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Abstract. Window methods that are frequently used in the design of finite impulse
response filters are also applicable to antenna array designs. This paper explores
the application of a Kaiser function in a power-weighted antenna array design,
focusing on the determination of the Kaiser function’s B parameter. The
determination, which includes the calculation, optimization, and validation of the
[ parameter, was carried out based on a specific configuration of a linear antenna
array design. The observation of this exploration emphasized the suppression of
the sidelobe level (SLL) and the width of main lobe (WML) performance. By
changing the B parameter, the Kaiser function is capable of approximating
different window methods, since it plays an important role in defining the set of
weighting coefficients for a specifically targeted SLL. Kaiser function application
in power-weighted antenna array designs with a linear arrangement indicates the
need of P parameter optimization because of the disagreement between the
obtained SLL and the targeted SLL. The optimized [ parameter produced a smaller
SLL error for even and odd numbers of elements. From the validation, the average
SLL error percentage for a targeted SLL of 25 dB, 35 dB, and 45 dB was 6%,
4.31%, 6.10%, respectively.

Keywords: antenna array; Kaiser function; power weighting; radiation pattern;
sidelobe level (SLL); width of main lobe (WML).

1 Introduction

Directivity and desired radiation patterns are two of the main targeted
improvements in antenna array performance [1]. By focusing on the desired
radiation pattern, the requirements for the suppression of the sidelobe level (SLL)
and the width of main lobe (WML) are two metric performance factors in antenna
array design based on the use cases [2,3]. A well-known method for performance
optimization of antenna arrays is the power-weighted method, which has been
investigated over the last several decades [4,5]. SLL suppression in antenna
arrays using the power-weighted method is commonly done by distributing
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weighted power to each element based on a set of coefficients. The ordering of
the power-weight allocation is executed by engaging a different impedance of the
transmission line for every element, so that it provides weighted current and
power alike [6].

The application of a window function as weighting coefficient has been discussed
in some references from the 1980s [7,8]. Besides a Chebyshev function, other
functions such as a Kaiser function and a Blackman function are also applicable
to meet the performance metric requirement. Both have been declared as two
window functions that can attain improved SLL suppression in antenna arrays [9-
12]. Unfortunately, the research on the radiation pattern properties in power-
weighted antenna arrays with a linear arrangement based on both functions is
limited. Previous investigations are reported in [13,14]. The main motivation for
investigating the possibility of using other window functions is to have a
promising approach for application in power-weighted antenna array designs
where slight differences in degree of elevation and azimuth beam widths are very
important [2,3]. An analytical approach using a mathematical formulation in
developing a design model for a certain type of antenna and optimizing a
beamformer device with a required pattern has been described as reliable in
[15,16].

In order to have more choice in implementing power-weighted antenna array
designs, application of a Kaiser function is an interesting but challenging
alternative. Some benefits of applying a Kaiser function are that it provides
broader main lobes in the radiation pattern and comparable flexibility in SLL
suppression with a Chebyshev function. However, a study of Kaiser function
parameter determination using an analytical approach on power-weighted
antenna arrays is still required as part of the investigations prior to simulation and
measurement. The exploration of the radiation pattern properties of Kaiser and
Blackman functions applied in power-weighted antenna arrays with a linear
arrangement are executed using a mathematical formulation. The radiation
patterns of Kaiser and Blackman functions tend to be relatable for a distinct value
of the Kaiser function’s parameter .

A report of the analytical comparison of radiation characteristics that focused on
a Blackman function and its comparison with a Kaiser function was compiled in
[17]. These two window functions also seem to have enhanced the WML when
compared to a Chebyshev function and they are useful for broadside antenna
array designs [4]. The possibility of applying a Kaiser function in an antenna
array was explored by further investigation of its features as well as implementing
Blackman and Chebyshev functions for comparison. Since the £ parameter is
used in obtaining the set of coefficients based on the targeted SLL [18], the Kaiser
function has similar flexibility as the Chebyshev function. This is considered one
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of the advantages of Kaiser function application in power-weighted antenna
arrays. The determination of the  parameter in the design of antenna arrays based
on a Kaiser function is informative. In this study, the terminology of
determination includes calculation, optimization, and validation. The focus of this
study was the observation of radiation patterns without considering other antenna
parameters. Gain, polarization, and bandwidth were not the focus of the
investigation. There are also predictable drawbacks in Kaiser function
implementation, such as a bigger B, resulting in the first and last weighting values
getting closer to 0, and there being less implementation report. This makes
implementation in a prototype very challenging. Several arrangements of linear
antenna arrays based on Kaiser, Blackman, and Chebyshev functions were
executed to look into the flexibility of the Kaiser function in relation to the
targeted SLL and the accuracy of its f.

2 Antenna Array Arrangement

A geometric model implementing the power-weighted method in an antenna
array design is illustrated in Figure 1, with N as the total number of elements and
d as the distance between elements. This model was developed based on the
geometry of a linear antenna array with non-uniform amplitude distribution and
uniform distance between elements [19], as well as implementing some essential
aspects of array pattern synthesis [20 and power-weighted antenna array designs
[21,22]. The application of a Kaiser function in the power-weighted method for
linear antenna arrays was first carried out by determining the desired SLL target,
the working frequency, the number of antenna array elements, and the type of
antenna and feeding network used.

Having determined these important parameters, the basic idea of applying the
power-weighted method is to ensure that the power delivered to each antenna
element has been weighted or multiplied by a coefficient according to the
weighting function used. This is done by weighting the amplitude of the current
that feeds each element of the antenna array. Therefore, the feeding network must
be designed in such a way that the power distributed to each element corresponds
to the weighting coefficient used. For analysis purposes, a spherical coordinate
was used instead of a Cartesian coordinate, where 6 is the polar angle, ranging
from 0 to mr, and started from the z-axis, while ¢ is the azimuth angle, ranging
from 0 to 27, and measured from the x-axis.

3 Array Factor Pattern

In general, the array factor is a function of a number of elements, geometrical
arrangements, distance, relative magnitudes, and relative phases [23]. The
antenna array design, which has the same amplitude, phase, and distance for every
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element, will have a noncomplex form of the array factor. Since the array factor
is independent from the directional characteristics of the radiating elements, it
can be expressed by displacing the real elements with isotropic point sources. The
total field of the real antenna array is obtained by multiplying the singular element
fields at a picked reference point with the array factor.
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Figure 1 Configuration of the antenna array model in a linear arrangement. (a)
Even N elements, (b) arrangement geometry of N elements with distance d
between elements along the z-axis [23], (c) odd N elements.

The radiated far-field zone of an antenna array of identical elements, E (total), is
equal to the product of the field of a singular element at the point of origin, E
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(single element at reference point), and its array factor. Eq. (1) is specified as a
multiplication pattern for an array with identical elements:

E(total) = [E(single element at reference point)]x [array factor] (1)

This multiplication pattern is valid for arrays with any number of identical
elements; it has a similar pattern and is oriented in the same direction [23,24].
Since the array factor can be ascertained, this approach is useful for gaining
insight into predicting the radiation patterns of antenna array designs. Therefore,
several assumptions are necessary to predict the overall radiation pattern of the
antenna array using the array factor. These assumptions include that the isotropic
elements are identical and that the distance between elements is uniform [23].

Moreover, the implication of mutual coupling is also neglected, since the distance
between elements equals more than A/2 while the range of the number of elements
is quite extended, 7< N<178. Based on these assumptions, the resulted properties
when applying a Kaiser function in a power-weighted antenna array were
explored. The range of number of elements 7<N<178 was chosen to represent
some odd and even numbers of elements in the range of 0 to 200. The explored
values of N were 7, 8, 77, 78, 107, 108, 177, 178. This wide range was chosen to
represent antenna arrays with small and large numbers of elements. The process
of exploration consisted of three main procedures. The first involved inputting
some variables into the calculation process, such as operation frequency, number
of elements, and distance between elements. The second involved calculating the
array factor, while the last involved analyzing the array factor figures. An antenna
array in a linear arrangement with N elements positioned on the z-axis is shown
in Figure 1, where the array factor can be expressed as follows [23]:

AF = Zg=lwnej(n—1)(kd cosy+9) (2)

where w,, is the weighting coefficient of the array elements, also known as the
excitation coefficient [4]; § is the progressive phase excitation between elements;
n is the element number; k is the wave vector, and y is the angle between the axis
of the array (z-axis) and the radial vector from the origin to the point of
observation.

When the elements are placed along the z-axis, the angle y is equal to angle 8, as
shown in Figure 1. An antenna array with a linear arrangement of an even number
of isotropic elements N=2M,,.,, where M,,., iS an integer, is placed
symmetrically along the z-axis. By assuming that the amplitude excitation is
symmetrical to the origin, the array factor for a non-uniform amplitude broadside
array can be expressed as follows [23]:

(2n-1)

(AF)2pmeven = %ivlen Wy, COS [ kd cos 9] 3
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If the total number of elements is odd, N = 2M, 44+ 1, where M, 4 is an integer,
the array factor can be expressed as follows [22]:

(AF)amoaar1 = Xy 2wy cos[(n — 1) kd cos 6] (4)

For generalization purposes, Eqg. (3) and (4) can be rewritten as Eqg. (5) and (6),
respectively,

(AF)2peven(even) = YN wy, cos[(2n — 1)u] (5)

(AF)2pmoaa+1(0dd) = THAM* 1w, cos[2(n — 1)u] (6)
where,

u = n/l—dcos 0 (7)

It is noted that u corresponds to the physical space between the radiators. By
properly selecting w,,, the coefficient can be employed to approximate diverse
desired radiation patterns.

4 Kaiser Function-based Weighting Coefficient

The Kaiser function is specified as the Kaiser-Bessel function [18]. This
particular window function has an extra degree of flexibility, as it is able to vary
the main lobe beam width and the sidelobe ratio [24]. The Kaiser function-based
weighting coefficient is written as follows [7,8]:

n 2
1IOBessel(ﬂ 1_(N_/2) )
IoBessel(ﬁ)

_Meven =n< Meven (8)

W(n) = _Modd +1<n< Modd +1 or

where Iypesser 1S the first type of zero-th order modified Bessel functions, and j
is the Kaiser function parameter obtained from the empirical relationship in Eq.
(9), with A as the targeted SLL [17]:

0.1102(4 — 8.7) A>50
B = {0.5842(A —21)%%4+0.07886(4—21) 21<A<50 (9
0 A<21

The Kaiser function can also approximate a number of other windows by varying
its window shape parameter, a [23]. The Kaiser function parameter used in this
paper is S, where the relationship between g and a is § = ma [7, 8]. The Kaiser
function parameter will direct the trade-off between the main lobe beam width
and the sidelobe ratio [7,25]. A different g value will yield a different set of
coefficients in designing the power-weighted antenna array. Comparatively, the
Blackman function in a planar and linear antenna array has a fairly broad main
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lobe [12,13]. Weighting coefficients based on the Blackman function are
expressed in [7,26]. Moreover, a pattern with high SLL suppression and a narrow
WML can be obtained through the power-weighted method based on the
Chebyshev function [27]. The application of a Chebyshev function as a weighting
coefficient is one of the most popular choices to achieve a narrow beam width
with a specified targeted SLL. In contrast, for a specified beam width, all the
sidelobes of a Chebyshev-based array are of equal height at the lowest level [1].

5 Radiation Pattern of Antenna Array and Its Comparison

Investigation of the power-weighted antenna array based on Kaiser and Blackman
functions with a linear arrangement was conducted by varying N and d [13,14].
In this investigation, the specific patterns were the elevation patterns, or the E-
plane, in co-polarization. The radiation patterns of the power-weighted antenna
array based on the Blackman function with a linear arrangement are reported in
[13]. The radiation patterns of the power-weighted antenna array based on the
Kaiser function with a linear arrangement for even and odd numbers of N element
variations and a constant d of A/1.5 are reported in [14]. The results indicated
that the increase of N notably impacted the WML, causing it to become narrower,
and the increase of d affected a narrower WML. The investigation of some
variable variations in the application of a Chebyshev function are reported in [28].
Similar conditions between Kaiser, Blackman, and Chebyshev functions take
place when there is variation of d with a constant N.

A synthesizing process was conducted throughout the study by configuring the
SLL using the Blackman function and referring the obtained SLL to determine A
and £ with Eqg. (9) in the Kaiser function. The original values of g, which were
obtained from Eq. (9), yielded different values of the obtained SLL. Thus, an
adjustment of  was necessary to achieve a similar targeted SLL. The adjustment
of S was executed by comparing between the Kaiser and the Blackman function,
as plotted in Figure 4, where the optimized £ value was 9.5. Increasing g will give
a broader main lobe and will decrease the amplitude of the sidelobes, increasing
the sidelobe attenuation [7]. The Blackman function had a broader WML when
compared to the Chebyshev function in the antenna array with an N of 8 [13] and
also the one with an N of 80, as plotted in Figure 2. The outcomes show that for
an N of 8, the Blackman function had a half power beam width (HPBW) of 42°,
and the Chebyshev function had an HPBW of 32°. Meanwhile, for an N of 80,
the Blackman function had an HPBW of 4°, and the Chebyshev function had an
HPBW of 3.2°. By using the Kaiser function, a broader main lobe can be
achieved, similar to the Blackman function, which is also more flexible and
adjustable in relation to the targeted SLL, similar to the Chebyshev function. The
results of applying the Kaiser function with an N of 80 and an HPBW of 3.6°, are
depicted in Figure 3.
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Figure 2 Radiation patterns of power-weighted antenna array based on
Chebyshev and Blackman functions, with targeted SLL = 68.8 dB for N=8 and
SLL =58.12 dB for N = 80, (a) N= 8, (b) N=80.

Comparing the specific # values, the radiation pattern of the Kaiser function
is similar to that of the Chebyshev function but with a wider main lobe. Figure
4 shows the radiation pattern comparison of the power-weighted antenna array
based on the Kaiser and Blackman functions with an arrangement N of 8, ad
of A/1.5, a presumed SLL of 68.8 dB, and a /5 of 6.623 [13].
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Figure 3 Radiation patterns of power-weighted antenna array based on Kaiser
and Blackman function, with targeted SLL =58.12 dB, N =80 and = 7.98, (a)
Blackman versus Kaiser function, (b) Chebyshev versus Kaiser function.

Figure 4 plots the comparison of the radiation patterns of a power-weighted
antenna array based on the Kaiser, Blackman, Chebyshev window functions, and
a uniform distribution. Specifically, the comparison of the WML and SLL of the
Kaiser, Blackman, and Chebyshev functions showed similar SLL results. The
WML of the Chebyshev function was narrower compared to the Kaiser and
Blackman functions. Additionally, the comparison with a uniform distribution
was used as the baseline. The comparison of Kaiser function application in a
linear antenna array with a uniform distribution as baseline is shown in Figure 6.
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Figure 4 Radiation patterns of power-weighted antenna array based on
Blackman and Kaiser functions, with N = 8 and SLL = 68.8 dB, (a) S = 6.623, (b)
S optimization, = 9.5.
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Figure 5 Radiation patterns of power-weighted antenna array based on
Blackman, Kaiser, Chebyshev functions and a uniform distribution, with N=8,
SLL=68.8 dB, and = 9.5.

A uniform distribution is also known as a rectangular window and is unity over
the observation interval [7]. The highest SLL by using a uniform distribution was
13 dB, so the $ value for 13 dB targeted SLL according to Eq. (9) was 0. From
Figure 6 (a) and (b), the comparison not only clearly shows the similarity of the
SLL but also the similarity of the WML between the Kaiser function and the
uniform distribution, as well as the improvement of SLL performance when using
higher values of . For # = 0, the SLL suppression was 13 dB, for = 1.5 the SLL
suppression was 17 dB, and for =3 the SLL suppression was 27 dB. This
confirms the ability of the Kaiser function to approximate another window
function by varying its £ value and its flexibility in achieving stronger SLL
suppression.
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Figure 6 Radiation patterns of power-weighted antenna array based on Kaiser
functions and uniform distribution, N= 8, (a) Kaiser =0, (b) Kaiser p= 1.5 & 3.

6 Optimization and Validation of the Kaiser Function
Parameter ()

From the aforementioned discussion, it can be decided that since the f obtained
from Eq. (9) yielded a different SLL value, an adjustment is needed to achieve an
accurate SLL value. Table 1 illustrates the targeted SLLs of 25 dB, 35 dB and 45
dB and the impact of N variation with the same S value.
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Table 1 Original g with N variations in constant targeted SLL.

Targeted SLL (dB)

N 25dB, =1.333 35dB, p=2.783 45dB, p=3.975
Obtained SLL (dB)

5 15.94 23.57 23.08
10 16.07 25.55 33.82
15 15.89 23.02 28.16
25 15.82 22.82 28.98
30 16.10 23.36 31.17
35 15.84 22.77 29.26
40 15.83 23.13 30.79
45 15.78 22.72 29.43
50 15.81 23.00 30.59
55 15.76 22.67 29.49
60 15.78 22.94 30.47
65 15.75 22.65 29.55
70 15.78 22.87 30.38
75 15.75 22.64 29.58
80 15.76 22.82 30.33
85 15.74 22.61 29.64
90 15.79 22.75 30.23
95 15.74 22.61 29.68
100 15.76 22.74 30.18
105 15.74 22.64 29.65
110 15.76 22.75 30.15
115 15.74 22.58 29.74
120 15.77 22.70 30.24
125 15.77 22.58 29.68
130 15.76 22.71 30.17
135 15.73 22.72 29.72
140 15.76 22.70 30.15
145 15.79 22.57 29.75
150 15.73 22.71 30.05
155 15.80 20.64 29.70
160 15.73 22.66 30.12
165 15.81 22.69 29.70
170 15.73 22.63 30.14
175 15.80 22.72 29.75
180 15.76 22.63 30.09
185 15.74 22.66 29.77
190 15.86 22.67 30.12
195 15.72 22.57 29.74
200 15.74 22.82 30.24

The investigation of an appropriate g value for different values of A was run by
focusing on the second range Eq. (9). The accuracy of the g value is very
important to achieve accurate SLL suppression, which will significantly affect
the SLL error percentage. The second-range Eqg. (9) and the adjustment of the j
parameter for an N of 7, 8, 77, 78, 107, 108, 177, 178 were used to calculate the
data in Tables 2 to 5. From this data, the optimum g value was analytically
obtained.
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Table2 B values based on targeted SLL A and its results in a power-weighted
antenna array based on the Kaiser function, N=7 and N=8.

Obtained Revised perror
Targeted SLL(dB) Optimized p Obtained percentage
SLL(dB) B SLL (dB) (%)
N=7 N=8 N=7 N=8 N=7 N=8 N=7 N=8

21 0 1280 1279 230 211 2101 2106 100 100
22 0.66 1358 13.61 250 224 2205 2207 73 70
23 093 1435 1440 272 235 2305 2297 66 60
24 114 1510 1522 298 248 2399 2407 62 54
25 133 1590 16.11 350 259 2499 2503 62 49
26 151 1673 17.03 6.20 269 2605 2606 76 44
27 167 1755 1801 9.20 282 2700 2704 82 41
28 182 1835 1895 1110 293 28.02 2798 84 38
29 197 1919 2001 1220 305 2917 2899 84 35
30 212 20.04 2115 1280 318 30.01 30.03 83 33
31 226 20.76 2224 1340 332 31.00 3106 83 32
32 239 2149 2331 1395 347 3208 3204 83 31
33 252 2214 2441 1435 365 3299 3302 82 31
34 265 2276 2554 1480 390 3412 3410 82 32
35 278 2329 2671 1520 420 3529 3504 82 34
36 291 23779 2781 1543 452 36.02 359 81 36
37 3.03 2414 2883 1572 483 3704 3695 81 37
38 316 2446 2988 1598 515 3805 3826 80 39
39 328 2469 3077 1620 530 3898 3899 80 38
40 34 2490 3166 1642 549 4001 4001 79 38
41 351 2500 3226 16.63 570 4107 4129 79 38
42 363 25.09 3292 1680 582 4204 4215 78 38
43 375 2515 3348 1696 593 4299 4292 78 37
44 386 2524 3392 1720 6.08 4463 4407 78 36
45 398 2522 3436 1728 619 4521 4500 77 36
46 409 2522 3474 1740 630 46.16 4596 77 35
47 42 2524 3504 1750 642 47.01 47.08 76 35
48 431 2528 3534 1760 651 4793 48.05 75 34
49 442 2526 3575 1770 6.62 4891 49.09 75 33
50 453 2528 3599 17.80 6.72 4999 5012 75 33

Table 3 B values based on targeted SLL A and its results in a power-weighted
antenna array based on Kaiser function, N= 77 and N = 78.

Obtained Revi_sed perror
Targeted SLL(dB) Optimized Obtained percentage
SLL(dB) B SLL (dB) (%)
N=77 N=78 N=77 N=78 N=77 N=78 N=77 N=78
21 0 13.28 13.28 2.50 248 21.08 21.10 100 100
22 0.66 1390 1389 2.68 263 2205 22.00 75 75
23 0.93 1451 1451 285 282 2305 23.06 67 67
24 1.14 1514 15.18 3.03 299 24.04 24.05 62 62
25 133 1571 1575 3.20 316 25.01 2517 58 58
26 151 1641 1644  3.40 332 2619 26.07 56 55
27 167 1711 17.10 3.55 348 2711 27.10 53 52
28 182 17.71 17.75 3.72 3.63 28.09 28.04 51 50
29 197 1842 1849  3.89 378 29.08 29.03 49 48
30 212 1911 19.19 4.00 393 29.73  30.02 47 46
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Table 3 Continued. B values based on targeted SLL A and its results in a power-
weighted antenna array based on the Kaiser function, N =77 and N = 78.

. . . perror
Targeted B (S)Eti('gé()j Optimized p RevgeLdL(zé)ée;mec percentage
SLL(dB) (%)
N=77 N=78 N=77 N=78 N=77 N=78 N=77 N=78
31 226 19.83 1993 4.22 410 3110 3112 47 45
32 239 2058 2060 441 425 3210 3211 46 44
33 252 2119 2132 458 438 3310 33.01 45 42
34 265 2189 2205 475 453 3404 34.01 44 41
35 278 2262 2281 495 469 3511 35.06 44 41
36 291 2343 2357 5.14 484 36.10 36.06 43 40
37 3.03 24.04 2430 5.32 498 36.99 37.13 43 39
38 316 2479 25.08 5.55 512 38.14 38.00 43 38
39 328 2550 2584 577 527 39.06 39.04 43 38
40 34 2619 29.38 6.00 545 40.05 40.22 43 38
41 351 26.86 2841 6.24 5.60 41.08 41.22 44 37
42 3.63 2755 41.22 6.53 570 42.08 4191 44 36
43 3.75 28.28 28.86 6.80 5.87 43.03 43.16 45 36
44 386 2890 2954 7.16 6.00 44.09 43.99 46 36
45 398 29.63 30.38 7.55 6.17 45.05 45.16 47 36
46 409 3025 31.05 8.05 6.30 46.08 46.02 49 35
47 42 3090 3180 879 6.39 47.11 46.75 52 34
48 431 3153 3252 10.20 6.59 48.04 48.03 58 35
49 442 3215 3325 11.00 6.73 4824 49.04 60 34
50 453 3279 34.01 1250 6.86 48.34 49.97 64 34

Table 4 B values based on targeted SLL A and its results in a power-weighted
antenna array based on the Kaiser function, N= 107 and N=108.

Obtained R_evised perror
Targeted SLL(dB) Optimized B Obtained SLL percentage
SLL(dB) B (dB) (%)
N =107 N=108 N=107 N=108 N=107 N=108 N=107 N=108
21 0 13.27 13.36 2.50 249 21.00 21.08 100 100
22 0.663 18.56 13.89 2.68 265 2211  22.02 75 75
23 0.929 1451 1451 2.87 2.84  23.09 23.05 68 67
24 1.143 15.15 15.15 3.02 3.00 24.03 24.05 62 62
25 1.333 15.73 15.75 321 318  25.05  25.09 58 58
26 1506 16.39 16.41 3.37 333 26.03 26.09 55 55
27 1.669 17.06 17.08 3.55 349 27.09 27.02 53 52
28 1824 17.76 17.79 3.70 3.65 28.00 28.12 51 50
29 1.973 18.37 18.41 3.88 380 2910 29.10 49 48
30 2117 19.10 19.14 4.04 3.95 30.04 30.08 48 46
31 2.256 19.82 19.89 4.20 412 31.06 31.11 46 45
32 2.392  20.46 20.53 4.38 425  32.08 3201 45 44
33 2525 2150 21.25 452 441 32.97 33.05 44 43
34 2,655 21.90 22.02 471 455 34.05 34.00 44 42
35 2.783 22.57 22.71 4.88 470 3502  35.02 43 41
36 2909 23.33 39.33 5.05 485  36.04 36.01 42 40
37 3.033 38.56 38.25 5.23 499  37.00 37.02 42 39
38 3.155 37.53 37.24 5.43 515  38.07 38.05 42 39
39 3.276 36.51 36.19 5.60 529 39.01 39.14 42 38

40 3.395 35.55 35.19 5.80 5.43 40.10  39.97 41 37
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Table 4 Continued. B values based on targeted SLL A and its results in a power-
weighted antenna array based on the Kaiser function, N = 107 and N= 108.

. . perror
Targeted Obtained SLL(dB)  Optimized B Revgsicli_otgjéamed percentage
stL@e)  # (dB) (%)
N =107 N=108 N=107 N=108 N=107 N=108 N=107 N=108
41 3.514 34.66 34.26 6.00 559  41.00 41.09 41 37
42 3.631 33.62 33.17 6.22 5.72 42.00  42.00 42 37
43 3.746 3271 32.21 6.45 588  43.02  43.08 42 36
44 3.861 31.81 29.41 6.70 6.01  44.05  44.07 42 36
45 3.975 30.74 30.32 6.97 6.16  45.08  45.03 43 35
46 4.089 30.33 30.91 7.25 6.30 46.06  46.07 44 35
47 4201 31.06 31.73 7.60 6.44 4724  47.02 45 35
48 4312 32.02 32.38 7.98 6.58 4852  48.00 46 34
49 4423 3234 33.12 8.47 6.72 49.08  49.07 48 34
50 4534 33.02 33.88 9.10 6.87 50.02  50.05 50 34

Table5 B values based on targeted SLL A and its results in a power-weighted
antenna array based on the Kaiser function, N = 177 and N=178.

. Revised perror
Targeted (S)Ef('gg)j Optimized p Obtained SLL percentage
sLL@g) # (dB) (%)
N=177 N=178 N=177 N=178 N=177 N=178 N=177\=178

21 0 13.28 13.28 2.55 2.50 21.27 21.07 100 100
22 0.663 13.89 13.89 2.69 2.68 22.04 22.06 75 75
23 0.929 14.50 14.50 2.85 2.84 23.04 23.05 67 67
24 1.143 1512 15.12 3.04 3.02 24.07 24.07 62 62
25 1.333 15.79 15.81 3.22 3.19 25.08 25.03 59 58
26 1506 16.46 16.47 3.37 3.35 26.06 26.08 55 55
27 1.669 17.04 17.07 353 3.49 27.05 27.03 53 52
28 1.824 17.66 17.68 371 3.68 28.06 28.10 51 50
29 1973 18.34 18.37 3.86 3.82 29.05 29.03 49 48
30 2117 1910 19.13 4.02 3.96 30.09 30.12 47 47
31 2.256  19.89 19.93 4.20 4.13 31.08 31.04 46 45
32 2392 20.48 20.53 4.34 4.28 32.06 32.04 45 44
33 2525 2111 21.18 450 4.40 33.09 33.00 44 43
34 2.655 21.81 21.89 4.67 458 34.04 34.05 43 42
35 2.783  22.59 22.67 481 4.72 35.02 35.00 42 41
36 2909 23.45 23.54 4.98 4.85 36.03 36.08 42 40
37 3.033 24.02 24.13 5.16 5.02 37.09 37.06 41 40
38 3.155 24.73 24.86 5.29 5.16 38.02 38.03 40 39
39 3.276  25.46 25.61 5.49 5.28 39.06 39.06 40 38
40 3.395 26.28 26.44 5.65 5.45 40.09 40.04 40 38
41 3514 26.95 27.13 5.82 5.59 41.06 41.03 40 37
42 3.631 27.58 27.79 6.00 5.70 29.99 42.03 39 36
43 3.746  28.30 28.54 6.14 5.89 43.04 43.10 39 36
44 3.861 29.05 29.32 6.38 6.02 44.06 44.09 39 36
45 3.975 29.89 30.20 6.53 6.12 20.24 45.07 39 35
46 4.089 30.46 30.80 6.78 6.30 46.08 48.86 40 35
47 4201 31.10 31.49 6.93 6.43 47.09 47.03 39 35
48 4312 3184 32.29 7.20 6.55 47.98 48.02 40 34
49 4.423  32.69 33.21 7.45 6.73 49.09 49.08 41 34
50 4534 33.23 33.78 7.68 6.84 50.01 50.04 41 34
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The target of the optimization process regarding the value of g was to obtain the
smallest possible difference, even close to zero, between the # value based on Eq.
(9) and the optimized S value based on adjustment. This was done by considering
the constant components of the second-range Eq. (9) as variables. The algorithm
used in this optimization was the nonlinear Generalized Reduced Gradient (GRG)
method, which is one of the most popular methods to solve nonlinear
optimization problems [29]. The applications of the nonlinear GRG in the field
of electronics and informatics are very diverse, one of which has been
demonstrated for the case of very-large-scale robotic (VLSR) path planning in
obstacle-populated environments, where the robots are subject to external forces
and disturbances [30]. The main idea of this method is to solve nonlinear
problems dealing with active inequalities. The result of the optimization process,
the optimum $ value in its second range, was formulated as follows:

B = 1.6077(A—21)%* +0.0212(A—21) 21 <A <50 (10)

The optimized equation for f needed to be validated. This is important for
checking the consistency of the optimized f values at 21 dB <A <50 dB for 5 <
N <200. In the validation process, the optimized formula for f, Eq. (10), was
used with different values. Examinations were performed for a number of odd Ns
in the range of 5 to 99, and even Ns in the range of 6 to 100. The examination
results of the optimized g value in Eq. (10), are shown in Figure 7. These results
revealed that the optimized $ value based on an analytical approach could provide
a smaller SLL error percentage for an A of 25 dB. Further examination was done
by using the optimized p value to achieve an SLL of 35 dB and 45 dB with even
and odd N elements. The results, as depicted in Figure 7, show that the optimized
equation for £ gave more accurate S values and achieved the targeted SLL with a
smaller error percentage; it also had consistency for 5 <N < 200.

Figure 7(a) shows a graph of the obtained SLLs generated from the 3 values for
a targeted SLL value of 25 dB, the p value of 1.33 was calculated using the
original Eq. (9), and the B value of 2.88 was calculated using the optimized Eq.
(10). The two obtained SLLs using these values for 5 <N < 200 were compared;
the average error percentage was 6%. Figure 7(b) shows a graph of the obtained
SLLs generated from the B values for a targeted SLL of 35 dB. The B value of
2.78 was calculated using Eq. (9) and the B value of 4.92 was calculated using
Eqg. (10); the average error percentage was 4.31%. Figure 7(c) shows a graph of
the obtained SLL generated from the B values for a targeted SLL of 45 dB. The
B value of 3.98 was calculated using Eq. (9), and the B value of 6.24 was
calculated using Eqg. (10); the average error percentage was 6.10%.

Comparisons for the targeted and obtained SLLs in Figure 8 for an A of 25 dB,
35 dB, and 45 dB were based on the original $ value in Eq. (9) and the optimized
S value in Eq. (10), respectively. It shows that the results of the obtained SLLs
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based on the optimized g value satisfied the targeted SLL and were better than
the ones derived from the original  value.
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Figure 7 SLL error percentage of the obtained and targeted SLL, using original
and optimized [ values based on the Kaiser function for 5 <N <200, (a) Targeted
SLL: 25 dB, (b) targeted SLL: 35 dB, (c) targeted SLL: 45 dB.
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Figure 8 Comparison of the obtained SLL with N variations in 25 dB, 35 dB, and
45 dB and the targeted SLL with g values from the original and the optimized
equation of g.

7 Conclusion

The potentiality of applying a Kaiser function in power-weighted antenna arrays
was investigated. For specific arrangements and requirements, using a Kaiser
function is a promising method for power-weighted linear antenna array designs.
It was shown that the WML of the Kaiser function was broader compared to that
of the Chebyshev function. In relation to the targeted SLL, the Kaiser function
also demonstrated similar flexibility as the Chebyshev function. The investigation
of 8 showed the necessity of  optimization. It was proven that the optimized g
value provide a low SLL error percentage for 5 < N < 200. Further research is
necessary to validate the optimized £ values in simulation and measurement.
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