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Abstract --- The requirement to serve more users and 

provide more data at more incredible data speeds drives 

demand for wireless wideband communications. The 

Ultra-Wide Band (UWB) technology uses nanosecond-

long pulses to span an extensive frequency range. The high 

bandwidth, low power consumption, and less fading due to 

multipath are attained in UWB communication 

technologies. This paper explains a hexagonal monopole 

antenna design using a high-frequency structure simulator 

(HFSS) and is further optimized for c better bandwidth. A 

hexagonal monopole antenna is designed using an FR-4 

epoxy metamaterial substrate. The optimum hexagonal 

bandwidth is attained at a span of 6.13 to 7.34 GHz 

frequency, and the polar gain is 1.2 dB. This paper 

provides the UWB antenna design; an optimized 

bandwidth is achieved as expected, the applications of 

smart marketing and a discussion of all relevant literature 

are carried out. 

 

 

Index Terms; High-Performance Antenna; Hexagonal 

Antenna; Monopole Antenna; HFSS; UWB 

 

I. INTRODUCTION 

 

The designated UWB range of frequencies is from 3.1 GHz 

to 10.6 GHz [1]. Design considerations for this new 

communications standard received a lot of attention 

afterward. UWB systems need low-cost antennas with 

omnidirectional radiation patterns, large bandwidth, and 

non-dispersive behavior. [2]. Because of these limits, 

UWB antenna design is more complicated. An antenna is 

an essential component of wireless communication [3]. 

Recent antenna designs have all been built with physical 

features of the output in mind. The Antenna is vital due to 

the current communication system needs in portable 

devices [4]. Many scientists are still working on the best 

ways to minimize the size and weight of multi-band 

antennas while maintaining acceptable performance [5], 

[6], [7].  

 

 

 

 

 

 

 

 

 

Because of its lightweight, compact size, ease of 

manufacturing, and low cost of implementation, an 

integrated antenna is among the ones that are being favored 

for a variety of practical applications. They are essential 

for different microwave applications, as well as in wireless 

communication. One side of a dielectric substrate can be 

used to create basic microstrip antennas [8], [9], [10].  

A plane runs parallel to the ground on the other side of the 

substrate [11]. The patch is usually composed of a 

conductive material such as copper or gold and comes in 

various forms, including rectangular, round, triangular, 

elliptical, and other configurations [12]. Rectangular and 

circular patch antennas are the most often utilized 

microstrip patches in practical applications [13]. Integrated 

antennas are commonly used in wireless communication 

due to their compact size, low cost, conformability, and 

convenience of integration with communication devices 

[14]. The printed wide-slot Antenna's impedance 

bandwidth is regulated by connecting the tuning stub and 

the slot. A technique that causes many resonances are used; 

the frequency widens if the tuning stub is set closer to the 

ground [15]. Their forms have been described as fork-like, 

circular, elliptical rectangles, and inverted cones. [16]. 

Fractal technology's self-similarity is utilized in this 

project. [17] To create a multi-frequency antenna 

architecture that meets the FCC standard mask [18]. 

 

II. BACKGROUND 

 

Many technologies exist to improve the flow of radio 

communications. The UWB systems can be found in 

several wireless solutions. [19]. UWB's features are 

examined via the time domain or frequency domain. Both 

domains utilize comprehensive radiation information. 

Usually, differentiation, dispersion, radiation, and losses 

are the impulse given to the UWB antenna [20]. UWB 

antenna analysis includes measurement of the peak, 

breadth, and rings and gain, frequency domain gain, group 

delay, and mean group delay [21]. In advanced 

communication technologies like wireless sensor 

networks, UWB plays a key role with minimum cost and 

complexity [22].  The authors Amrollah Amini, 

HomayoonOraizi, and Mohammad Amin Chaychizadeh, 

suggested a log-periodic square fractal geometry to 

construct a UWB [23] miniaturized patch antenna (3.1-

10.6 GHz). A 23% downsizing factor is obtained with a 

consistent and steady gain in the required band [24]. The 

radiation pattern is wide, finding excellent uses in UWB 

radars and medical imaging. Furthermore, the suggested 

Antenna's time-domain performance is examined. 
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Researchers Amjad Omar, Raed Shubair, explored a UWB 

coplanar waveguide-fed-coplanar strips square-spiral 

Antenna operating in a 4-10 GHz frequency band [25]. 

This antenna design is simple and achieves a 50% size 

reduction over other available UWB spiral antennas. A 

matching resistor is used to generate more significant than 

10 dB of over-the-operational frequency return. The 

Antenna delivers 6.6-7 GHz circular polarization range-

boresight. Once the design is complete, optimizing the 

frequency range will be possible. [26]. Discussed were the 

design consideration, characteristics, and different types of 

UWB antenna and their application, and performance. 

Based on literature survey difficulties in UWB technology, 

intensive study was required. Different antenna structures 

were created for UWB applications, resulting in antenna 

design as an attractive study topic [27], [28]. 

 

III. UWB FOR SHOPPING 

Retailers and customers alike benefit from UWB's 

improved shopping experiences and closer relationships. 

Everyone saves time with automatic and instant payments. 

Unlocking safe mobile transactions with UWB and saving 

time at the register. Simply walk up to the cashier, confirm 

the purchase, and leave [29]. The smartphone also acts as 

a key to an unmanned store, with UWB verifying the 

identity and allowing purchases [30]. Toll plazas, petrol 

stations, and parking garages can accept UWB as a 

payment card. Analytics that indicate how many 

consumers visit a business, how long they stay in a specific 

location, or detect shopping trends help retailers better 

understand what works and what doesn't work [31]. When 

customers go past a display or a kiosk, they can view 

personalized advertising based on data from their mobile 

devices. An indoor guide to conference rooms and other 

meeting venues can help visitors locate their planned 

sessions during conferences, tradeshows, exhibits, and 

other large-scale events [32]. Foot traffic in a closed 

environment can be estimated [33]. UWB also pushes the 

trend of drone-controlled deliveries to desired place [34]. 

 

IV. METHODS 

The top and bottom open-circuit walls and the patches 

mimic a resonant cavity. Only specified modes of 

resonance frequencies may occur in a cavity. When the 

Antenna resonates, it produces a strong field in the cavity 

and a strong current on the surface of the patch. It produces 

a lot of antenna radiation. [35]. Thin substrate 

approximation can be written as, 

 

𝐸𝑡 = 0  𝑎𝑛𝑑 𝐸 = 𝑧𝐸𝑧 

 

Since the substrate is so thin, the electric field vector is 

nearly isotropic, and therefore represented as: 

 

𝐸(𝑥, 𝑦, 𝑧, ) ≈ 𝑧𝐸𝑧  (𝑥, 𝑦)    Eq (1) 

 

The patch cavity of the magnetic field is given by  

𝐻 =  − 
1

𝑗𝜔𝜇
 ∇ X E 

=  − 
1

𝑗𝜔𝜇
 ∇ 𝑋 (𝑧𝐸𝑧  (𝑥, 𝑦)) 

=  − 
1

𝑗𝜔𝜇
 (−𝑧 𝑋 ∇𝐸𝑧(𝑥, 𝑦)) 

𝐻(𝑥, 𝑦) =  
1

𝑗𝜔𝜇
 (𝑧 𝑋 ∇ 𝐸𝑧(𝑥, 𝑦))               Eq. (2) 

 

Figures show the proposed Antenna's geometry with its 

parameters. An antenna substrate of 1.6mm thickness and 

4.4 relative permittivities is easy to work with, resulting in 

a cheap and fast antenna. Microstrip antennas require three 

design criteria: 

 

A. The Antenna's resonance frequency (fr) must be 

chosen correctly. An antenna built for a UWB 

communication system should work between 3.1 to 

10.6 GHz. The resonance frequency for design is 7.34 

GHz. 

 

B. The dielectric constant of 4.4 for FR4 epoxy. The 

Antenna is of smaller size because of a high dielectric 

constant substrate. 

 

C. Microstrip Patch antenna size (diameter) For wireless 

applications, the Antenna should not be bulky. The 

dielectric substrate is adjusted at 1.6 mm. The critical 

design parameters include: 

𝑓0 = 7.34 𝐺𝐻𝑧  
𝜀𝑟 =  4.4 

ℎ =  1.6 

 

The equation (3) produces the effective dielectric constant 

𝜖𝑒𝑓𝑓 =  
𝜀𝑟+1 

2
 (1 + 0.3 ∗ ℎ)  

 

 

 

 

The equation (4) for calculating the Microstrip antenna's 

length is given as 

𝐿𝑠 =  
0.4 ∗ 𝑐

𝑓𝑟 ∗ √𝜀𝑒𝑓𝑓

 

 

Calculation of ground plane width (Wg): ground plane 

width may be determined using equation (5) 

 

𝑊𝑔 =  
1.3 ∗ 𝑐

𝑓𝑟 ∗ √𝜀𝑒𝑓𝑓

 

 

Calculation of ground-level (Lg): The ground plane length 

is found via equation (6) 

 

𝐿𝑔 =  
0.3 ∗ 𝑐

𝑓𝑟 ∗ √𝜀𝑒𝑓𝑓

 

 

Resonant frequency calculation (fr): resonant frequency 

(fr) equation (7), 
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𝑓𝑟  3 +  
2

√𝜀𝑒𝑓𝑓

 [ 
21

𝐿𝑠
+ 

65

𝑊𝑔
+

18

𝐿𝑔
− 3 ] 

 

The dimensions of the strip monopole antenna are a=10 

mm for hexagonal and  

Lg=20mm, Wg=45mm, H=9mm, D=3mm, A=1,6mm, and 

finally the ℇr=4,44. 

 

V. DESIGN 

Figures show the suggested Antenna's shape as well as its 

parameter. The antenna design calls for a conventional FR-

4 epoxy substrate with a thickness of 1.6 mm and 4.4 of 

primitivity, making it economical and uncomplicated to 

construct. The following are the three most important 

factors to consider while designing microstrip antennas: 

Frequency of resonance (fr): The Antenna's resonance 

frequency should be chosen carefully. The frequency range 

of UWB communication systems is 3.1GHz to 10.6GHz. 

Thus, the Antenna must be capable of operating in this 

range. The 5.5 GHz resonant frequency was chosen for the 

design. The substrate's dielectric constant (€r) is: FR4 

epoxy, consisting of a 4.4 dielectric constant, was chosen 

as the dielectric material for our design. Because it 

minimizes the Antenna's size, a substrate with a high 

dielectric constant was used. 

 

 

 
Figure 1: Geometry of Hexagonal Antenna 

 

 
(a) Hexagonal Antenna Design    

 

 
Figure 2: (b) Hexagonal Antenna with FR4- Epoxy 

Substrate 

 

The drawing depicts the geometry of the proposed 

Coplanar Waveguide (CPW) fed dual-band hexagonal 

monopole antenna. The Antenna's dielectric constant was 

4.4, and its thickness was 1.6 mm; hexagonal antenna 

prototypes are created, built, and tested. HFSS was used to 

simulate the proposed Antenna. 
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(a) Wave Port Antenna Connector 

 

 
Figure 3: (b) Rectangular base in the ground of the 

Antenna 

 

VI. Optimization 

HFSS was used to investigate the performance of 

hexagonal shape antennas. Figures 6, 7, and 8 depict the 

simulated return loss, Voltage Standing Wave Ratio 

(VSWR), and the measured return loss; VSWR and Figure 

8 depict the strip monopoly antenna radiation pattern from 

1.34 GHz to 5.65 GHz. 

 

 
Figure 4: Loss Curve for Hexagonal Antenna using HFSS 

Before optimization 

 

Dual-band, 2.917-6.66, 6.69-7.70 

 

 
Figure 5: VSWR Curve for Hexagonal Monopole 

Antenna using HFSS 

 
Figure 6: Loss Curve Hexagonal Monopole Antenna after 

Optimization using HFSS 

 

Position of ground: 2.5, -12, 0, X size: 10, Bandwidth: 

6.13-7.34 

 

 
Figure 7: Radiation Pattern Measured from 6.13 to 7.34 

GHz using HFSS 

 

 

 

 
Figure 8: Radiation Pattern for 7.34 GHz using HFSS 

VII. CONCLUSION 



International Journal of Research in Advent Technology, Vol.9, No.8, August 2021 

E-ISSN: 2321-9637 

Available online at www.ijrat.org 

 

9 

 doi: 10.32622/ijrat.98202107 

 

The design and research are primarily helpful for operating 

an Antenna at a specified frequency band. The hexagonal 

Antenna was designed and simulated with Ansoft HFSS, 

and the practical results were obtained by evaluating the 

constructed antennas with a vector network analyzer. The 

hexagonal strip monopoly has a frequency of resonance of 

7.34 GHz, and UWB impedance bandwidth (–12 dB) 

ranges from 6.13 to 9.93 GHz. The observed simulation 

findings, where it is observed at 6.13 GHz to 7.34 GHz as 

erroneous results. Simulated results are seen while actual 

results are observed in increments of dual-band 2.917-6.66 

GHz, 6.69-7.70 GHz. The hexagonal range of frequency is 

7.34 GHz. The suggested antennas provide positive gain 

and efficiency with almost Omni-directional radiation 

characteristics appropriate for next-generation UWB 

applications. UWB is expected to be revolutionized the 

shopping experience. In the wake of the global pandemic 

of covid-19, social distancing is imperative to protect from 

the spread of the virus. Automatic checkout systems 

developed with the integration of UWB are the best 

solutions. The paper's future scope is to conduct a 

comparative analysis between other frequency ranges to 

estimate the frequency and gain for the Hexagonal 

Monopole antenna.    
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