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Abstract: The study and 

exploration of massive 

multiple-input multiple-

output (MMIMO) and 

millimeter-wave wireless 

access technology has been 

spurred by a shortage of 

bandwidth in the wireless 

communication sector. 

Massive MIMO, which 

combines antennas at the 

transmitter and receiver, is a 

key enabler technology for 

next-generation networks to 

enable exceptional spectrum 

and energy efficiency with 

simple processing 

techniques. For massive 

MIMOs, the lower band 

microwave or millimeter-

wave band and the antenna 

are impeccably combined 

with RF transceivers. As a 

result, the 5G wireless 

communication antenna 

differs from traditional 

antennas in many ways. A new concept of the MIMO tri-band hexagonal antenna array is being 

introduced for next- generation cellular networks. With a total scaling dimension of 150 × 75 mm2, 

the structure consists of multiple hexagonal fractal antenna components at different corners of the 

patch. The radiating patch resonates at 2.55–2.75, 3.45–3.7, and 5.65–6.05 GHz (FR1 band) for better 

return loss (S11) of more than 15 dB in all three operating bands. The coplanar waveguide (CPW) 

feeding technique and defective ground structure in the ground plane have been employed for effective 

impedance matching. The deviation of the main lobe of the radiation pattern is achieved using a two-

element microstrip Taylor antenna array with series feeding, which also boosts the antenna array’s 

bandwidth and minimizes sidelobe. The proposed antenna is designed, simulated, and tested in far-

field radiating conditions and generates tri-band S-parameters with sufficient separation and high-

quality double- polarized radiation. The fabrication and testing of MIMO antennas were completed, 

where the measurement results matched the simulation results. In addition, the 5G smartphone 

antenna system requires a new, lightweight phased microwave antenna (µ-wave) with wide 

bandwidth and a fire extender. Because of its decent performance and compact architectures, the 

proposed smartphone antenna array architecture is a better entrant for upcoming 5G cellular 

implementations. 

 
Keywords: 5G; multiband antenna system; antenna array; future handsets; smartphone antenna; 

defective ground surface 

 

 
1. Introduction 

The mobile wireless networking sector has advanced at a frenetic pace in recent 

times. The popularity of second-generation (2G) wireless cellular communication has 

prompted the introduction of broadband third-generation (3G) mobile phones as well as 

other wireless applications, such as wireless local area networks, Bluetooth, home radio 
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frequency (RF), and local multipoint distributed networks (LMDNs). The antenna is a 

critical component in any wireless transmission and reception system. Antennas with 

multifunctional, low-power, and multiband wireless applications are highly preferred for 

safety and mobility. All of these demands necessitate the creation of highly effective, small- 

sized, and low-profile antennas that can be integrated into wireless devices. It is anticipated 

that the commercial deployment of 5G will be approximately in the early 2020s [1–3]. 

One major difference in enabling technology for 4G and 5G communication is using 

millimeter wave (mmWave) frequencies, aiming for wider bandwidth and better spectral ef- 

ficiency [4]. However, moving away from the current mobile service frequencies (<4 GHz), up 

closer to the mm-wave bands, introduces new features that require cautious consid- 

eration [5–7]. For wireless applications, Kaushik Mandal and Partha Pritam Sarkar [8] 

developed a wideband high-gain antenna in the shape of a U, with modified ground 

structures. To achieve multiband performance, a U slot patch antenna with an L feed probe 

was used [9]. Wei Xing Liu et al. [10] developed a small open-slot antenna that improves 

bandwidth while preserving ultra-wideband performance. One strategy for increasing 

bandwidth and antenna downsizing is to use fractal shapes. Fractal self-similarity and 

space-filling features are important for obtaining wide bandwidth [11,12]. 

The self-similarity attribute can be thought of as a division of a whole shape into 

subparts, each of which is a reduced replica of the whole. Antennas exhibit multiband and 

broadband behavior as a result of this. Because they have a long electrical length but 

aggregate into a compact physical volume and use space effectively, they have a space-filling 

property that causes them to shrink in size. The discontinuities caused by the fractal’s 

complicated and ragged shape boost the antenna’s bandwidth and effective radiation. 

Mohammad T. Islam et al. [13] proposed a circular-hexagonal fractal antenna for super 

wideband applications. 

W.J. Lui et al. [14] presented a frequency-notched ultra-wideband (UWB) fractal-printed 

slot antenna with a Koch curve slot. A fractal microstrip antenna for current telecommu- 

nication systems was presented by A. Azari et al. [15]. Naresh K. Darimireddy et al. [16] 

used the ROGERS RT DUROID 5870 as a substrate to develop a miniaturized hexagonal- 

triangular fractal antenna for wideband applications.    Ground structure is defined as 

a deficient ground structure with a rectangular open slot in the center. The patch is made 

out of hexagonal rings and triangular pieces that form a fractal pattern with the antenna. A 

partial ground plane reduces return loss when compared to a full ground plane. 

M. Koohestani et al. [17] presented an ultra-wideband printed monopole antenna with a 

partial ground plane for UWB communication systems. Wideband features can also be 

obtained by changing patch and slot geometries, employing stacked patches, and using 

varied feed architectures. The first work by Mandelbrot et al. [18] found that fractals 

have a wide range of uses in various fields of science and architecture. One area is fractal 

electrodynamics, where fractal geometry satisfies electromagnetic assumptions to explore 

another category. The best in the most promising field of fractal electrodynamics ques- 

tioned its application in speculation and receiving cable planning [19]. Traditional antenna 

frame research and structural methods are created in Euclidean geometry. Nevertheless, 

impressive measures have been taken to maintain interest in the possibility of new antenna 

devices. Fractals have been used in the designs instead of Euclidean geometric ideas [20]. 

From this rapidly evolving new research field has come the creation of fractal an- 

tenna cables. Since fractal geometry is an extension of established geometry, its constant 

representation provides a rare opportunity for construction to explore an infinite number 

of configurations that could not be achieved before, which are now used to encourage 

creative new antenna projects. There are mainly two dynamic research fields in the con- 

struction of fractal antenna devices [21]. These include the study of components of antenna 

devices formed by fractals and the use of fractals in the design of antenna device groups. 

The motivation behind this article is to outline the current progress in the assumptions and 

design of the components of fractal antenna devices represented by fractal antennas. 
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Abstract: Cloud computing utilizes various Internet-based technologies to 

enhance the Internet user experience. Cloud systems are on the rise, as this tech- 

nology has completely revolutionized the digital industry. Currently, many users 

rely on cloud-based solutions to acquire business information and knowledge. As 

a result, cloud computing services such as SaaS and PaaS store a warehouse of 

sensitive and valuable information, which has turned the cloud systems into the 

obvious target for many malware creators and hackers. These malicious attackers 

attempt to gain illegal access to a myriad of valuable information such as user per- 

sonal information, password, credit/debit card numbers, etc., from systems as the 

unsecured e-learning ones. As an important part of cloud services, security is 

needed to protect business customers and users from unauthorized threats. This 

paper aims to identify malware that attacks cloud-based software solutions using 

an unsupervised learning model with fixed-weight Hamming and Mexiannet. Dif- 

ferent types of attack methodologies and various ways of malicious instructions 

targeting unknown files in cloud services are investigated. The result and analysis 

in this study provide an evolution of the unsupervised learning detection algo- 

rithm with an accuracy of 94.05%. 

 
Keywords: Security; malware; Hammingnet; Mexiannet; SaaS; PaaS 

 

1 Introduction 

Cloud computing is a major development field in the computer sector. Cloud is the space for storage, 

whereas cloud computing, based on internet usage per hour, helps deliver on-demand services. Utilizing a 

network to access servers that are hosted on the internet is one alternative to accessing a local server to 

perform operations like retrieving, storing, managing, and processing data. The objective of cloud 

computing is to share resources between the client and a server through cloud providers, cloud consumers, 

partners, and vendors. The resource sharing is achieved at various levels like infrastructure cloud (IT 

infrastructure management, i.e., platform as a service), business cloud (business as a service), software 

cloud (software as a service), and application cloud (application as a service). Currently, the market for 

mobile phones is increasing. Consequently, mobile cloud computing will be an inevitable 
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