
 

 

 
Abstract—The antenna arrays for the entire 3D spherical 

coverage have been developed for their potential use in variety of 
applications such as radars and body-worn devices of the body area 
networks. In this study, we have rigorously revamped the hybrid 
antenna array using the optimum geometry of bowtie elements for 
achieving a significant improvement in the angular discrimination 
capability as well as in separating two adjacent targets. In this 
scenario, we have analogously investigated the effectiveness of 
increasing the virtual array length in fostering and enhancing the 
directivity and angular resolution in the 10 GHz frequency. The 
simulation results have extensively verified that the proposed antenna 
array represents a drastic enhancement in terms of size, directivity, 
side lobe level (SLL) and, especially resolution compared with the 
other available geometries. We have also verified that the maximum 
directivities of the proposed hybrid antenna array represent the 
robustness to the all 𝜃 variations, which is accompanied by the 
uniform 3D scanning characteristic.  
 

Keywords—Bowtie antenna, hybrid antenna array, array signal 
processing, body area networks.  

I. INTRODUCTION 

HE main practical challenges of modern communication 
systems consist of the presence of obstacles of the long 

distance and interference signals of the traffic environments. 
An alternative way to overcome the aforementioned 
limitations involves steering the narrowest main radiation 
pattern in the direction of interest as well as directing nulls in 
the direction of not interest. In this scenario, the mainbeam 
characteristics and also the beam scanning capabilities of the 
antenna array are very much affected by the antenna array 
geometry. Among the various available 2D geometries of 
antenna arrays, the circular array establishes the superiority of 
providing continuous radiation pattern. Although the circular 
array does not have any edges or discontinuities, its 
performance still suffers from the high SLL and no nulls in the 
azimuthal plane. Concentric circular and concentric hexagonal 
arrays can significantly moderate the SLL; however they do 
not have any uniform directivity in the 3D space, [1]-[20]. In 
order to take full advantage of both cylindrical and concentric 
cylindrical arrays simultaneously, we have proposed a hybrid 
antenna array geometry in Fig. 1. 

In practical scenario, especially in the traffic environments, 
high gain antenna systems are required to overcome higher 
propagation losses. However, a remarkable achievement to the 
accuracy and resolution in terms of both the range and the 
cross-angular direction limits the performance in a well-
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designed radar system. Indeed, the range resolution, or the low 
value of ∆𝑅 in (1), refers to the capability of each radar system 
to discriminate between two or more targets in the same 
bearing, however in the different ranges.  

 

∆𝑅             (1) 

 
where c is the free-space velocity. 𝐵 refers to the chirp 
bandwidth of the transmitted pulse.  

An alternative way of fostering and enhancing the range 
accuracy and resolution consists of increasing the number of 
antenna elements. More antenna elements enable advanced 
signal processing techniques to represent the narrower 
mainbeam, and thereby to minimize clutters.  

In this study, we have revamped the hybrid antenna array 
using the optimum geometry of the bowtie elements for 
achieving the high antenna gain and super-resolution. In 
addition, the radiation pattern of the bowtie antenna offers the 
high gain and directivity compared to its dipole counterpart.  

 

 

Fig. 1 The geometry of the hybrid antenna array comprises of 
cylindrical subarrays. Each cylindrical subarray is composed of two 

concentric circular subarrays positioned upon each other [2]. The 
implementation of the hybrid antenna array geometry will be fulfilled 

by the optimum bowtie array elements 

II. DESIGN CONSIDERATION OF THE BOWTIE ANTENNA FOR THE 

HYBRID ANTENNA ARRAY 

Each bowtie antenna is built of the two infinitesimal and 
conductive thin triangular segments, which are fed at the bow 
apex, Fig. 1. The potential use of the bowtie antenna in a 
variety of applications, [21]-[30], such as wireless 
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communications systems, radar systems, optical sensing, 
energy harvesting, and etc. is impelled by its unique features 
and advantages including near-field intensity enhancement, 
broad frequency bandwidth, and simple planar structure.  

 
TABLE I 

DESIGN PARAMETERS FOR THE PROPOSED HYBRID ANTENNA ARRAY 
Parameters Definition Value 

N Number of elements of any circular loop N = 20 

Q Number of elements of any cylinder Q = 40 

M Total number of cylinders in the proposed 
array 

M = 3 

P Number of circular loops in the cylinder P = 2 

dv Vertical spacing between two consecutive 
circular loops 

dv = 0.5λ 

dr Horizontal spacing between two 
consecutive circular loops 

dr = 0.5λ 

φ, θ Maximum scanning angles φ 0°, θ
30°

 

 

 (a) 
 

 

 (b) 

Fig. 2 The numerical results have been extensively fulfilled by the 
CST Studio simulation tool; (a) Top view of the optimum bowtie 

antenna with the thickness of 0.508 mm, (b) The electric filed 
distribution on the surface of the optimum bowtie antenna at the 10 

GHz frequency of the operation 
 

Fig. 2 has reported that a high-intensity enhancement of the 
electric field is produced inside the feed gap of the bowtie 
antenna. The uniform broadband electric field has been 
significantly distributed over the entire bandgap. In other 
words, the bowtie antenna represents the maximum and 
uniform field distribution around its resonance frequency.  

The 3D realized gain in Fig. 3 has demonstrated the low 
profile and directional ultra-wide band (UWB) radiation 
characteristics of the bowtie antenna, consistent with Fig. 2.  

 

 

(a) 
 

 

(b) 

Fig. 3 (a) the radiation electric field of the optimum bowtie antenna, 
consistent with Fig. 2, fulfilled by CST Studio simulation tool at the 

frequency of operation of 10 GHz, (b) variation of 𝑆  parameter 
versus frequency, which represents the frequency of operation of 10 

GHz 
 

 

Fig. 4 Variation of resonance frequency of the bowtie element versus 
the flare angle for the two different arm lengths of L = 4.5 (mm) and 
L = 6 (mm). The other geometrical parameters of the bowtie element 
include the material type of Rogers RO4003C (lossy), 𝜀  = 3.38, and 

𝜇  = 1. The substrate thickness is equal to 0.508 (mm) 
 

It is worth mentioning that the resonance behavior of the 
bowtie antenna can be drastically adjusted by the geometrical 
parameters. In this scenario, the geometric shape of the bowtie 
antenna is indeed modified to enlarge by increasing its flare 
angle. The bowtie antenna with the longer arm length or the 
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higher flare angle allows flowing the current through the 
longer path to the gap and thereby the effective size of the 
antenna is increased. Any increase in the effective size of the 
antenna indeed is accompanied by the longer resonance 
wavelength and thereby the lower resonance frequency. Both 
Figs. 4 and 5 have analogously confirmed that the longer arm 
lengths or the greater flare angles are accompanied by the 
lower resonance frequencies.  

 

 

Fig. 5 Variation of resonance frequency of the bowtie element versus 
the arm lengths for the two different fixed flare angles of 𝛼 

 30°and 𝛼  60°. The other geometrical parameters of the bowtie 
element are described in Fig. 4 

III. ARRAY PATTERN SYNTHESIS OF THE HYBRID ANTENNA 

ARRAY 

The discussion in the previous section focused on analyzing 
one array element of the bowtie antenna. In this section, we 
aim at implementing the proposed elements for the hybrid 
antenna array in Fig. 1. 

Generally, the array pattern synthesis techniques are 
characterized by the two distinct scenarios; (1) the design of 
antenna array geometry for steering beampattern in an 
arbitrary direction in the space, (2) the implementation of 
beamforming techniques [1]-[13], for steering beampattern in 
the direction of interest in the space. In this section, the array 
signal processing technique has been focused on fostering and 
enhancing the performance of the hybrid antenna array using 
the bowtie antenna elements in response to increase necessity 
of the high resolution in the application of radars and wireless 
communications systems. The antenna array factor of the 
hybrid antenna array, consistent with Fig. 1, can be expanded 
by [2]: 

 
𝐴𝐹 

 ∑ 𝐼 𝑒  

∑ ∑ ∑ 𝐼      𝑒 𝑒   
(2) 

 
where the first term of AF refers to the array factor of the most 
outward circular ring located at the x-y plane. 𝐼  and 𝐼  are 
magnitudes of excitations, which are supposed to be uniform. 

𝜑 and 𝛽  refer to the phase excitations.  
In the scenario of deploying the hybrid antenna array with 

the bowtie elements, array parameters, including phase 
distribution, amplitude distribution, and spatial locations of 
array elements, are precisely simulated and assigned using the 
MATLAB simulation tool. Then, the text template of the array 
parameters is imported into the CST Studio simulation tool for 
analyzing the proposed geometry of the hybrid antenna array. 

Fig. 6 represents the simulation results of implementing the 
bowtie antenna elements for the proposed geometry of the 
hybrid antenna array in Fig. 1 at the frequency of operation of 
10 GHz. The realized gain in Fig. 6 has fully verified the 
superior performance of the hybrid antenna array in terms of 
steering and enhancing the mainbeam as well as fostering the 
resolution capability drastically. In other words, the innovation 
of implementing the hybrid antenna array using the bowtie 
elements provides the unique and exceptional characteristic of 
the high-directional realized gain of 56.3 dB compared with 
other available array geometries [1]-[18].  

 

 

Fig. 6 Radiation electric field of deploying the hybrid antenna array 
using the optimum bowtie antenna elements at the frequency of 

operation of 10 GHz. The design parameters are represented in Figs. 
2 and 3 and the number of the bowtie elements are supposed to be 14 

IV. SUPER-RESOLUTION CAPABILITY OF THE HYBRID 

ANTENNA ARRAY 

In the previous section, we have represented and evaluated 
the performance of the hybrid antenna array using the bowtie 
array elements in terms of directivity and resolution. In this 
section, we aim at investigating the effect of dense antenna 
array on steering mainlobe and thereby enhancing resolution. 
A densely spaced hybrid antenna array indeed allows 
achieving a significant increase in the virtual antenna array 
size and thereby a drastic improvement in the angular 
discrimination capability. In this scenario, the far field results 
have been obtained assuming the actual array length in the 
order of a few wavelengths or smaller. In this scenario, the 
densely spaced hybrid antenna array is employed to 
extrapolate the far field beyond the array extension for 
fostering and enhancing the angular resolution.  
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Fig. 7 Variation of directivity in the frequency of operation of 10 GHz for the proposed geometry of the hybrid antenna array in Fig. 1 and 
Table I, (a) N = 10, M = 3, 𝜃  45°, mainlobe magnitude = 18.5 dBi, 3 dB beamwidth = 11.7 deg., and SLL = -6.3 dB, (b) N = 10, M = 3, 

𝜑  45°, mainlobe magnitude = 18.5 dBi, 3 dB beamwidth = 9.9 deg., and SLL = -5.1 dB, (c) N = 20, M = 3, 𝜃  45°, mainlobe magnitude 
= 20.5 dBi, 3 dB beamwidth = 11.7 deg., and SLL = -11.5 dB, (d) N = 20, M = 3, 𝜑  45°, mainlobe magnitude = 20.5 dBi, 3 dB beamwidth 

= 9.9 deg., and SLL = -5.1 dB 
 

Analogously, Fig. 7 reported that the hybrid antenna array 
with the 140 bowtie elements has demonstrated better 
performance in terms of steering and enhancing the mainlobe 
in comparison with the hybrid antenna array with the 70 
bowtie elements and with the same dimensions.  

V. 3D SCANNING CAPABILITY OF THE HYBRID ANTENNA 

ARRAY 

The vital part of body-worn devices consists of employing 
an appropriate antenna [31], [32]. Since the antenna of each 
body-worn device should be located on the human body, the 
resonance frequency shifts and hence the antenna efficiency 
and gain drop. Consequently, the antenna radiation pattern 
will be distorted, especially in the presence of an undesired 
radiation towards the body. 

The proposed hybrid antenna array of Fig. 1 can have a 
potential application for the body-worn devices and radars not 
only for its aforementioned advantages, in the previous 
sections, but also for its 3D scanning capability. In this 
section, we aim to validate and evaluate the 3D scanning 
characteristic of the proposed hybrid antenna array. The 
maximum directivities of the hybrid antenna array are 

supposed to be equal for the whole variations of 𝜃 angles for 
the scenario of the uniform 3D scanning.  

The maximum array factor can be obtained when the entire 
phase contribution to the array factor is identical to equal 
unity. Therefore, by satisfying the aforementioned condition in 
(2), the maximum array factor, in principle, is theoretically 
achieved when d   0.5λ, d   0.5λ, and θ , φ   
45°, 45° . In this scenario, the maximum directivity in 
terms of the maximum array factor can be derived as follows,  

  

D   4π
| , |

| , |  
                   (3) 

 
Simulation results of Fig. 8 have extensively verified that 

that the maximum directivity of the hybrid antenna array is 
fairly robust to changes and variations in different θ angles, 
which refers to its uniform 3D scanning capability.  
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Fig. 8 The variation of maximum directivity versus θ angles at the 
same frequency of 10 GHz 

VI. CONCLUSION 

To conclude, in this study, we have rigorously implemented 
the hybrid antenna array using the bowtie elements for the 
radar applications. The proposed hybrid antenna array allows 
fostering and enhancing the directivity as well as reducing the 
spatial angle of the mainbeam, which are accompanied by 
improving the resolution capability of the radars significantly. 
In the following, we have represented that the spatial angle of 
the mainbeam and the antenna gain are very affected by the 
number of the array elements. In other words, any increase in 
the virtual length of the antenna array causes a significant 
enhancement in the hybrid antenna array performance in terms 
of its resolution capability.Furthermore, we have fully 
evaluated and validated the excellent 3D scanning 
performance of the proposed hybrid antenna array using 
MATLAB and CST Studio simulation tools. 

This research has provided the reader a beneficial analysis 
to the hybrid antenna array and an insight into the future 
adaptive antenna arrays. Field programmable Gate Array 
(FPGA) hardware (HW) has been steadily increasing in the 
technical literature [33]-[37] for deploying the geometries of 
linear, circular, and cylindrical antenna arrays. The 
aforementioned technical literature [33]-[37] also ensures the 
possibilities for implementing the hybrid antenna array in 
realistic experimental setups, however, this work had a major 
contribution for synthesizing and analyzing radiation pattern. 
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