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Abstract

This study is focused on simulations of the radiation pattern characteristics for a
circular loop antenna that operates at a frequency of 1.42 GHz (A = 21 cm). The
circular loop antenna pattern is considered weak and depends on the antenna's
circumference. Therefore, five values of antenna circumferences are chosen to
achieve the best results for the antenna characteristics. These circumferences are
taken to be smaller, equal, and larger than the operated wavelength. Then, the
antenna characteristics are estimated. These characteristics are antenna directivity,
effective area, efficiency, and solid angle, which are found to be 2.6, 0.009 (m2),
0.011, and 11.5 (radian), respectively. To improve these characteristics, four types
of window functions are implemented by their multiplication with the Fourier
transform of the circular loop antenna pattern. These window functions are
rectangular window, Hanning Window, Hamming Window, and Kaiser Window.
The promising results are obtained via the Hanning window since it gives
acceptable values for antenna characteristics. These values are found to be
(directivity = 100), (effective area = 0.35 m2), (efficiency = 0.6), and (solid angle =
0.1 radian). Overall, the encouragement results are obtained by a small circular loop
antenna, especially at a circumference less than the operated wavelength.

Keywords: Radio astronomy antennas, circular loop antenna, antenna
characteristics, neutral hydrogen emission line.
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1. Introduction

The antenna is a basic component of every radio telescope. It can receive a radio wave
from a free space as well as a transmitted radio wave, according to the reciprocity theorem
[1]. There are several types of antennas, but one of the simplest is a loop antenna. This type
depends on the designer's preference; it might have different shapes, including circular,
square, triangular, hexagonal, and rectangular. It operates in the astronomical frequency
range of around 300 MHz-3 GHz. It is divided into two categories: large-loop antennas and
small-loop antennas [2, 3]. The first category is large loop antennas, also known as full-wave
loops or self-resonant loop antennas, which are self-resonant at the operating frequency
because their circumference is almost equal to one or more complete wavelengths. This type
is the most effective form of antenna when applied to both transmission and reception. At its
first full-wave resonance, this type of loop antenna radiates a two-lobe radiation pattern that
peaks perpendicular to the loop's plane in both directions. It is also the most efficient of all
designs for antennas of a comparable size [4]. In the second category, small loop antennas,
which have a circumference less than half of the operational wavelength, are also known as
magnetic loops or tuned loops. There are two primary types of small-loop antennas: square
loop antennas and circular loop antennas. Although their efficiency has decreased, they are
mostly employed as receiving antennas; loops with a radius smaller than around 1/10 wave
length are rarely utilized for transmission because of their extreme unproductiveness. Small
loop antennas are radiated in the same manner as a short horizontal dipole antenna [5, 6].
Many studies have evaluated the literature on the many types of radio telescope antennas and
the factors that affect them, such as antenna temperature, noise, radiation pattern, beam
width, effective area, and efficiency fundamentals. Research was conducted on the radiation
characteristics of a small loop antenna despite its straightforward structural design; the
antenna loop and the physical dimensions of the wire conductor were used to conduct a
simple loop antenna design in order to study the radiation characteristics. The Genetic
Algorithm (GA) approach was utilized to calculate the antenna's size by presenting several
possibilities for selection. Every option's radiation efficiency was calculated, and the results
were presented. Furthermore, antenna parameters were calculated and presented. The antenna
constituted the basis for the obtained radiation pattern [7]. A digital radio array for low-
frequency radio astronomy was used to identify air showers caused by high-energy cosmic
rays and neutrinos. To measure cosmic rays, the radio array must be calibrated to the exact
amplitude to record the whole electric field on the antenna. There were four antenna stations
in the new experimental setup recording electric fields in 50 us with a spectral resolution of
20 KHz. The setup used matched filtering, digital beamforming, and radio frequency
interference (RFI) with neural networks to decrease systematic uncertainty [8]. Inside a
rectangular area constraint of the antenna, the theoretically ideal tiny loop antenna form was
calculated. The best parameters and approaches with cut-off corners were computed [9]. A
low-cost of compact loop antenna that consisted of two connected rectangular counter-wiring
loop antennas was created for radio direction finding. It was a tracking control device with a
broad linear detection range [10]. A low-frequency radio receiver was used for amateurs and
researchers. The receiver had an overall gain of 34 dB, a minimum input voltage of 100 uV,
and an output voltage of 135 mV. High-Definition Software-Defined Radio (HDSDR) was
used to monitor and test the system in a lab setting [11]. Three square-shaped antennas were
studied to improve the bandwidth of circular polarization. The 3 dB axial ratio bandwidth
may reach 38% with a 0.04 wavelength arm width, which is three times bigger than a wire-
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loop antenna [12]. Our goal in this study is to simulate the circular loop antenna at a
frequency of 1.42 GHz. This frequency is generated from a natural hydrogen atom by a well-
known mechanism. The mechanism is called the spin-flip transition, in which the direction of
the proton’s spin is opposite to the electron's spin. In the normal case, the electron and proton
have a parallel spin [13]. The difference between the two cases gives a photon with a
frequency of 1.42 GHz [14, 15]. In addition, this frequency is protected and has wide
applications in radio astronomy. For example, mapping the hydrogen clouds in the universe
also determines the flux density or brightness temperature of the observed radio source that
emitted this line. Besides, this frequency is used to estimate the rotation curve of our galaxy
[16, 17, 18]. Since the circular loop is easy to design with less cost, this antenna is chosen to
be observed or operated at a frequency of 1.42 GHz [19, 20]. Hence, the window functions
are used to improve the characteristics of the circular loop antenna. The fundamental
equations that compute the antenna characteristics are given in Section Two. Section Three
gives the simulated results and discussion of the circular loop antenna before and after an
improvement. Finally, the important conclusions are given in Section Four.

2. Theoretical Considerations

A radiation pattern is the key to measure the performance of any antenna. It represents an
antenna field of view or an antenna response to the incident radio wave. The simplest form of
a circular loop antenna radiation pattern (U) can be given as [21]:

U(8) = Ji(krsin(6)) (1)

Where 6 is the elevation angle, J; is the first order of the Bessel function, & is the wave
number, and r is the radius of the circular loop antenna. Certain antenna characteristics may
be used to evaluate the performance of the antenna. The radiation pattern has a major
influence on these characteristics. Four of the most significant antenna characteristics are
examined in this section. Antenna directivity, or a directional gain (D), is the first. It is the
realization of U compared to the realization of the isotropic radiation antenna U,. D is written
as [22]:
U

D=4 @)

Another form of U, is computed in terms of the radiated power (Praq). Praa 1s Obtained by an
integration of the U overall and the solid angle 4r. Consequently, the U, is given by [22]:

U, =22 = [*" [T UsinGdodep 3)

41T

Therefore, Eq. (2) can be rewritten as the following [23]:

4y
D= 4
Prad ( )
The second parameter is the effective area (4.), or a receiving antenna. 4. is given as [24]:
4, =22 5
o= &)

Antenna efficiency () is the third parameter. This coefficient offers a connection between the
antenna gain (G) and the D [24]:

n=1 (6)
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Where G is useful in describing the performance of the antenna. It can be estimated by the
following formula [24]:

__Am4,

=" (7)

G is generally given by a logarithmic scale (dB). The last parameter is the antenna solid angle
(€Q4), sometimes called the beam width. This parameter is responsible for determining the

angular resolution. One form of €4 can be computed in terms of D, as given by [25]:
41

0, =2 ®)
3. Results and Discussion

One-dimensional numerical simulations are carried out to investigate and improve the
essential characteristics of the circular loop antenna radiation pattern. This pattern is
simulated in an array of size (N = 360) pixels according to Eq. (1). The frequency at which
this equation is produced is 1.42 GHz, or 0.21 m in wavelength. The generated pattern of a
circular loop antenna depends on the circumference (C) of the antenna. C values are chosen
to be smaller, equal, and larger than the operated wavelength. The antenna circumferences are
assumed to be (C=4/3 m, C=4/1.5 m, C=4 m, C=1.54 m, and C=31 m). This is done to
demonstrate the convenient antenna size for observing the hydrogen line emission (1.42
GHz). The results are displayed in Fig. 1. It is clear that the radiation patterns of (a, b, and c)
in Fig. 1 have a wide main lope and no side lobes. Whereas in Fig. 1 (d and e), the radiation
pattern is separated into different lobes as C increases larger than A. Fig. 1 is depicted by
another view, as shown in Fig. 2, to provide further details regarding the radiation pattern. It
is clear that the pattern of the circular loop antenna is very weak and less than equal to one.
The best value of C, which gives the highest intensity of the radiation pattern, is found to be
at C=1/1.5, as shown in Fig. 2-b. This figure shows an intensity pattern greater than 0.5 that is
flatter than others. The most important antenna characteristics, which are built on the
radiation pattern, are studied. These characteristics are antenna directivity (D), effective area
(4e), efficiency (), and solid angle (€24).
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Figure 1: The polar radiation pattern (U) of the circular loop antenna at different values of
circumference (C). a- C=4/3, b- C=1/1.5, c- C=4, d- C=1.54, e- C=34.
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Figure 2: The radiation pattern (U) plot of the circular loop antenna at different values of

circumference (C). a- C=4/3, b- C=1/1.5, c- C=4, d- C=1.5, e- C=34.

These antenna parameters are computed using Equations (2-8) as listed in the theoretical
part. The results, displayed in Fig. 3., reveal the weakness of the computed characteristics (D,
Ae, 1, and Q) for the circular loop antenna. Consequently, this study aims to improve the
radiation pattern and increase the sensitivity of the loop antenna. This improvement can be
implemented using window functions on the loop antenna radiation pattern. Window
functions, sometimes, are called apodization or tapering functions. The most common types
of window functions are Rectangular Window (RW), Hanning Window (HNW), Hamming
Window (HMW), and Kaiser Window (KW). Mathematically, these types are given,

respectively, by [26-30]:

1, n<N

RW = {O, otherwise

HNW = 0.5(1 — cos (zm))

N

2nn

HMW = 0.5 — 0.46cos (T)

Ji([1-CR-1y2
KW =_N_"~ 7

J1 ()

)

(10)

(1)

(12)

Where, 7 is an integer (0 < n < 360), Ji is the first kind of Bessel function, and o is the order

of the Kaiser function, set to be 9.
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Figure 3: a- The directivity (D) as a function of the antenna circumference (C), b- The
effective area (4e) as a function of the antenna circumference (C), c- The efficiency (7) as a
function of the antenna circumference (C), and d- The solid angle (€4) as a function of the
antenna circumference (C).

The results of Equations (9—12) are shown in Fig. 4. The window functions have zero
values outside of a certain interval. These four window functions are applied via their
multiplication with the Fourier transform of the radiation pattern. This is achieved to enhance
or improve the characteristics of the circular loop antenna. The results are illustrated in Figs.
5, 6, 7, and 8, respectively. It should be noted here that the pattern in Fig. 5 (a, b, ¢, and d)
has a clear main lobe with maximum gain with uniform side lobes, except (¢) which has side
lobes with a high gain. HNW is a vital window and leads to a main lobe approach to a Dirac
delta function, and there are no side lobes, as shown in Fig. 6 (a, b, and c¢). This means any
signal recorded, such as a system, will be itself without any attenuation. While (d and e) have
several narrow side lobes with high gain, these side lobes could receive signals from different
observed sources. Therefore, the final result will be confusing. Fig. 7 is only Fig. 2
magnified. HMW increases the gain of the main lobe radiation pattern to one, but it stays
wide. Because signals from two nearby radio sources might be received. These results are
practically unsuitable for radio astronomical observations. The results are achieved by KW,
as are the results by HNW, but the main lobe is a little wide, and (d and e) have no side lobes.
This is very clear from the comparison between Fig. 8 and Fig. 6. The antenna characteristics
are computed after an implementation of the four window functions. Fig. 9 illustrates the

results.
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Figure 4: a- Rectangular Window (RW) as a function of (), b- Hanning Window (HNW) as
a function of (#), c- Hamming Window (HMW) as a function of (6), and d- Kaiser Window
(KW) as a function of (6).
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Figure 5: The radiation pattern (U) using the Rectangular Window (RW) as a function of (6):
a- C=A4/3, b- C=4/1.5, ¢c- C=4, d- C=1.54, and e- C=34.
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Figure 6: The radiation pattern (U) using the Hanning Window (HNW) as a function of (6):
a- C=1/3,b- C=1/1.5, c- C=4, d- C=1.54,

and e- C=3/.
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Figure 7: The radiation pattern (U) using the Hamming Window(HMW) as a function of (6):
a- C=1/3, b- C=4/1.5, c- C=4, d- C=1.5/, and e- C=3A.
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Figure 8: The radiation pattern (U) using the Kaiser window (KW) as a function of (6): a-
C=1/3, b- C=4/1.5, c- C=A, d- C=1.54, and e- C=3].
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Figure 9: a- The directivity (D) as a function of the antenna circumference (C), b- The
effective area (4.) as a function of the antenna circumference (C).c- The efficiency () as a
function of the antenna circumference (C), and d- The solid angle (€24) as a function of the
antenna circumference (C).

4. Conclusions

The radiation patterns of the circular loop antenna are simulated at a frequency of 1.42
GHz. This frequency belongs to the neutral hydrogen emission line and is considered very
important due to its availability in the universe and wide applications in radio astronomy
observations. Five values of the circular loop antenna circumference are taken to obtain
acceptable results for antenna characteristics. These characteristics are antenna directivity
(D), effective area (4.), efficiency (#), and solid angle (€24). The results showed that the
maximum values of the antenna characteristics were found to be 2.6, 0.009 (m?), 0.011, and
11.5 (radian), respectively. Although different values of the antenna circumference were
used, the antenna characteristics were considered very weak (see Fig. 3). The Fourier
transform of the circular loop antenna pattern was multiplied with the window functions to
improve the antenna characteristics. Four types of window functions were implemented to
obtain the desired antenna characteristics operating at a frequency of 1.42 GHz. These types
were the rectangular window (RW), Hanning Window (HNW), Hamming Window (HMW),
and Kaiser Window (KW). The results showed that the HMW gives higher values of antenna
characteristics. These values are found to be (directivity D = 100 or 20 dB), (effective area A.
= 0.35 m?), (efficiency # = 0.6), and (solid angle Q4 = 0.1 radian), as shown in Fig. 9.
Consequently, the small circular loop antenna, especially at the circumference (C = 4/1.5), is
found to be the best antenna for observing the hydrogen emission line.

References

[1] W.Congsi, L.Haihua, Y.Kang, X.Qian, W.Na, D.Baoyan, G.Wei, X. Lan, and D. Yuhu,"Active
Surface Compensation for Large Radio Telescope Antennas", International Journal of Antennas
and Propagation, Article ID 3903412, pp.1-17, 2018.

[2] A.Raghunathan, K.Satish, A.Sathyamurthy, T.Prabu, B.S.Girish, K.S.Srivani and S.K.Sethi,
"Antennas for low-frequency radio telescope of SKA", Journal of Astrophysics and Astronomy,
vol. 44, no. 43, pp.1-14, 2023..

[3] S.J. Orfanidis, Electromagnetic Waves and Antennas, Rutgers University, 2004.

1204



Jallod et.al Iraqi Journal of Science, 2026, Vol. 67, No. 2, pp: 1196-1206

[4] R.D.Straw, L.B.Cebik, H.Dave, J.Dick, and L.Roy, The ARRL Antenna Book: The Ultimate
Reference for Amateur Radio Antennas, Transmission Lines And Propagation, 21 Edition, USA,
2007.

[S] Balanis C.A., Antenna theory: analysis and design, John wiley & sons, 2015.

[6] U.E.Jallod, and K.M.Abood, "Characteristics measurement of Baghdad University radio
telescope for hydrogen emission line", AIP Conference Proceedings, vol.2190, n0.020035, 2019.

[7] LP.Ako, .LE.Achumba, and C.K.Agubor, "A Study of the Radiation Characteristics of a Circular
Loop Antenna Using Genetic Algorithm Technique, International Journal of Applied
Engineering Research, vol. 14, no.7, pp.1499-1504, 2019.

[8] D.Kostunin, P.Bezyazeekov, N.Budnev, O.Grishin, O.Fedorov, Y.Kazarina, L.Kuzmichev ,
S.Malakhov, T.Marshalkina, V.Oreshko, M.Pshirkov, G.Rubtsov, A.Sokolov, A. Zagorodnikov,
and D.Zhurov, "Quest for detection of a cosmological signal from neutral hydrogen with a digital
radio array developed for air-shower measurements", 36™ International Cosmic Ray Conference -
ICRC2019- July 24th - August 1", Madison, WI, USA, 2019.

[9] M.Heniz and O.Pascal, "Shape Optimization for a Rectangularly Constrained Small Loop
Antenna", IEEE, 2000.

[10] T.Tsay, "Small Loop Antenna System Design for Radio Direction Finding", Wseas Transactions
on Communications, vol.20, 2021.

[11] AlLAhmed, "Design a Radio Receiver for Solar Activity Observation in VLF Band, Al-
Khwarizmi Engineering Journal, vol. 19, no.1, 2023.

[12] H.Kazuhide, H.Mitsuki, N.Hisamatsu, "A Simultaneous Study on Wire-Loop, Plate-Loop, and
Plate Antennas for Wideband Circular Polarization", Hindawi International Journal of Antennas
and Propagation, Article ID 9326275, pp.1-7, 2024.

[13] D. B. Christopher, L.M.Daniel, V.B.Konstantin, K.Jonathon, S.R.Kulkarni, J. Lamb, V.Ravi, and
D.Woody, "STARE2: Detecting Fast Radio Bursts in the Milky Way", Publications of the
Astronomical Society of the Pacific, vol.132, n0.034202, 2020.

[14] D.R.Rybarczyk, M.Gong, S.Stanimirovici, B.Babler, C.E.Murray, J.M.Winters, G.Luo,
T.M.Dame, and L.Steffes, "The Role of Neutral Hydrogen in Setting the Abundances of
Molecular Species in the Milky Way’s Diffuse Interstellar Medium. II. Comparison between
Observations and Theoretical Models", The Astrophysical Journal, vol. 926, no.190, pp. 1-11,
2022.

[15] M. H. Khudhur, M. H. Al-Jibooril, K. M. Abood, "The study of the Effect of Ionospheric
Variables on the Astronomical Radio Signal", Iraqi Journal of Science, vol. 65, no. 11, p. 6753-
6764, 2024.

[16] A.Fialkov, T.Gessey-Jones, and J.Dhandha, "Cosmic mysteries and the hydrogen 21-cm line:
bridging the gap with lunar Observations", philosophical Tranactions of the Royal Society A,
vol.382, no. 20230068, pp.1-16, 2024.

[17] K.Grasha, J.Darling, A.K.Leroy, and A.D.Bolatto, "The evolution of neutral hydrogen over the
past 11 Gyr via HI 21 cm absorption", Monthly Notices of the Royal Astronomical Society,, vol.
498, pp. 883898, 2020.

[18] C.Collaboration, M.Amiri, K.Bandura, T.Chen, M.Deng, M.Dobbs, M.Fandino, S.Foreman, M.H
alpern, A.S.Hill, G.Hinshaw, C.Hofer, J.Kania, T.L.Landecker, J.MacEachern, K.Masui, J.Mena-
Parra, N.Milutinovic, A.Mirhosseini, L.Newburgh, A.Ordog, U..Pen, T.Pinsonneault-

Marotte, A.Polzin, A.Reda, A.Renard, J.R.Shaw, S.R.Siegel, S.Singh, K.Vanderlinde, H. Wang,
D.V. Wiebe, D.Wulf, "Detection of Cosmological 21 cm Emission with the Canadian Hydrogen
Intensity Mapping Experiment”, The Astrophysical Journal, vol. 947, no.16, pp.1-59, 2023.

[19] E.Corbelli and S.Paolo, "The extended rotation curve and the dark matter halo of M33", Monthly
Notices of the Royal Astronomical Society, vol.311, no.2, pp.441-447, 2000.

[20] AAM.Md., S.H.Choudhury and [.M.Md., "Radiation from a Large Circular Loop Antenna for a
Series of Fourier Harmonic Current Distribution", Proceedings of the Conference on Engineering
Research, Innovation and Education (CERIE), 11-13 January 2011, Sylhet, Bangladesh, pp: 663-
667.

[21] H. H.William, J. A. B. Jr., Engineering Electromagnetics, 8" Edition, The McGraw-Hill
Companies, New York, 2012, pp. 521-522.

1205


https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Dave+Hallidy&text=Dave+Hallidy&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_4?ie=UTF8&field-author=Dick+Jansson&text=Dick+Jansson&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_5?ie=UTF8&field-author=Roy+Lewallen&text=Roy+Lewallen&sort=relevancerank&search-alias=books
https://arxiv.org/search/astro-ph?searchtype=author&query=CHIME+Collaboration
https://arxiv.org/search/astro-ph?searchtype=author&query=Amiri,+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Bandura,+K
https://arxiv.org/search/astro-ph?searchtype=author&query=Chen,+T
https://arxiv.org/search/astro-ph?searchtype=author&query=Deng,+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Dobbs,+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Fandino,+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Foreman,+S
https://arxiv.org/search/astro-ph?searchtype=author&query=Halpern,+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Halpern,+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Hill,+A+S
https://arxiv.org/search/astro-ph?searchtype=author&query=Hinshaw,+G
https://arxiv.org/search/astro-ph?searchtype=author&query=H%C3%B6fer,+C
https://arxiv.org/search/astro-ph?searchtype=author&query=Kania,+J
https://arxiv.org/search/astro-ph?searchtype=author&query=Landecker,+T
https://arxiv.org/search/astro-ph?searchtype=author&query=MacEachern,+J
https://arxiv.org/search/astro-ph?searchtype=author&query=Masui,+K
https://arxiv.org/search/astro-ph?searchtype=author&query=Mena-Parra,+J
https://arxiv.org/search/astro-ph?searchtype=author&query=Mena-Parra,+J
https://arxiv.org/search/astro-ph?searchtype=author&query=Milutinovic,+N
https://arxiv.org/search/astro-ph?searchtype=author&query=Mirhosseini,+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Newburgh,+L
https://arxiv.org/search/astro-ph?searchtype=author&query=Ordog,+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Pen,+U
https://arxiv.org/search/astro-ph?searchtype=author&query=Pinsonneault-Marotte,+T
https://arxiv.org/search/astro-ph?searchtype=author&query=Pinsonneault-Marotte,+T
https://arxiv.org/search/astro-ph?searchtype=author&query=Polzin,+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Reda,+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Renard,+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Shaw,+J+R
https://arxiv.org/search/astro-ph?searchtype=author&query=Siegel,+S+R
https://arxiv.org/search/astro-ph?searchtype=author&query=Singh,+S
https://arxiv.org/search/astro-ph?searchtype=author&query=Vanderlinde,+K
https://arxiv.org/search/astro-ph?searchtype=author&query=Wang,+H
https://arxiv.org/search/astro-ph?searchtype=author&query=Wiebe,+D+V
https://arxiv.org/search/astro-ph?searchtype=author&query=Wulf,+D

Jallod et.al Iraqi Journal of Science, 2026, Vol. 67, No. 2, pp: 1196-1206

[22] O. M.Alade, "On the Antenna Gain Formula", International Journal of Applied Science and
Technology, vol. 3, no. 1, pp: 43-49, 2013.

[23] K.Hirose, S. Tsubouchi, and H. Nakano, "A loop antenna with quasi-two sources for circular
polarization", Electronics Letters, vol. 58, n0.6, pp. 222-224, 2022.

[24] Z.Xianhao, G.Kang, L.Zhongmei, "Antenna Modeling and Simulation Method Analysis and
Research", Journal of Physics: Conference Series, vol.1907, 2021.

[25] A.A.Raji and J.F.Orimolade," Analysis of Circular Loop Antenna Using Elliptical Loop Antenna
As Radiation Source", Umudike Journal of Engineering and Technology, vol. 6, no. 2, pp.1-9,
2020.

[26] P.Tangkittipon, Y.Tungtragul, A.Jesadamethakajorn, A.Suksawad, "Designing a frequency filter
with optimal parameters for the Kaiser window using an evolutionary heuristic with a bee colony
algorithm", Przeglgd Elektrotechniczny, vol.100, pp. 77-82, 2024.

[27] A.A.S.Hannah and G.K.Agordzo,"A Design of a low-pass FIR filter using Hamming Window
Functions in Matlab", Computer Engineering and Intelligent Systems, vol.11, no.2, pp.24-30,
2020.

[28] M.Sh.Zahedi, S.Mohammadi, A.Heydari, "Kaiser Window Efficiency in Calculating the Exact
Fractal Dimension by the Power Spectrum Method", Journal of Mathematical Extension, vol. 17,
no. 2, pp. 1-15, 2023.

[29] M.Soleh, A.S.Nasution, A.Hidayat, H.G., and A.Widipaminto, "Analysis of Antenna
Specification for Very High Resolution Satellite Data Acquisition Through Direct Receiving
System (DRS) ", International Journal of Remote Sensing and Earth Sciences, vol. 15, no. 2, pp.
113-130, 2018.

[30] A.Arranz-Gimon, A.Zorita-Lamadrid, D.Morinigo-Sotelo, O.Duque-Perez, "Analysis of the use
of the Hanning Window for the measurement of interharmonic distortion caused by close tones in
IEC standard framework", Electric Power Systems Research, vol. 206, pp. 1-13, 2022.

1206


https://www.researchgate.net/profile/Akeem-Raji-6?_sg%5B0%5D=ihZyUbjzQk0PSXzO7NOOEelcPGq3Z9NFxKUQsDuUqAIkTTWzqO5a3Y9rs7BFgWHh8T-mF04.ygvBNB7znvrzj0m2yE16Z3IfgfqSSeLRGjNEbFhq1CRyZEZuXnXdlxnN0NjEsV9w8AU2TnuaeQM8N4Wdj2BN0g&_sg%5B1%5D=75gxQ8vw1YxcGesOx6xTpAdEMNcOa2PNXoh0IaRBcMxxkV_Q0r4U7JAUTQLCsfPMXSF5RUM.kT5qtDBv3nRWVxz_aGmIsJ3EUZgEamCMR39-aAMhDjRcjJRuO3PTF21cMBJSAhCq3K_As4I_acr-emN_Nl72tw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Joseph-Folorunso-Orimolade-2273838202?_sg%5B0%5D=ihZyUbjzQk0PSXzO7NOOEelcPGq3Z9NFxKUQsDuUqAIkTTWzqO5a3Y9rs7BFgWHh8T-mF04.ygvBNB7znvrzj0m2yE16Z3IfgfqSSeLRGjNEbFhq1CRyZEZuXnXdlxnN0NjEsV9w8AU2TnuaeQM8N4Wdj2BN0g&_sg%5B1%5D=75gxQ8vw1YxcGesOx6xTpAdEMNcOa2PNXoh0IaRBcMxxkV_Q0r4U7JAUTQLCsfPMXSF5RUM.kT5qtDBv3nRWVxz_aGmIsJ3EUZgEamCMR39-aAMhDjRcjJRuO3PTF21cMBJSAhCq3K_As4I_acr-emN_Nl72tw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

