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The paper considers the analysis of the genetic algorithm with the aim of its application to optimize the coefficients of FIR
filters with a linear phase. FIR filters are more preferable for some tasks, because they have the following advantages: the group
delay of the filter is continual;, FIR filters are always stable. A genetic algorithm is a heuristic method, which is a variation of
evolutionary algorithms. It solves optimization problems using natural evolution methods similar to natural selection in real world.
When solving a problem with a genetic algorithm, the phenotype was identified that determines the real object. As a chromosome,
which stores a list of genes (real filter coefficients), a class implemented in the Python programming language is used. As a fitness
function, the standard deviation between the approximating and approximated functions of the amplitude-frequency characteristics
of the FIR filter (filter with finite impulse response) is used. FIR filter design includes both optimization of filter coefficients and
consideration of quantization effects, which can also be implemented using a genetic algorithm. Modeling was carried out on the
example of a FIR filter of the first type using the Python programming language. The simulation results showed the effectiveness of
the genetic algorithm for the synthesis of FIR filters (the results are comparable with the least squares method). This method can
be successfully used in the design of FIR filters with a linear phase in the creation of technical means. It should be noted that the
efficiency of the genetic algorithm depends on the generated initial population, as well as on the setting of hyperparameters,
therefore, further analysis involves the study of the formation of the initial population, as well as optimization of the
hyperparameters of the genetic algorithm.
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PYCIJIAH IIETPOCAH, OJIEKCAH/IP KY3bMEHKO, APCEH ITETPOCSH

JlepxaBHuii yHiBepcuTeT « KHTOMHpPCBKA MOTITEXHIKa

METO/J PO3PAXYHKY KIX-®UUIBTPA 3 BUKOPUCTAHHAM 'EHETUYHOI'O
AJIT'OPUTMY

Y cTarTi po3rniaAaEcTbCcs aHan3 reHETUYHOro aaropuTMy 3 METOK Horo 3acToCyBaHHSA A1 OnTumMizalii koegilieHTiB KIX-
DInbTPIB 3 JIIHIVIHOI (pazoro. 3acTocyBaHHA KIX-iibTPiB GiflbLL 1EPEBAXHO ITPU BUDILLEHH] AESKUX 3a4aY, TOMY O MArOTb HACTYIHI
nepeBaru: rpyrnoBa 3aTpumka @iibTpa rnocTivina;, KIX-ginbTpu 3aBxan CTiviKi, [eHETUYHM anropuTM — eBpUCTUYHMI aJIrOpUTM, O
€ PI3HOBULAOM EBOJIIOLIVIHUX a/IFOPUTMIB, 33 LOITOMOIOK SKUX BUPILLYIOTLCS ONTUMI3ALIVIHI 33434/ 3 BUKOPUCTAHHAM METo4B
MIPUPOAHOI €BOJIIOLYI], aHAsIONYHNX PUPOAHOMY Big6opy B rpupodi. lpy BUPILLIEHH] 33434/ FEHETUYHUM a/IrOpUTMOM BULIIEHO
deHoTun, KM BU3HAYAE peasibHuyl 06'EKT. SIK XDOMOCOMU BUKOPUCTOBYETLCS KI1AC, peasizoBaHmii Ha MoBI rporpamyBarHs Python,
10 36EpIrac CrimMcoK reHiB ([iicHnx Koe@iLieHTiB @ibTpa). Ak @ITHEC-@YHKLIS BUKOPUCTOBYETHCS CEPEAHbOKBAAPATUYHE
BIXWIIEHHS MK arPOKCUMOBAHOK Ta arpOKCUMYOYOK (DYHKLISMU aMII/IITYAHO-YaCTOTHUX XapakTepuctuk KIX-@inbtpa (@iibtp 3
KIHLIEBOIO [MITY/IbCHOIO XapaKTEPHUCTUKOO). [1poeKTyBaHHS KIX-@i/ibTpiB BK/IIOYAE OfHOYACHO ONTUMI3ALYII0 K KOEQILIIEHTIB QlbTPa,
TaK [ 06K e@pEKTIB KBaHTyBaHHS, O MOXHA BUKOHATU TaKOX 3 BUKOPUCTAHHSIM [E€HETUYHOro asnaroputmy. MoaemnoBaHHs
11POBOANIIOCS Ha Mpukiasi KIX-@iibTpa nepLioro iy 3 BUKOPUCTaHHSM MOBY porpamyBarHs Python. Pesy/ibTatv MOAE/tOBaHHS
10Ka3a/m eQEKTUBHICTb 33CTOCYBAHHS TEHETUYHOIO a/iropuTMy 4718 cuHTe3y KIX-ginbTpis (pe3ysibtatv [AeHTUYHi 4O MeETohy
HAVIMEHLUNX KBAAPATIB). [aHui METOA MOXKE 3 YCITIXOM BUKOPHUCTOBYBATUCS MPU MPOEKTYBaHHI KIX-@iibTpiB 3 JiHiViHOW0 (asor rpu
CTBOPEHHI TEXHIYHMX 3ac06iB. CU1i BpaxyBatH, LYO €PEKTUBHICTb MEHETUYHOIrO a/IrOPUTMY 3a/IEXUTE Bifj 3r€HEPOBAHOI 0YaTKOBOI
nonynayii, a TakoX B[ HACTPOKBAHHSA [IEpnapamMeTpis, TOMY [104AfbIUNYG aHAN3 EPEABAYAE AOCILNKEHHS DOPMYBAHHS
1104aTKOBOI MOMy/15Lfi, @ TAKOXX ONTUMI3ALIIO IiNEPaPaMETPIB reHETUYHOIro a/irOpUTMy.

Kmo4oBi c/10Ba: reHetndrmsi anroputm,; KIX-ginbtp; AYX; onTumi3alis; CEPEaHbOKBAAPaTUYHE BIAXUICHHS.

Introduction

Today the digital processing methods in the life of modern society play a significant role and their
importance continues to increase rapidly. Digital processing is used in many areas of technology: process control
systems, medical diagnostic equipment, communication facilities, measuring and diagnostic technical means of
power engineering, etc. [1].

Digital signal processing is used in the fields, where it is necessary to perform such tasks as filtering,
compressing, recovering, controlling, measuring a signal: audio, video processing, or any signal coming from any
source.

Filtering is the most common digital processing task. Its implementation is based on using digital filters:
filters with a finite impulse response (FIR filters), filters with infinite impulse response (IIR filters). In many
applications with digital signal processing, the use of FIR filters is preferable because it has the following
advantages:

- filter group delay is continual,;

- FIR filters are always stable.

Although many methods for digital filter design were already been developed in the 60s and 70s, there is
still a high interest in digital filter development. Today algorithms based on intelligent data processing are widely
used. And the genetic algorithm is one of them [2].
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A genetic algorithm is a heuristic method, which is a variation of evolutionary algorithms. It solves
optimization problems using natural evolution methods similar to natural selection in real world.

Filter design involves at the same time optimizing both filter coefficients and accounting for quantization
effects, which can be done using a genetic algorithm. It should also be noted that an increase in the efficiency of
filter approximation in the passband and stopband leads to an increase in the transition band and vice versa. So,
when solving many problems, a compromise is required. It can be provided by using multiobjective optimization
based on a genetic algorithm [2]. Another advantage of the genetic algorithm is the use of the parallelization
mechanism during the search for a solution [3]. Considering the above, the synthesis of FIR filters using a genetic
algorithm is an actual task.

Analysis of recent research and publications

In the scientific researches, digital filters and methods for their design have been deeply analyzed [1].
Among the most widely used classical methods for calculating FIR filters are window method, frequency sampling
method, least squares method, best uniform approximation method. The first two are not optimization methods, but
are simple to use. The third method requires the use of numerical methods, and, therefore, the calculation accuracy
will depend on the accuracy of those methods. The fourth method allows obtaining the best results, but, as a rule, it
is impossible to determine analytically the function of the best uniform approximation. One of the most effective
iterative methods for determining the best uniform approximation is the Remez exchange algorithm (modified
Remez algorithm).

The use of modern heuristic algorithms for data processing [2] makes possible to get some advantages: to
increase the efficiency of searching an optimal solution; perform multi-criteria optimization.

In [4], the FIR filter synthesis using a genetic algorithm is considered. The work presents a diagram (fig. 1),
which explains the principle of calculating the coefficients.

Desired FIR
Filter

xfn]——=

Fig.1. Diagram for estimating FIR filter coefficients using a genetic algorithm
The FIR filter belongs to the class of linear discrete systems. The relationship between input x (n) and
output y (n) digital signals is determined by the following difference equation (1):

N-1
¥ =Y b x(n—1) ()
i=0

where y(n), x(n) - output and input digital signals respectively; b; - coefficients of the FIR filter.

When designing a digital filter, two main synthesis methods can be distinguished: synthesis of digital filters
in the frequency domain; synthesis of digital filters in the time domain.

In accordance with fig. 1 to optimize the coefficients of the FIR filter the following objective function (2) is
proposed in [4]:

T
MSE = ) (y(m) — 5(n))? )
n=0

where y(n), #(n) are output digital signals of the approximated and approximating filters respectively, T is
the number of signal samples.

The nature of the input signal x(n) is not clear from the work, so it is not clear in which domain the filter is
synthesized: frequency or time? It can be easily shown that if the input signal x(n) is harmonic, then the optimization
of the synthesized filter will occur in the frequency domain and only at one point of the amplitude-frequency
characteristic.

The purpose of this paper is the analyze the genetic algorithm for applying it to optimizing the
coefficients of FIR filters.

The research method. The structure of a digital FIR filter in accordance with expression (1) is shown in
fig. 2.
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Fig.2. Direct form of the FIR filter implementation

We will synthesize the FIR filter in the frequency domain. Therefore, for synthesis, it is necessary to know
the amplitude-frequency characteristic of the filter, which in general case will have the form of the expression (3)
for the approximating filter:
N-1

H(w) = Z h(n)- e7Jon 3)
n=0

where /(n) is the final impulse response of the FIR filter, w is the angular frequency.
However, as already mentioned, linear phase FIR filters are widely used. This requires the impulse
response to be symmetric or antisymmetric [5]. In this case, four types of FIR filters are possible (Table 1).
Table 1
Linear Phase Filter Types

Filter type Impulse response rIZ:plzll::: gsg;nﬁlc);l::s Amplitude-frequency characteristic
(N-1)/2
I symmetrical odd H(w) = Z a(n)- cos (wn)
n=0
N/Z
11 symmetrical even H{w) = Z b(n)-cos (w(n—1/2))
n=1
(N-1),2
11 antisymmetric odd H(w) = Z c(n) - sin (wn)
n=1
N/Z
v antisymmetric even H(w) = Z d(n) - sin (w(n—1/2))
n=1

To optimize filter coefficients, an objective function (fitness function) is required. As an objective function,
we will use the standard deviation between the approximated and approximating frequency response functions of the
FIR filter (4).

e= |‘fFW[w)[H[w) — H(w))?dw — min “4)
§ 70

where W(w) is the weight function.

When solving a problem with a genetic algorithm, it is necessary to identify the phenotype that determines
the real object. In our case, the filter coefficients will be a phenotype, which for our task will be genes. These genes
will form a chromosome (fig. 3).

a0 al a2 a3 ... |aN-1

Fig.3. FIR filter chromosome structure

As an implementation of the genetic algorithm, a chromosome is a Python class that stores a list of real
filter coefficients:

class FirlT:
""" Non-recursive digital filter of the first type"""

def init (self, fmax, a):
self. N =2 * len(a) - 1 # number of FIR coefficients
self. fmax = fmax # sampling rate / 2 (maximum)
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self. a = a # list of coefficients AFC
(chromosome)

def del (self):
def getOrder (self):
def getNumCoeff (self):
def getGain(self, fi):

def getCoeffFIR(self):

When solving optimization problems, the genetic algorithm consists of the following sequence of the steps:

1. Creation an initial population;

2. Calculation of the chromosomes fitness;

3. Selection of initial chromosomes (solutions) with the best fitness values for creating a new
population;

4. Performing the operation of the chromosomal crossover;

5. Performing the mutation operation;

6. If the stop condition is triggered, we return the chromosome with the best fitness value, otherwise

go to step 2 to process the new population.
We will implement modeling for the first type filter (table 1). The approximated frequency response
function will have the form shown in fig. 4.

Amplitude-frequency response
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Fig.4. Frequency response of the desired FIR filter

To run the genetic algorithm, you need to setup some hyperparameters. In our case, it will look like this:

ORDER = 24 # the filter order

POPULATION = 150 # the number of individuals in the population
SURVIVOR = 0.25 # the survival probability
MUTATION = 0.1 # the probability of an individual mutating
GENERATIONS = 100 # the maximum number of generations

The simulation results are shown in the next two figures: fig. 5 — synthesized FIR filter of the 24th order;
fig. 6 shows the dependence of fitness on the chromosomes population.
Calculated FIR filter coefficients using a genetic algorithm:

a0 =0.005091678516838307, a9 =-0.037724044224033935, al7=-0.01882295463803626,

al =0.0028879984601902814, al0=0.10832130045736052, al8=0.02700867633181265,

a2 =-0.008090511277044445, all =0.2915719791165157, al9=0.026388498063331992,
a3 =-0.014439652055667128, al2 =0.37570415749595354, a20=0.00013690865912870708,
a4 =0.00013690865912870708, al3=0.2915719791165157, a21 =-0.014439652055667128,
a5 =0.026388498063331992, al4=0.10832130045736052, a22 =-0.008090511277044445,
a6 =0.02700867633181265, al5=-0.037724044224033935, a23 =0.0028879984601902814,
a7 =-0.01882295463803626, al6 =-0.06886025153816047, a24=0.005091678516838307.

a8 =-0.06886025153816047,
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Fig.5. Frequency response of the synthesized FIR filter

The dependence of fitness on generation
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Fig.6. The fitness change when searching a solution

Conclusions and prospects for further research

The paper analyzes the genetic algorithm for the purpose of its application to optimize the coefficients of
FIR filters with a linear phase

When solving a problem with a genetic algorithm, a chromosome was created, which is formed as a list of
genes (real filter coefficients); a fitness function has been chosen to optimize the FIR filter coefficients.

Modeling was carried out on the example of an FIR filter of the first type using the Python programming
language. The simulation results showed the effectiveness of the genetic algorithm for the synthesis of FIR filters
(the results are comparable with the least squares method). This method can be successfully used in the design of
FIR filters with a linear phase in the creation of technical means. It should be noted that the efficiency of the genetic
algorithm depends on the generated initial population, as well as on the setting of hyperparameters. Therefore,
further analysis involves the study of the initial population formation, as well as optimization of the genetic
algorithm hyperparameters.

REFERENCES

1. Solonina A.I. Digital signal processing in MATLAB. SPb.: BHV-Peterburg, 2018. 560 p.

2. Mutingi M., Mbohwa C. Grouping Genetic Algorithms. Advances and Applications. Switzerland: Springer International
Publishing, 2017. 243 p.

3. Knysh D.S., Kureichyk V.M. Parallel genetic algorithm with fuzzy migration operator. Artificial Intelligence. 2010. Ne 3. P. 73-
80.

4. Thakare V.V., Sahu R.K. A Genetic Algorithm for Optimization of MSE & Ripples in Linear Phase Low Pass FIR Filter & Also
Compare with Cosine Window Techniques. International Journals Digital Communication and Analog Signals. 2015. Nel.P. 9—15.

5. Proakis J., Manolakis D. Digital Signal Processing : 4th Edition. London: Pearson, 2013. 1019 p.

Ruslan Petrosian senior lecturer, Computer Science Department, Zhytomyr | crapumii Bukiagay kadeapu KOMIT FOTEPHHX
Pycaan Ilerpocsin Polytechnic State University, Zhytomyr, Ukraine, Hayk, JlepxaBHuii yHiBepcuteT "JKutommpceka
e-mail: e_rvs@ukr.net Iomitexuika", XKutomup, Ykpaina.

orcid.org/0000-0002-0388-8821
https://scholar.google.com/citations?user=K2CKTncAAAAJ

MDKHAPOJHUI HAYKOBUI K YPHAJT . 23
«KOMIT’"IOTEPHI CUCTEMH TA IHOOPMAIIWMHI TEXHOJIOI'Tl», 2021, Ne 1



https://scholar.google.com/citations?user=K2CKTncAAAAJ

INTERNATIONAL SCIENTIFIC JOURNAL

«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

Oleksandr Kuzmenko
Ounexcanap Kysbmenko

senior lecturer, Computer Science Department, Zhytomyr
Polytechnic State University, Zhytomyr, Ukraine?

e-mail: kkn_kov@ztu.edu.ua

orcid.org/0000-0002-4937-3284,

Scopus Author ID: 57216845002
https://scholar.google.com/citations?user=6 WRuJOgAAAAJ

Arsen Petrosian
Apcen Ilerpocsin

master’s degree student, Zhytomyr Polytechnic State
University, Zhytomyr, Ukraine
https://orcid.org/0000-0003-0960-8461

e-mail: xckaytz@gmail.com
https://scholar.google.com.ua/citations?user=ySfCqTYAAAAJ

CTyJEHT HEepLIoro  Kypcy  MaricTpaTypH,
JlepxaBHuit YHIBEpPCHUTET "XXuromupcoka
IMomitexuika", JKuromup, Ykpaina.

24

MDKHAPOJIHUIT HAYKOBUM XK YPHAJT

«KOMIT’'FOTEPHI CUCTEMHY TA THOOPMAIIMHI TEXHOJIOI Ti», 2021, Ne 1




