where the distribution of 

randomness within the search space during the Big Bang 

becomes smaller and smaller about the average point 

computed during the Big Crunch, the algorithm converges 

to a solution. Gurleen Kaur and Ranjit Kaur [15] designed 

the recursive butterworth second order digital filter by 

optimizing both the magnitude and group delay 

simultaneously under the Multi-Objective Genetic 

Algorithm. Rashmi Singh and H. k. Verma [16] designed 

linear phase FIR digital using BB-BC Optimization 

algorithm. 

To approximate the magnitude and group delay response 

simultaneously, Multi-Objective BB-BC Optimization 

method is used. In this paper Multi-Objective 

Optimization Problem (MOP) of recursive filter to 

minimize the difference between actual and desired 

response of magnitude and group delay is converted into 

Single-Objective Optimization Problem (SOP) with 

weight method and then Multi-Objective BB-BC 

Algorithm method is used to solve the scalar optimization 

problem. 

 

II. MULTI-OBJECTIVE OPTIMIZATION 

 
(Minimize multiple objective functions subject to 

constraints) 
The optimization method should lead to global optimum 

of the objective function with a minimum amount of 

computation. Optimization algorithm requires comparison 

of a number of a design solution, it is usually time 

consuming and computationally expensive, thus, the 

optimization procedure must only be used in those 

problems where there is a definite need of achieving a 
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quality product or a competitive product. Therefore, they 

tend to locate minima in the locale of the initialization 

point. In recent years, variety of algorithms has been 

proposed for global optimization including Multi variable 

Optimization algorithms and Non-traditional Optimization 

algorithms. Evolutionary strategies for optimization have 

been gaining attention in recent 12 years. Multi-Objective 

formulations are realistic models for many complex 

engineering optimization problems. In many real-life 

problems, objectives under consideration conflict with 

each other, and optimizing a particular solution with 

respect to a single objective can result in unacceptable 

results with respect to the other objectives. In most of the 

applications, particularly those in design, require the 

simultaneous optimization of more than one objective 

function. So Multi-Objective optimization is used to 

minimize or maximize multiple objective functions subject 

to a set of constraints. Multi-Objective Genetic Algorithm 

is implemented for optimizing a magnitude and group 

delay simultaneously [15 ].  

In this paper Multi-Objective Big Bang-Big Crunch 

algorithm is applied for fast and more accurate magnitude 

and group delay optimization simultaneously by converted 

into scalar problem to generate objective functions for 

magnitude and group delay in a polynomial form using 

weighted sum method. The weight for different weight 

combinations by considering all the objectives, the non-

inferior solutions are generated considering all the 

objectives simultaneously. Weights generated randomly 

corresponding to the coefficients of filter. The Scalar 

Optimization Problem optimizes the magnitude and group 

delay using Multi-Objective BB-BC algorithm by defining 

both phases (Big Bang phase and Big Crunch phase). 

Multiobjective Big Bang-Big Crunch algorithm: solves 

multi-objective optimization problems by finding an 

evenly distributed set of points on the Pareto front.          

This solver can be used to optimize smooth or non smooth 

problems with or without bound and linear constraints. The 

Big Bang phase of BB-BC algorithm may exploit 

structures of good solutions with respect to different 

objectives to create new non dominated solutions in 

unexplored parts of the Pareto front.  

 

III. IIR DIGITAL FILTER DESIGN 
 

Infinite Impulse Response (IIR) filter are those for 

which the output of the filter at any given time depends 

upon the present input and past outputs. The output signal 

from the filter can be non-zero infinitely after the input 

signal is changed from non-zero to zero. IIR filter requires 

less computational complexity, less computational power 

and lower order than the FIR Filter for meeting same 

specifications. So the overall amount of hardware 

component required to implement an IIR filter is also 

much lower than the one for the implementation of an FIR 

filter. Use IIR when the only important requirements are 

sharp cut-off filters and high throughput. 

 

Infinite Impulse Response (IIR) filters are described in 

the analog domain by the following 

Equation:                                        

𝐻 𝑠  =  
 𝑏𝑘  𝑀

𝑘=0 𝑠𝑘

 𝑎𝑘  𝑁
𝑘=0 𝑠𝑘

                                                         (1) 

Based on its frequency response, IIR digital filter is 

expressed as  : 

𝐻(𝑒𝑗𝜔 ) = |𝐻(𝑒𝑗𝜔 )|𝑒𝑗Ѳ 𝜔 =
 𝑏𝑛   𝑒

−𝑗𝑛𝜔𝑀
𝑛=0

 𝑎𝑛   𝑒
−𝑗𝑛𝜔𝑁

𝑛=0
             (2)                              

In z-domain:  

𝐻 𝑧 =
𝐵 𝑧 

𝐴 𝑧 
=  

 𝑏𝑛  𝑀
𝑛=0 𝑧−𝑛

 𝑎𝑛  𝑁
𝑛=0 𝑧−𝑛

                                        (3) 

𝑌 𝑛 =  𝑏𝑚

𝑀

𝑚=0

 𝑥 𝑛 − 𝑚 

−  𝑎𝑚

𝑁

𝑚=0

 𝑦 𝑛 − 𝑚                           4  

Where N, M are numerator and denominator order 

respectively, „an‟ and „bn‟ are proper real filter coefficient 

with a0=1 and M≤N. In this paper classic IIR filter 

obtained by using Multi-Objective BB-BC Optimization 

method have the same order of numerator and 

denominator i.e., N=M=2. 

Let H(ω,x) denotes the transfer function of the IIR 

filters, where „x‟ indicates the filter coefficient (poles or 

zeros).The magnitude and group delay will be respectively 

denoted as P(xˈ, ω) and θ( xˈ, ω). For second order IIR 

filters, transfer function is given as: 

𝐻(𝑧) = 𝐻0  
1 + 𝑎1  𝑒−𝑗𝜔 + 𝑏1 𝑒−2𝑗𝜔

1 + 𝑐1 𝑒−𝑗𝜔 + 𝑑1 𝑒−2𝑗𝜔

𝐾

𝑘=1

                      (5) 

 

|H(e
jω

)| = P(xˈ, ω) is the magnitude of filter, 

arg H(e
jω

) = θ(xˈ, ω) is the phase shift of filter, 

xˈ=[𝑎1 , 𝑏1, 𝑐1 , 𝑑1 ………… . 𝑎𝑘 , 𝑏𝑘 , 𝑐𝑘 , 𝑑𝑘 , 𝐻0]  

represent the parameters of filter.  

The Magnitude of IIR filter is defined as:   

                                                

  𝑃(𝑥ˈ, 𝜔) = 𝐻0  
𝑁𝑘 𝑥ˈ, 𝜔 

𝐷𝑘 𝑥ˈ, 𝜔 
                                         (6)

𝐾

𝑘=1

 

Where 

 Nk(xˈ, ω) = [1+ ak
2
 + bk

2
 + 2bk(2cos

2
(ω)-1) +         

                      2ak(1+bk)cosω]
1/2

                          (7) 

 

     Dk(xˈ, ω) = [1+ ck
2
 + dk

2
 + 2dk(2cos

2
(ω)-1) +    

                      2ck(1+dk)cosω]
1/2

                          (8)  

 

Filter Group delay is defined as: 

 𝜏 𝑥ˈ, 𝜔 =  −
𝑑  𝜃 𝑥ˈ,𝜔 

𝑑𝜔
                                                       (9)   

By solving eq. (6), (7), (8), (9) following equations are 

obtained: 

𝑎𝑟𝑔 𝐻 𝑥ˈ, 𝜔  =  {𝑎𝑡𝑎𝑛[−
𝑎𝑘𝑠𝑖𝑛𝜔 +𝑏𝑘𝑠𝑖𝑛  2𝜔 

1+𝑎𝑘𝑐𝑜𝑠𝜔 +𝑏𝑘𝑐𝑜𝑠  2𝜔 
𝐾
𝑘=1 ]                            −

                              −𝑎𝑡𝑎 𝑛  −
𝑐𝑘𝑠𝑖𝑛𝜔 +𝑑𝑘𝑠𝑖𝑛  2𝜔 

1+𝑐𝑘𝑐𝑜𝑠𝜔 +𝑑𝑐𝑜𝑠  2𝜔 
          (10)    

and 
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𝜏 𝑥ˈ, 𝜔 =  −
𝐺𝑁𝑘

𝑁𝑘
2

𝐾
𝑘=1 +

𝐺𝐷𝑘

𝐷𝑘
2                                         (11)                                                                          

Where GNk = (1-bk )[1 + bk + akcosω]                      (12)                                          

            GDk = (1-dk )[1 + dk + ckcosω]                      (13)                                                 

Ideal digital filter should satisfy the following conditions 

for magnitude and group delay. 

Magnitude of ideal recursive filter is given by the 

following equation: 

P1 (xˈ, ω) =   
 1,       𝜔𝑝  𝜀 𝑝𝑎𝑠𝑠𝑏𝑎𝑛𝑑

0,      𝜔𝑠  𝜀 𝑠𝑡𝑜𝑝𝑏𝑎𝑛𝑑
                     (14)                            

Where „ωp‟ is the union of pass band and „ωs‟ is the union 

of stop band. 
Constant Group Delay of filter will be considered as: 

 

𝜏1(xˈ, ω) =  𝜏,            ω for ωp                                 (15) 

                               
Where „𝜏‟ is constant for all frequencies in pass band 

region. 

Fitness functions (Objective functions): 
In this paper we consider two error functions or objective 

functions: 

1. Magnitude Error function: This is the weighted error 

function between amplitude response of IIR filter P(xˈ,ω) 

and the ideal response of IIR filter P1(xˈ,ω) with respect to 

filter coefficients.  

  𝐸 1 = 𝑊 𝜔 +  𝑃 𝑥 ′, 𝜔 − 𝑃 𝑥 ′, 𝜔                      (16)   

                 

Where „W(ω)‟ is positive weighting function  and for the 

design of Butterworth IIR filter, the value of     W(ω) = 1. 

2. Group Delay Error function: This is the weighted error 

function between the deviations of the group delay 

function 𝜏(xˈ,ω) from a constant value (𝜏). 

𝐸 2 =  𝜏 𝑥 ′, 𝜔 − 𝜏                                                      (17)      

These two functions should be as minimum as possible for 

better designing of IIR filter. 

The Multi-Objective Optimization problem is solved to 

find the values of objective functions E(1) and E(2) 

corresponding to filter parameters that optimize magnitude 

and group delay. 

 

IV. MULTI-OBJECTIVE BIG BANG- BIG 

CRUNCH OPTIMIZATION ALGORITHM 
 

The BB–BC method developed by Erol and Eksin [14] 

in 2006, Multi-Objective BB-BC Optimization algorithm 

consists of two phases: a Big Bang phase, and a Big 

Crunch phase. In the Big Bang phase, initial candidate 

solutions are randomly distributed over the search space in 

a uniform manner Similar to other evolutionary algorithms 

and shrink these points to a single representative point via 

a “center of mass” in the Big Crunch phase [14]. After a 

number of sequential Big Bangs and Big Crunches where 

the distribution of randomness within the search space 

during the Big Bang becomes smaller and smaller about 

the average point computed during the Big Crunch, the 

algorithm converges to a solution. Here, the term “mass” 

refers to the inverse of the merit function value [14]. The 

point representing the center of mass that is denoted by 

„Xc‟ is calculated according to: 

𝑋𝑐 =
   

𝑋𝑖
𝑓𝑖

𝑁
𝑖=1  

   
1

𝑓𝑖

𝑁
𝑖=1

                                                                 (18)                          

Where „Xi‟ is a point within an n-dimensional search 

space generated, „fi‟ is a fitness function value of this 

point; „N‟ is the population size in Big Bang phase. After 

both phases the algorithm creates the new solutions to be 

used as the Big Bang of the next iteration step, by using 

the previous knowledge (center of mass). This can be 

accomplished by spreading new off-springs around the 

center of mass using a normal distribution operation in 

every direction, where the standard deviation of this 

normal distribution function decreases as the number of 

iterations of the algorithm increases: 

𝑋𝑛𝑒𝑤 = 𝑋𝑐 + 𝑙. 𝑟/𝑘                                               (19) 

Where „Xnew‟ stands for center of mass, „l’ is the upper 

limit of the parameter, „r’ is a normal random number and 

„k’ is the iteration step. Then new point „Xnew‟ is upper and 

lower bounded. Multi-Objective BB-BC Optimization 

method has several advantages over other evolutionary 

methods: Most significantly, a numerically simple 

algorithm with relatively few control parameters; and the 

ability to handle a mixture of both continuous and discrete 

design variables. In addition, most Multi-Objective BB-

BC Optimization does not require the user to prioritize, 

scale, or weigh objectives. 

Steps for obtaining filter coefficients and both 

Objective functions using Multi-Objective BB-BC 

Optimization method: 
Step 1: Define search space for both Numerator and 

Denominator coefficients of IIR filter population size L, 

order of filter N, stop band frequency and pass band 

frequency. 

Step 2:  For Butterworth low pass IIR filter design, 

generate random Numerator coefficient vector   X(k) and 

random Denominator coefficient vector Y(k). Those are 

the random particle position vectors containing „L‟ rows 

and „N‟ columns. 

 Xj = [Xj1, Xj2, Xj3,............XjN]                           (20) 

 Yj = [Yj1, Yj2, Yj3,............YjN]                           (21)         

 Where j=1, 2, 3,........L. 
Step 3: Define the number of iteration1, for finding both 

best (least) Error functions. 

Step 4: Calculate Transfer function P(k) and Group delay 

𝜏(k) of Butterworth low pass IIR filter for each population 

size using equ.6 and 11. 

Step 5: Define weighting factor W(ω), desired Magnitude 

response of filter P1(k) and desired Group delay response 

of filter 𝜏1(k) using equ.14 and 15. 

Step 6: Calculate fitness function for both Magnitude 

approximation E(1) and Group delay approximation E(2) 

by using equ.16 and 17. 

Step 7: Define no. of iteration2, for finding best particle 

X(k), Y(k) and 𝜏(k). 

Step 8: Find the “center of mass” Xc and Yc according of 

each column of X(k) and Y(k) respectively using eq.(18). 

Best fitness individual can be chosen as the center of mass. 
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Step 9: Calculate new candidates Xnew(k) and Ynew(k) 

around the “center of mass” Xc, and Yc respectively by 

using eq.(19). 

Step 10: Now increasing the number of iteration2 by 1and 

Return to Step 7 until stopping criteria has been met. 

Step 11: Now increasing the number of iteration1 by 1. 

Repeat the procedure from step 3 until stopping criterion 

has been met. 

Step 12: Thus, optimal solutions X(k), Y(k), E(1), E(2) is 

obtained. The components of the solution X(k) represent 

the optimum Numerator coefficients of the filter and the 

components of Y(k) represent the optimum Denominator 

coefficients of  Butterworth low pass IIR filter. 

 
Fig: 2 detail flowchart showing the design of Sec. order 

Butterworth IIR digital filters using Multi-Objective BB-

BC algorithm. 

V. RESULT 
 

The Butterworth IIR filters are designed to optimize the 

Magnitude and Group delay which give the best frequency 

response. The optimized magnitude response, Group delay 

response and Error function graph are shown in the fig.3, 4 

and 6 respectively. It can be seen from graph-3 that after 

optimization Magnitude response becomes flat in the pass 

band and rolls down to zero in the stop band. It is also 

referred as a maximally flat magnitude filter. In this paper, 

some filter specifications are used for Butterworth IIR 

filter design have been listed in table 1. The filter 

coefficients and Group delay obtained from Multi-

Objective BB-BC filter design method have been listed in 

the table 2 for different no. of iterations (Iter1 and Iter2). 

The experiment has been implemented in MATLAB. 
Table 1 (Filter Specifications) 

Filter Specification Value 

Positive Weighting function (W(ω)) 01 

Pass band frequency (ωp) 0.75π 

Stop band frequency (ωs) 0.95π 

Pass band attenuation (∂p) 0.016 
Stop band attenuation (∂s) 0.040 
Cut off frequency (ωc) 0.85π 

Order of Butterworth low pass filter 02 

No. of Iterations  10 

 

 
Fig.3. Optimized “Magnitude (in db)”  response of Sec. Order 

IIR low pass Butterworth filter 

 

 

\ 

Fig. 4. Optimized “Group delay (in db)”  response of Sec. Order 

low pass IIR Butterworth filter 
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Fig.5. Optimized “Group delay (in samples)” response of low 

pass IIR Butterworth filter 
 

 
Fig.6. Magnitude Error graph of Sec. Order IIR Butterworth low 

pass filter 
 

Table 2 Filter coefficients, Magnitude and group delay 

a b C d H(db) 𝜏(db) 

 

0.97 0.85 -0.21 0.08 0.03 0.10 

0.86 0.90 -0.25 0.07 0.05 0.15 

0.60 1.12 -0.20 0.03 0.06 0.20 

0.58 1.20 -0.23 0.02 0.09 0.20 

0.69 1.30 -0.31 0.03 0.12 0.25 

    

VI. CONCLUSION AND FUTURE SCOPE 
 

The Butterworth filter, however, has a flatter response in 

the pass band. The complexity of Butterworth filter is 

defined by the filters "order", and which is dependent upon 

the number of reactive components such as capacitors or 

inductors within its design. The rate of roll-off and 

therefore the width of the transition band depend upon the 

order number of the filter. Recently most optimization 

techniques were formulated in terms of minimizing and 

maximizing a single objective. Today, however, there is 

much attention towards formulating these problems in 

terms of multi objectives.  In this paper, the design of 

digital IIR Butterworth filter is taken up under the Multi- 

Objective BB-BC Optimization method in which 

magnitude as well as group delay are optimized 

simultaneously like Gurleen Kaur and Ranjit Kaur [15]. 

Gurleen Kaur and Ranjit Kaur used Multi-Objective 

Genetice Algorithm for optimizing both magnitude and 

group delay of IIR Butterworth low pass filter but in this 

paper Multi-Objective Big Bang-Big Crunch Optimization 

method is used for same problem, gives better results 

within less no. of iterations. Here the filter is designed so 

as to approximate prescribed specifications of magnitude 

and group delay with respect to the coefficients of the 

transfer function and by considering the filter parameters. 

In the experimental study, the Multi-Objective BB-BC 

Optimization has several advantages over other 

evolutionary methods. Most significantly, a numerically 

simple algorithm and heuristic methods with relatively few 

control parameters; and the ability to solve Multi-

Objective Problems (MOP) that depend on large number 

of variables. The Multi-Objective BB-BC gained better 

results than the other heuristic approaches like the Multi-

Objective GA on Butterworth low pass filter design case 

with remarkably lower computational cost. Optimized 

Butterworth low pass filter is flat in pass band and rolls off 

to zero in stop band as per requirements. Multi-Objective 

BB-BC can be implemented to various multi dimensional 

and higher order high pass, band pass and band stop 

filters. 
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