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Designing a frequency filter with optimal parameters for the 
Kaiser window using an evolutionary heuristic with a bee colony 

algorithm 
 
 
Abstract. Digital filters play a crucial role in signal processing. In this paper, the design of frequency filters with optimal parameters using an 
evolutionary heuristic with a bee colony algorithm will be mentioned. The objective of this study is to present a method for designing frequency filters 
using an evolutionary heuristic search method called the Bee Colony Algorithm, utilizing the Kaiser window. To find the optimal filter order and 
compare it with the specified filter sequence. According to simulation data, the proposed Bee Colony Algorithm outperforms the original in terms of 
main lobe width, side lobe attenuation, and leakage factor. The simulation findings also show a clear reduction in the side lobe and leakage factors, 
while the main lobe stays unchanged. 
 
Streszczenie. Filtry cyfrowe odgrywają kluczową rolę w przetwarzaniu sygnału. W artykule omówione zostanie projektowanie filtrów częstotliwości o 
optymalnych parametrach z wykorzystaniem heurystyki ewolucyjnej z algorytmem kolonii pszczół. Celem pracy jest przedstawienie metody 
projektowania filtrów częstotliwości z wykorzystaniem ewolucyjnej metody wyszukiwania heurystycznego zwanej Algorytmem Kolonii Pszczół z 
wykorzystaniem okna Kaisera. Aby znaleźć optymalną kolejność filtrów i porównać ją z określoną sekwencją filtrów. Według danych symulacyjnych 
proponowany algorytm kolonii pszczół przewyższa oryginał pod względem szerokości listka głównego, tłumienia listka bocznego i współczynnika 
wycieku. Wyniki symulacji pokazują również wyraźną redukcję współczynników listka bocznego i wycieku, podczas gdy płat główny pozostaje 
niezmieniony. (Projekt filtra częstotliwości o optymalnych parametrach dla okna Kaisera z wykorzystaniem heurystyki ewolucyjnej z 
algorytmem kolonii pszczół) 
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Introduction 
 The digital filter is the core element of signal processing. 
The digital filter is employed to benefit signal separation and 
signal recovery [1-36]. The design process has been presented 
using window techniques with MATLAB software. A window 
function is a mathematical function that is used to taper the 
data, reducing the leakage of energy from the main lobe of 
the spectrum into the side lobes. [1-18]. 
Window functions come in various types to choose from, 
and each type is used to meet the specific requirements of 
different filters. Popular types of windows used include 
Gaussian, Tukey [9]., rectangular [11-12]., Hanning [10-12]., 
Hamming [11-15]., Bartlett [10]., Butterworth., Blackman 
[13-14]., and Kaiser. The Kaiser window is a type of window 
function used in digital signal processing, filter design, and 
Fourier analysis. The Kaiser window is an approximation to 
the prolate spheroidal window, for which the ratio of the 
main lobe energy to the sidelobe energy is maximized. The 
Kaiser window is utilized for processing digital signals, 
designing filters, and analyzing Fourier transforms. [9-11, 
13-18] 
 The design and development of frequency filter circuits 
continue to progress continuously. The goal is to improve 
operational efficiency. The design has been fine-tuned using 
metaheuristic algorithmic techniques. The most commonly 
used metaheuristic algorithmic techniques are: genetic algorithm 
[19-20, 24]., differential evolution [21-23]., particle swarm 
optimization [23-30, 33]., ant colony algorithm [31-32]., bat 
algorithm [33-34]., and bee algorithm [35–37]. 
 The experiments show that increasing the beta 
parameters for each filter order results in an increase in the 
main lobe, while the side lobes and leakage factors 
decrease. This leads to unclear signals and interference 
signals. Therefore, it recommends reducing the width of the 
main lobe and sidelobes, as well as minimizing leakage 
factors, by employing metaheuristic techniques to achieve a 
more efficient filter. 
 
 

Materials and methods 
Kaiser Window  
  The Kaiser window is a type of window function that is 
commonly used in signal processing and digital signal 
processing (DSP). Kaiser windows are often used in 
applications where a well-controlled frequency response is 
needed, such as in filter design or when analyzing signals in 
the frequency domain. The flexibility obtained from the 
parameter β makes the Kaiser window a versatile option in 
various signal processing applications. The following is the 
formula for the Kaiser window: 
 

(1)           𝑤 𝑛 𝐼 𝛽 1 /𝐼 𝛽  

 
Finding the value of β in the Kaiser window is a tuning 

process that involves adjustments to achieve the desired 
characteristics of the window for signal processing 
applications. This is often done using practical or theoretical 
methods to select a suitable β value based on the 
requirements of the task or signal analysis. 
 

(2)   𝛽
0.1102 𝐴 8.7

0.5842 𝐴 21 . 0.07886 𝐴 21
0

  
𝑓𝑜𝑟 𝐴 50

𝑓𝑜𝑟 21 𝐴 50
𝑓𝑜𝑟 𝐴 21.  

 

Determining the filter order in the Kaiser window is a 
crucial step in designing a digital filter or other filters. The 
calculation of the filter order often involves specifying the 
frequency response characteristics desired for the filter. 
 

(3)          𝑁
. .

. ∆  
 
Bee colony Algorithm 
 The Bee Colony Algorithm (BCA) is a computational 
algorithm that simulates the foraging behavior of bees in 
nature and is applied to solve practical problems in 
mathematical sciences and engineering. BCA Inspired by 
the natural behavior of bees searching for food, the 
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algorithm involves sending scout bees to various locations 
and tracking the best results. This process helps discover 
potential positions with the lowest or highest values according 
to specified conditions. The algorithm is particularly effective 
in solving complex optimization problems by mimicking the 
foraging behavior of bees. The algorithm for bee colonies 
includes the subsequent steps: 
Step 1: As stated in Table 1, define the variables in the Bee 
Algorithm. 
Step 2: Randomly sample a population of scout bees (n) to 
search for the initial answer and set the number of iterations 
to NC = 0. 
Step 3: Evaluate the results obtained from the scout bee 
search, arranging them in ascending order. This will make it 
easier to choose a good answer. 
Step 4: Select the answer with the best performance (m). 
Step 5: Separate the answer (m) into two groups, where the 
first group contains the best solution (e), and the second 
group contains the solutions ranked below the best (m-e). 
Step 6: Define the scope for searching neighboring answers 
around the region of the best answer (m) by determining the 
scope of the initial search for sources of nectar at each 
source (ngh). 
Step 7: Have scout bees (nep) search around for answers 
(e), and worker bees (nsp) search around for answers (m-e). 
Evaluate the results obtained from the search for worker 
bees at each source and select the best answers from each 
source. 
Step 8: Check the stopping conditions. If the conditions are 
met, stop searching. If the condition is not met, increase the 
number of iterations by setting NC=NC+1. Subject to the 
condition of the specified maximum number of iterations. 
Step 9: Designate scout bees (n-m). Find new answers, 
then return to step 2 and repeat the process until the best 
solution is obtained. 
 
Table 1. The parameters of the bee colony algorithm 

variable Description Parameter 
value 

n The number of scout bees. 50 
m The number of nectar sources that 

have quantities of nectar from the 
search of scout bees (n). 

25 

e The number of nectar sources with 
the highest quantities of nectar from 
the selected (m). 

10 

nep The number of worker bees assigned 
to search at the nectar source (e). 

20 

nsp The number of worker bees assigned 
to search at the nectar (m-e). 

30 

ngh The size of the search space for 
each nectar source. 

0.5 

NC The number of iterations. 15
 
simulation result 
 From gathering information and conducting experiments 
on the design of a digital filter using Kaiser windows, it is 
evident that increasing the beta parameter results in an 
increase in the main lobe while decreasing the side lobe 
and leakage factors. However, the increased values of the 
filter sequence result in the main lobe, side lobe, and 
leakage factors decreasing. This indicates that increasing 
beta parameters and adding filter order values affect the 
width of the main lobe and the attenuation of the side lobes.  
 The frequency filter design proposes an evolutionary 
heuristic search method called the Bee Colony Algorithm 
using the Kaiser window. This aims to reduce the main lobe 
width, suppress side lobe levels, and mitigate leakage 
factors. 
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 Fig. 1. Frequency domain with a filter order of 30. 
 

 Fig. 2. Frequency domain with a filter order of 40. 
 

 Fig.3. Frequency domain with a filter order of 50. 
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 Fig.4. Frequency domain with a filter order of 60. 
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Table 2 shows the Kaiser window functions with specified beta 
parameters and the optimal beta parameter using the bee colony 
algorithm. 
 

Length 
of 

Window 
function 

 
Variable 

parameter 
beta 

Time Domain Frequency Domain 

Max. 
Amp 

Min. 
Amp 

Mainlobe 
width 
(-3dB) 

Relative 
side lobe 

Attenuation 

Leakage 
Factor

 

 
 
 
 

30 

1  
 
 
 
1 

0.78  
0.054688 

-14.7 dB 6.33 % 

1.295 0.68 -15.8 dB 4.96 % 

3 0.20  
0.070313 

-24.7 dB 0.49 % 

3.522 0.13 -28.1 dB 0.20 % 

5 0.03  
0.085938 

-37.8 dB 0.01 % 

5.623 0.02 -41.7 dB 0 % 

 
 
 
 

40 

1  
 
 
 
1 

0.78  
0.042969 

-14.7 dB 6.51 % 

1.310 0.67 -15.7 dB 5.06 % 

3 0.20  
0.054688 

-24.5 dB 0.54 % 

3.579 0.12 -28.2 dB 0.20 % 

5 0.03  
0.066406 

-37.6 dB 0.02 % 

5.732 0.01 -42.3 dB 0 % 

 
 

 
 

50 

1  
 
 
 
1 

0.78  
0.035156 

-14.7 dB 6.47 % 

1.784 0.50 -17.7 dB 3.10 % 

3 0.20  
0.042969 

-24.3 dB 0.56 % 

3.614 0.12 -28.2 dB 0.20 % 

5 0.03  
0.050781 

-37.4 dB 0.02 % 

5.415 0.02 -40.1 dB 0.01 % 

 
 
 
 

60 

1  
 
 
 
1 

0.78  
0.027344 

-14.7 dB 6.44 % 

1.324 0.67 -15.8 dB 4.97 % 

3 0.20  
0.035156 

-24.2 dB 0.57 % 

3.638 0.12 -28.3 dB 0.20 % 

5 0.03  
0.042969 

-37.3 dB 0.02 % 

5.841 0.01 -42.9 dB 0 % 

 

 Figs.1-4. show the frequency domain using Kaiser 
window functions, and Table 2 illustrates a comparison 
between the specified beta parameters and the optimal beta 
parameters using the bee colony algorithm. Including the 
width of the main lobe, reduction of the side lobe, and 
leakage factors. It is evident that the optimal beta 
parameters using the bee colony algorithm are the main 
lobe being constant while the side lobe and leakage factors 
decreasing ostensibly.  
 

  
Fig.5. Frequency domain with a filter order of 30, beta is 1, 1.295, and the 
filter order of 30.632, beta is 1.669. 
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Fig.6. Frequency domain with a filter order of 30, beta is 3, 3.522, and the 
filter order of 30.632, beta is 3.866. 
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Fig.7. Frequency domain with a filter order of 30, beta is 5, 5.623, and the 
filter order of 30.632, beta is 6.093. 
 

  

Fig.8. Frequency domain with a filter order of 40, beta is 1, 1.310, and the 
filter order of 30.632, beta is 1.599. 
 

  

Fig.9. Frequency domain with a filter order of 40, beta is 3, 3.579, and the 
filter order of 30.632, beta is 3.842. 
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Fig.10. Frequency domain with a filter order of 40, beta is 5, 5.732, and the 
filter order of 30.632, beta is 6.088. 
 

  

Fig.11. Frequency domain with a filter order of 50, beta is 1, 1.784, and the 
filter order of 50.738, beta is 1.992. 
 

  

Fig.12. Frequency domain with a filter order of 50, beta is 3, 3.614, and the 
filter order of 50.738, beta is 3.826. 
 

 Fig.13. Frequency domain with a filter order of 50, beta is 5, 5.415, and the 
filter order of 50.738, beta is 5.687. 

  
Fig.14. Frequency domain with a filter order of 60, beta is 1, 1.324, and the 
filter order of 60.930, beta is 5.687. 
 
Table 3 shows the Kaiser window functions along with specified 
beta parameters, optimal beta parameters, and the optimal filter 
order using the bee colony algorithm. 

Length 
of 

Window 
function 

Variable 
parameter 

beta 

Time Domain Frequency Domain 

Max. 
Amp 

Min. 
Amp 

Mainlobe 
width 
(-3dB) 

Relative 
side lobe 

Attenuation 

Leakage 
Factor

 

 
30 

1  
 
 
 
 
 

1 

0.78  
 

0.054688 
 

-14.7 dB 6.33 % 

1.295 0.68 -15.8 dB 4.96 % 

30.632 1.669 0.54 -17.3 dB 3.37 % 

 
30 

3 0.20  
 

0.070313 

-24.7 dB 0.49 % 

3.522 0.13 -28.1 dB 0.20 % 

30.632 3.866 0.09 -30.4 dB 0.11 % 

 
30 

5 0.03  
 

0.085938 

-37.8 dB 0.01 % 

5.623 0.02 -41.7 dB 0 % 

30.632 6.093 0.01 -44.7 dB 0 % 

 
40 

1  
 
 
 
 
 

1 

0.78  
 

0.042969 

-14.7 dB 6.51 % 

1.310 0.67 -15.7 dB 5.06 % 

40.651 1.599 0.57 -16.9 dB 3.79 % 

 
40 

3 0.20  
 

0.054688 

-24.5 dB 0.54 % 

3.579 0.12 -28.2 dB 0.20 % 

40.651 3.842 0.10 -29.9 dB 0.13 % 

 
40 

5 0.03  
 

0.066406 

-37.6 dB 0.02 % 

5.732 0.01 -42.3 dB 0 % 

40.651 6.088 0.01 -44.6 dB 0 % 

 
50 

1  
 
 
 
1 

0.78  
 

0.035156 

-14.7 dB 6.47 % 

1.784 0.50 -17.7 dB 3.10 % 

50.738 1.992 0.44 -18.7 dB 2.41 % 

 
50 

3 0.20  
 

0.042969 

-24.3 dB 0.56 % 

3.614 0.12 -28.2 dB 0.20 % 

50.738 3.826 0.10 -29.6 dB 0.14 % 

 
50 

5 0.03  
 

0.050781 

-37.4 dB 0.02 % 

5.415 0.02 -40.1 dB 0.01 % 

50.738 5.687 0.01 -42.0 dB 0.01 % 

 
60 

1  
 
 
 
 
 
1 

0.78  
 

0.027344 

-14.7 dB 6.44 % 

1.324 0.67 -15.8 dB 4.97 % 

60.930 1.524 0.59 -16.5 dB 4.10 % 

 
60 

3 0.20  
 

0.035156 

-24.2 dB 0.57 % 

3.638 0.12 -28.3 dB 0.20 % 

60.930 3.816 0.10 -29.4 dB 0.15 % 

 
60 

5 0.03  
 

0.042969 

-37.3 dB 0.02 % 

5.841 0.01 -42.9 dB 0 % 

60.930 6.081 0.01 -44.5 dB 0 % 
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Fig.15. Frequency domain with a filter order of 60, beta is 3, 3.638, and the 
filter order of 60.930, beta is 3.816. 
 

  
Fig.16. Frequency domain with a filter order of 60, beta is 5, 5.841, and the 
filter order of 60.930, beta is 6.081. 
 
 Figs. 5-16 depict the frequency domain using the Kaiser 
window function, and Table 3 illustrates the comparison 
between the specified filter order of 30, 40, 50, and 60 and 
the optimal filter order using the bee colony algorithm of 
30.632, 40.651, 50.738, and 60.930. Using optimal filter 
order using the bee colony algorithm yields a newly 
improved set of beta parameters. It is clear that the side 
lobe and leakage factors decrease clearly when compared 
to the specified filter sequence and the beta values 
designed in Table 3. Meanwhile, the main lobe remains 
unchanged. 
 
Conclusions  
 The article discusses enhancing efficiency using the 
utilization of bee colony algorithms to find beta parameters 
and filter order sequences using the Kaiser window 
function. Experiments 1 show that increasing the beta 
parameter results in an increase in the main lobe, while the 
side lobe and leakage factors decrease. At the same time, 
increasing the filter sequence indicates a decrease in both 
the main lobe and the side lobe. Experiment 2 illustrates a 
comparison between the specified beta parameters and the 
optimal beta parameters using the bee colony algorithm. It 
is evident that the optimal beta parameters using the bee 
colony algorithm are the main lobe being constant while the 
side lobe and leakage factors decreasing ostensibly. 
Finally, it compares the supplied filter order to the best filter 
order using the bee colony method. Using the ideal filter 
order results in a freshly enhanced set of beta parameters. 
It is clear that the main lobe is constant, while the side lobe 
and leakage factors are significantly lower when compared 
to the stated filter sequence.  
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