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Abstract— Selection of the appropriate components is the most crucial step in active filter design. A number of possible 
combinations can affect the working mechanism of the circuit as a good direction or bad direction. Therefore there are many 
searching algorithms. These algorithms vary from each other by the feature of requiring a fast and optimal selection of 
component values. In this study Grey Wolf Colony Search Algorithm (GWA) is used for utilizing the performance of the 
circuit. GWA imitates the intelligent predatory manner of the wolf colony to solve optimization problem. To evaluate the 
performance of the algorithm a sixth-order Butterworth Low-Pass filter is used. It is shown that GWA finds the optimal 
component values with the minimum cost function when compared with the reference filter's values. 
 
Index Terms—Analog Filter, Low Pass Filter, Optimization, Grey Wolf Colony Algorithm 

I. INTRODUCTION 
 
Optimal selection of passive components is very 
important in analog filter design applications. In design 
process components are generally supposed to be ideal 
and they can acquire incidental values which can 
answer the design characterization. Nevertheless in 
fact, components like capacitors and resistors can 
simply acquire standard values. The main problem is to 
select appropriate component values which fit in a best 
way the design specifications of an analog filter 
topology. Hence for a true designation of the optimum 
passive components of filter, as another way except the 
classical method, searching algorithms are required. 
In literature, a few studies are aimed for reaching the 
suitable component selection of analog filters. In [1] 
The Genetic Algorithm (GA) is used to select the 
component values of an analog filter. The component 
values which were found by genetic algorithm 
importantly minimize the design error when compared 
to classical method. In another study [2], Vortex 
Search Algorithm (VSA) is utilized for the analog 
active filter component selection problem. It is 
observed that the VS Search algorithm finds the 
best-known solutions of the analog active filter 
component.In [3], Ant Colony Optimization (ACO) is 
used to optimally find the component values of a 
analog filter in a Caurer Topology and it is found that 
when compared with GA, ACO is more suitable for 
reaching optimal values. In [4], Artificial Bee Colony 
Optimization Method (ABC) which simulates the 
behavior of a bacteria colony is used for selecting the 
appropriate component values in a low pass analog 
filter. In another one [5], Colonal Selection Algorithm 
(CSA) is used for acquire the component values of a 
fourth order Butterworth analog filter. In [6], Particle 
Swarm Optimization (PSO) is used in fourth-order 
Butterworth low-pass analog filter. It is shown that this 
method attains a less design error when it is compared 

with the previous methods. In [7,8], Immune 
Algorithm (IA) and Parallel Tabu Search Algorithm 
(PTS) are used to acquire the optimal component 
values in a simple analog filter topology. In [9], BSO 
algorithm is used to find controller parameters for 
load-frequency control of a two area power system. 
In this study, Grey Wolf Colony Search Algorithm is 
used for gathering random resistor and capacitor 
component values in a sixth-order Butterworth Low 
Pass filter. Likewise Particle Swarm Optimization is 
used to reach same goal. The results are compared with 
the reference filter. It is shown that Grey Wolf Colony 
Algorithm gives more convenient results. 

 
II. METHOD 
 
A. Grey Wolf Colony Algorithm  (GWA) 
GWA is a method which simulates the intelligent 
predatory behaviors of a wolf colony to resolve the 
current optimization problem. The wolves have an 
attentive organized system. They can divide the task 
immediately and maintain their movements while they 
are preying. This is the basic method which is tried to 
achieve when solving the optimization problem.Grey 
wolves are apex predators which mean that they are at 
the pick of food chain. Grey wolves generally live in 
groups whose size is 5-12 on average. Grey wolf 
colony has a very strict hierarchy as shown in Figure 1. 
The leaders are called alpha that is contained from a 
male and a female member. The alpha is the most 
responsible layer about preying, searching place, 
arranging time to wake, and similar actions. Alpha's 
decisions are dictated to the herd but on the other hand, 
some democratic behaviors are observable that alpha 
follows the other wolves in the colony. The second 
layer of the hierarchy is called beta. The betas help the 
alpha in decision-making. The beta wolves can be male 
or female and they are generally the best candidate to 
be an alpha in the event one of the alpha wolves passes 
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away or becomes very old. The beta wolves command 
the other low-level wolves besides they play an advisor 
role to the alpha and give feedback to the alpha [10-12]. 
Omega has the lowest ranking in grey wolf hierarchy. 
They are the last layer which is allowed to eat and 
always have to keep up with obeying the alpha's 
commands. It may be considered that the omega has 
not an important role in the pack, yet it's observed that 
the whole pack can face with internal fighting and 
some kind of problems after losing the omega. Omegas 
assist the entire herd and in some situations omega can 
obtain the babysitter role. If a wolf is not an alpha, beta 
or omega, it is called delta. Delta wolves have to obey 
alpha and beta wolves but they dominate omegas  
[10-15]. 
 
 
 
 
 
 
 
 
 
 

Figure 1. Grey Wolf Hierarchy 
 
Besides the social hierarchy of wolves, group hunting 
is another social behavior of grey wolves. According to 
Muro [11], the main steps of grey wolf preying are as 
follows: 
 Tracking, chasing, and approaching the prey.  
 Pursuing, encircling, and harassing the prey until it 

stops moving.  
 Attack towards the prey. [10] 

 
Steps are shown in Figure 2. According to this 
algorithm, a number of artificial wolves are appointed 
to searching in the activity range of quarry. The 
artificial wolves track the quarry and inform the 
position of the quarry to the others. Other artificial 
wolves get close and surround the quarry. The Grey 
Wolf colony is updated considering the assignment 
rule of grey wolf colony. As the assignment rule of the 
colony the food assigns to the strongest wolf first then 
to the weak one.  
 

 
Figure 2. Typical hunting behavior of grey wolves. (A) 

Approach, track and pursuit. (B–D) Pursuit, harass and 

encircling maneuver. (E) End of the hunt in the final stationary 
configuration. [11] 

In this study, this hunting mechanism and the social 
hierarchy of grey wolves are mathematically coded in 
Matlab in order to perform GWO and find the optimal 
component values of a sixth-order Butterworth 
low-pass filter. 
 
On account of modeling social hierarchy of wolves we 
assume the best solution as the alpha (α). Therefore 
second and third best solutions are called beta (β) and 
delta (δ). Other solutions are presumed omega (ω). 
Omega wolves follow these three kinds of wolves. The 
following equations are proposed: 

 
D⃗ =∣ C⃗. Xp⃗(t)− X⃗(t) ∣                                             (1) 
 
X⃗(t + 1) = X⃗p(t) − A⃗. D⃗                                         (2) 

t shows the current iteration, A⃗ and C⃗ are coefficient 
vectors, X⃗p  is the position vector of prey and X⃗ 
represents the position of a grey wolf [8]. The A⃗ and C⃗ 
vectors can be calculated as follows: 

 
A⃗ = 2a⃗. r⃗ − a⃗                                                           (3) 
C⃗ = 2. r⃗                                                                      (4) 
 

r and r  are random vectors which changes between 
the range of [0 1]. a⃗ is linearly decreased from 2 to 0 
over the course of iterations [9]. In order to observe the 
effect of these equations, two-dimensional position 
vector and some of the possible neighbors are 
illustrated in Figure 3(a). Position of the grey wolf 
(X,Y) can be updated according to the position of the 
prey ( X∗	Y ). By setting the values of the A⃗  and 
C⃗	vectors, different locations can be reached around the 
best agent according to the current location. Possible 
updated positions of a grey wolf in 3D space are shown 
in Figure 3(b). Considering all of this, a grey wolf can 
update its position by using Eqs. in (1) and (2). This 
notion can be expanded to a searching space with n 
dimensions. [10] 
 
Grey wolves have the ability of detecting the position 
of the prey. But in an abstract searching space, it is not 
possible to detect the optimal position of prey. In order 
to simulate the hunting behavior of grey wolves, the 
first three best solutions should be saved which is 
obtained so far. The other artificial wolves must be 
obliged (including the omegas) to update their 
positions according to the position of the best search 
agents. The following formulas are used in this regard: 

 
D⃗α =	∣ C⃗ . X⃗ − X⃗ ∣, D⃗β =∣ C⃗ . X⃗β − X⃗ ∣, D⃗δ = ∣ C⃗ . X⃗δ −
X⃗ ∣        (4) 
X⃗ X⃗ − A⃗ . D⃗ , X⃗ = X⃗ − A⃗ . D⃗ , X⃗ = X⃗ −
A⃗ . (D⃗ ) (5) 
X⃗( ) =

⃗ ⃗ ⃗
                                                                  (6) 
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(a)                                                         (b) 

Figure 3. Position vectors and possible next positions in 2D and 
3D. [10] 

 

 
Figure 4. Location updating in GWO [10] 

 
B. Butterworth Low-Pass Analog Filter 
 
The Butterworth filter is a type of signal processing 
filter which is designed to have as smooth a frequency 
response as possible as in the pass-band. It was first 
described in 1930 by the British Engineer Stephen 
Butterworth. Filters are classified by the functions 
which they perform in the direction of ranges of 
frequencies. 
 
A low-pass filter which has the characteristic that 
low-frequency excitation signal components are 
transmitted (including direct current) while 
high-frequency excitation signal components are 
blocked. The range of low frequencies is called 
passband or bandwith of the filter. It can be 
expandable from ω=0  to ω c  rad/sec. The highest 
frequency which can be transmitted is ω c  also called 
cut-off frequency. Frequencies that are higher than the 
cut-off are prevented from passing through the filter 
and they create the filter's stopband. The ideal 
response of a low-pass filter is shown in figure down 
below. 
 

 
Figure 5. The Ideal Response of a Low-Pass Filter [12] 

 
However, a practical circuit cannot achieve this 
response. The actual response is shown below. 
 

 
Figure 6. The Actual Frequency Response of a Low-Pass Filter 

[13] 
 
It is easily noticeable that a small error is acceptable in 
the pass band. In this study, a Sixth-order Butterworth 
Low- Pass active filter's component values are found 
by using Grey wolf optimization algorithm. A 
second-order low-pass filter is given Figure.7 and the 
reference filter is shown in figure 8. 
 

 
FIGURE 7. SECOND ORDER LOW-PASS FILTER [14] 

 
The transfer function formula which belongs a second 

order low-pass filter is given as: 
H = /

. /
                           

(7) 
K = 1 + (R /R )                         (8) 
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Figure 8. The reference Filter (All resistors in kiloohms and all 

capacitors in microfarads) 
 

RESULTS 
 
The program outputs are examined and it is seen that 
the optimized filter is able to capture the frequency 
response of the reference filter in a big proportion. 
Grey Wolf Algorithm is evaluated for 1000 
individuals and 150 iterations. The results obtained 
from the algorithm are given in figure 9, 10, 11 and 12. 

 
Figure 9. Frequency Response of The Reference filter 

 

 

 
Figure 10. Frequency Response of Reference Filter (a) 

Frequency Response of Optimizated Filter (b) Error Signal 
between two response (c) 

CONCLUSION 
 
Main goal of this study is to find the suitable 
component values of a sixth-order filter utilizing grey 
wolf algorithm (GWA). The transfer function of the 
reference filter is based on while searching the 
optimized values. We reached our goal in the same 
time we observed that GWA finds the minimum cost 
functions and optimal component values when it is 
compared with reference filter. 
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