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An array of antennas is a radiating structure made up of components and radiators. Every radiator in this
set has a unique induction field. Because of their close proximity, all of the components are within each other's
induction fields. As a result, the radiation pattern they created would consist of the vector sum of each one
separately. In systems like radar, communications via satellite, and medical imaging, where undesired sidelobe
signals can impair target recognition or image quality, sidelobe minimization is essential. In this paper, the
normalized radiation pattern of eight elements in a uniform linear array having uniform spacing between each
element of d = A/2 has been simulated along with sidelobe Level (SLL) reduction. The two methods studied are:
Tapering using windowing by Hamming, Hanning, Blackman and Kaiser window with rectangular window as
the reference. Array tapering using DFT with 20 numbers of elements, — 40 to 40 steering angle and Hamming
window as the side-lobe control method. The array tapering and different windowing method has been studied
with Hamming, Hanning Blackman and Kaiser window with rectangular window as reference. The gain
pattern of 20 element array has been studied with — 40 to 40 steering angle and Hamming window as the side
lobe control method. Radar systems, satellite communications, mobile communications networks, and the
military and defense industries all use this SLL technology.
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1. INTRODUCTION unwanted interfering signals. The goal is to increase the

system's ability, reliability of service, along with
information rates. The optimized algorithm [2] and 12-
element time-modulated asymmetric elliptical antenna
array [3] have been used to generate the radiation
pattern of non-uniform series-fed microstrip patch
antennas.2D arrays are currently widely used in MIMO
as well as 5G systems to handle multiple broadcast or
arriving signals [4].

Numerous applications and utilities, which include
mobile phones, communications through satellites, radar,
sonar, and even more recent wireless internet
connections like the Internet of Things (IoT) in addition
to medical networks, have made wireless networking and
communication indispensable to our daily lives [1]. which
uses beam-forming and antenna arrays to increase the
power of the necessary signals while decreasing
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Consequently, it is advised that the antennas in the
array reduce emission toward other directions,
particularly at the side-lobes, while forming the main-
lobe toward the intended signal direction. An antenna for
the low sidelobe level (SLL) slot array [5] is designed
using a W-band uneven power divider. Significantly
raising the flare angle can reduce antenna clutter,
reducing the length of the antenna can increase its
bandwidth, and short antennas are advantageous for
targets close to the surface [6]. High data rate
communication and millimeter-wave radar benefit from
antennas with radiation efficiency greater than 90% [7],
good side lobe size for cost-effective 60 GHz applications
[8], and antennas with an efficiency of roughly 97% are
ideal for satellite communication systems and radar [9].
Front-to-back ratios for radar applications need to be
better than 10.7 dB [10], and shoulder-shaped antennas
[11] with flat emission patterns were made for 77 GHz
automotive radar application in [12].

Reducing side lobe level is one of the elements in
radar systems that enhance array antenna performance.
The array antenna's antenna elements must have
distinct weighting factors in order to produce beam
patterns that are below side lobe level. In order to get
varied weight factors, the sides are lowered in extent
using unequal power dividers [13]. It is anticipated that
the next 5th-generation (5G) antenna systems will use a
single multi-beam array using spaced division multiple
access (SDMA) to serve numerous users concurrently in
the same frequency range [14]. Suppressing inter-user
interference is essential for improved communication
quality and capacity since interference, not noise,
dominates such systems [15]. In this paper, we have
analyzed the linear array antenna gain pattern with
tapering techniques.

2. DESIGN EQUATION-LINEAR ARRAY
ANTENNA

Narrow directional beams produced by arrays of
antennas can be electrically or physically directed in
various directions. Adjusting each phase of the electrical
current which feeds the array elements allows for
electrical steering. Arrays with beams that may
electrically steer them are known as phased arrays. In
most cases, the array's array ratio provides a complete
description of it. The array factor allows the designer to
determine the arrays' (1) 3-dB beamwidth; (2) null-to-null
beamwidth; (3) the distance that is determined between
the initial sidelobe in addition the dominant peak; (4) the
height that represents the initial sidelobe in relation
from the main beam; (5) the nulls' location; (6) the
sidelobe's rate of reduce; and (7) the grating lobes'
destinations. A linear array antenna with identical
elements i1s depicted in Fig. 1. In (a), d, and this is
frequently stated in frequency units, indicates a
component separation. Assume that an array's phase
indicator 1s element 1. Given that K=2II/1, the
arrangement of elements makes it evident that each
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outgoing waves which achieves the nth component enters
its phase within the (n+1)th element prior Kdsiny.

The averaged phase is unaffected by ¢ distance from
nearest observed point P. Considering isotropic
components, an electrical field at a far field observation
position having direction-sine identical to siny is

N
sml// = Ze’ Nkdsiny) (1)
i=1

Highest value of |E (sinl//) is equivalent to =0 and

occurs at |E sinl//|. The structure of standardized

intensity [10] is therefore equal to

1 |s1n desml//)/2)|

N| sin((kd siny )/ 2) | ®

|En(sin(//)| =

The standardized bilateral array scheme, often known
as the radiation electromagnetic pattern, is supplied by

‘ 1 ( sin((Nkdsiny)/2)Y’
Glsiny ) :_( sin((kdsim,/w)/z) J ®

N2

For N=8, Fig. 1(b) plots Eq.(4) against sin6.
Anisotropic to the azimuth angle (siny = 0), the radiated
G(siny) waveform is cylindrical symmetrical along its
center. As a result, its values throughout the range
decide it entirely (0<w <IIl). In order to steer the
primary ray of an array into the direction-sine sing,, any
two neighbouring elements must have a phase difference
of kd singn. Adjusting the direction in which the present
force is supplied to each array element allows for
electronic completion of this task.
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Fig.1-(a) Eight elements in a uniform linear array having
uniform spacing between each element of d = 2/2 (b) Normalized
radiation pattern

The standardized patterns of radiation for this
instance may be expressed as
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|G(sin B) =

1 (sinl(Mkd 2)sinp-sinf)] |
N2 sin[(kd/2)sin 8 —sin £,)]

3. ARRAY TAPERING

However, the first side lobe, 13.46 dB below the main
lobe, may not be sufficient for most radar functions. The
array must be designed to reduce the side-lobe levels by
emitting much less power at the periphery and more in
the core. The compromise among side-lobe lowering as
well as primary beam broadening must be considered
when selecting a tapering procedure for a particular
radar operation.
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Fig. 2 — (a) N=8 & d = A/2 normalized radiation plot. Comparison
of windowing function with Rectangular as reference (b) Hamming
& Hanning (c) Blackman (d) Kaiser with =3 & 6

Fig. 2(b) to (d) illustrates the effects of most of the
popular windows on the array's patterns in terms of peak
reductions together with primary beam broadening,
using the rectangular windows to serve as baseline. The
linear array's radiation power pattern with a rectangular
window 1is displayed in Fig. 2(a). In contrast to
rectangular and Hamming windows, the side-lobe level
has decreased in these arrays using Hamming and
Blackman windows, as illustrated in Figs. 2(b) and (c). As
seen in Fig. 2(d), the side-lobe value has decreased as the
Kaiser window's S value has increased in comparison to
the reference window.
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4. ARRAY TAPERING USING DFT

The linear array about size N, component separation
d, and length L is seen in Fig. 3.

(0 (1 (2 (3 ®(4
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"

d

Fig. 3— Linear array of dimension 5, featuring hardware for
phase shifting and tapering

The radiators are d-diameter circular dishes. Let w(n)
and @(n) stand for the tapering as well as phase shifting
sequences, respectively. At a distant field point, the
standardized electric field according to direction-sine
siny using a window sequence's symmetry attribute is

N
=/ Y (V!
" ®)

The definition of the sequence's w(n) discrete Fourier
transform is

N-1 _(j2mq)
W(q)=2w(n)e N g=0,1,...,N-1
"0 ®6)

The set {sinyq} that equals the DFT kernel for Vi is

. Aq
siny, =— ; ¢=0,1,...,N -1
7 Nd (7
By combining the above two equs., we get
E(sin 'r’/)zemJ w(q) (8)

The modulus of the aforementioned equation is used
to calculate the wunidirectional array pattern.
Consequently, a tapering linear array with circular
dishes' uniline radiation pattern is

G(siny)=G, W (q) ©
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Fig. 4 — Comparison of windowing effect in array gain pattern
using DFT with N =20 &. (a) Element spacing = 0.5 & Steering
angle = 0° (b) Element spacing =0.5 & Steering angle = 5° (c¢)
Element spacing =1.5 & Steering angle =40° (d) Element
spacing = 1.5 & Steering angle = — 40°

Where the element pattern is denoted by Ge. A small
number of bits from the Transmit/Receive (TR) modules are
frequently used in practice to create phase shifters. The
difference between the desired and real quantized phases, or
quantization error, consequently affects the side-lobe levels.
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AHTenHa pelriTyacTa aHTeHA — 1€ BUIPOMIHIOBAJIbHA CTPYKTYpPa, IO CKJIAJAETHCA 3 KOMIIOHEHTIB Ta
pumnpominoBauis. HoskeH BumpomiHioBad y 1iboMy Habopl Mae yHIKaJIbHe 1HAYKIifHe nose. Uepes ix Oim3bke
posraniyBaHHsA BCi KOMIOHEHTH 3HAXOOATHCA B MeKaxX IHAYKIIMHMX IOJIB OXWH onxHoro. Sk pesynbrar,
miarpamMa CIpPsMOBAHOCTI, Ky BOHH CTBOPIOIOTH, CKJIQJATHMETHCS 3 BEKTOPHOI CyMH KOJKHOTO 3 HUX OKpeMo. Y
TAaKUX CHCTEMAaX, K pajap, CyIyTHUKOBUM 3B'A30K Ta MeIWYHA BidyaJsisarlisd, Je HeOakaHl CUTHAJMA OIYHUX
[IeJIFOCTOK MOSKYTH IOTIPIIUTH PO3Mi3HABAHHS Iiiai abo SIKICTH 300paskeHHs, MIHIMi3allis OIYHUX IIEJIIOCTOK €
BAKJIMBOI0. Y I[ii crarTi OyJI0 3MOZEILOBAHO HOPMAJIi30BAaHy Jiarpamy CIpPsSMOBAHOCTI BOCBMH €JIEMEHTIB B
PIBHOMIPHIN JIHINHIHM penriTiii 3 pIBHOMIPHOI BICTAHHIO MK KOKHUM eJieMeHTOM d = A/2 pa3oMm 31 3HUKeHHSIM
piBus Oiummx mesoctok (SLL). Jocmimxeno aBa MeTomu: 3BYKeHHSI 3 BUKOPUCTAHHAM BIKOHYBAHHA 3a
JI0IIoMoToI0 BikHa XemMinra, XenHinra, Biekmana ta Kaiizepa 3 IpAMOKYTHUM BIKHOM SIK OIIOPHUM. 3BYIKEHHS
petmriTyacroi pemritTyacroi antenu 3 suxkopucraHuasam DFT 3 20 kisbkicTio eseMeHTIB, KyTOM II0BOopoTy Bim —40 1m0
40 Ta BIKHOM XeMMIHra SIK METOJIOM KepyBaHHs OIYHWMH IIeJIIOCTKAMH. 3BY:KEHHS PENIITKH Ta Pi3HI MeToqu
BIKOHYBAHHS [OCJIIKYBAJIMCA 3 BHUKOPHCTAHHAM BiKHA XeMMiHra, XewHiura, Baexmama ta Kaitsepa 3
IPSIMOKYTHUM BIKHOM sik erasoHoM. Jliarpama mocuiieHHsi 20-eJIeMEHTHOI PEINTKH JOCIIIIKYBAIACT 3 KyTOM
moBopoTy HampsMKy Bix — 40 mo 40 Ta BikHOM XeMMiHra sSK MeTOJOM KepyBaHHS OIYHUMH II€JIIOCTKAMU.
Pamiosokartriitei cucreMu, CyIyTHUKOBHHN 3B'sI30K, MePesKkl MOOLIBHOTO 3B'SI3KY, 4 TAKOXK BifCHKOBA Ta 000POHHA
IIPOMUCJIOBICTH BUKOPUCTOBYIOTH ITI0 TeXHOJ0ri0 SLL.

Knwouosi cnoea: Amrenna permitka, Jliarpama cmpsmoBaHocTi majdbHBOTO moJist, MeTon BikHA, 3BysKeHHS
pemriTkn, PiBeHb GIYHUX MIETIOCTOK, 34CTOCYBAHHSA B PAII0JIOKAITII.
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