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Abstract: There has been a rapid growth in research towards developing smart, low-cost, and high-performance unmanned 

aerial vehicles (UAVs) for enabling wireless data transfer and communication. The practical applications of UAVs in 

healthcare, surveillance, agriculture and other domains is increasing at a faster pace. Mass production of these UAVs is 

essential to meet the growing communication requirements. Plans towards standardization and global deployment of Internet-

of-Things (IoT) technologies and fifth generation (5G) wireless communication are in progress. Functional diversity is 

established by the UAVs in enabling wireless communication with IoT and 5G technologies. The different UAVs used in 

wireless communication is studied and a hierarchical architecture is proposed to facilitate integrating these technologies into 

next-generation networks. The principles of aerodynamics, wireless communication, power transfer, area of coverage, delay, 

meteorological impacts and other design parameters and their tradeoffs is analyzed.  
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1. Introduction  
Entertainment industry, emergency rescue, security surveillance, agricultural practice, scientific 

research, industrial inspection, civilian applications, military exploration and various such fields are making use 

of the benefits of unmanned aerial vehicles (UAVs) leading to a rapid transformation in the domain [1]. 

Meanwhile, the rapid deployment of Internet of- Things (IoT) and fifth generation (5G) wireless network 

technologies further enrich the applications and accelerate the diversity and progress of the paradigms. 

International Telecommunication Union (ITU) speculated application scenarios can be facilitated with the 5G 

wireless technology aided by UAVs. Massive machine type communications (MMTC), ultra-reliable low latency 

communications (URLLC), and enhanced mobile broadband (EMBB) are the three principle application 

scenarios. URLLC is used for handling emergency situations like enhancement of public safety networks, 

recovery of network service in areas stricken by disaster and so on where UAVs can be deployed to offer efficient 

outcomes [2]. The network performance can be improved in 5G cellular network up-to thousand times when 

compared to that of 4G network using UAV based EMBB.  

 

Cellular services make use of millimeter wave (mmWave) bands while adopting  Upper Microwave 

Flexible Use Service according to the Federal Communication Committee (FCC) since 2016 [3]. Significant 

challenges in terms of shadowing effects, huge propagation loss in terrestrial environments are faced by mmWave 

cellular communication at faster speed and larger bandwidth opportunities. Beamforming schemes can be used 

despite the high power consumption and hardware resources for overcoming the challenges of propagation loss 

[4]. In non-line-of-sight (NLoS), the shadowing variance is high and mitigation of mmWave is difficult due to the 

shadowing effects. The limited channel elements and sparse nature of mmWave channels can be overcome by 

improving the line-of sight (LoS) communication by deploying wireless networks with UAV technology. Reliable 

and robust 5G global access is enabled with distinct Earth-space communication with the help of UAV based 

satellite communication in the near future [5].  
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Figure 1: Generic block diagram of (a) Wireless Power Transfer and (b) Laser Power Transfer 

 

 

Figure 1 (a) represents the block diagram of wireless power transfer through RF system that can operate 

under the industrial, scientific, and medical (ISM) bands. Figure 1 (b) is the optical wireless power transfer 

(OWPT) block diagram representing laser power transfer. In this paper, the communication aspects in terms of 

wireless and aerodynamics under UAV genres is investigated. The weather conditions and corresponding UAV 

communication channels are analyzed. Further, an optimized and feasible architecture for wireless and laser power 

transport is proposed. 

 

2. Literature Review 
 Data collection, dissemination, relaying and coverage are the major categories of wireless communication with 

UAV technology. Relaying of wireless connectivity and offloading can be performed on the 5G base station [6]. 

Safety concerns caused by UAVs are a major hurdle in the implementation of 5G networks. Several restrictions, 

rules and laws are implemented by the civil aviation authorities and Federal Aviation Administration (FAA) for 

operation of commercial UAVs in order to regulate the people, vehicles, construction, distance from airports, 

speed, altitude and weight. Several technical bottlenecks like on-board power and other significant limitations are 

also faced by the design of UAVs [7]. A lithium polymer battery of size 1 pound can be used for powering a mini 

UAV of 3 pounds. For a 30 minute flight time, this battery can provide up to 80Wh of energy.  

 

 The security and latency of the system is outstanding. However, the power requirements of wireless hardware 

and additional payload necessities are created while installing the UAVs with 5G wireless communication features 

[8]. This will reduce the duration of operation further. The quality of wireless communication of the and operating 

time of UAV will also be affected greatly by the adverse weather conditions. The energy consumption for 

communication of an aircraft engine is higher when compared to that of a micro or pico-cell. The energy 

efficiency, flight time and robustness of the UAV communication systems are enhanced by several technological 

solutions. 5G-oriented UAV network implementation can be accelerated by several energy harvesting schemes 

and novel energy systems [9].  The solar cells operating efficiency is improved by maximum power tracking 

scheme using UAV and aircraft solar power management technique. Laser power beam schemes are used for 

improving the storage and energy transfer efficiency with no need for refueling or landing the flight for up to 24 

hours. The performance of wireless computation and laser energy harvesting are balanced using a throughput 

maximization technique [10].  

 

  

Wireless

Energy

Transmitter

Wireless

Channel

Wireless

Energy

Receiver

Transmitter

DC Power

Receiver  

DC Power

Transmitter  

RF Power

Receiver  

RF Power

Optical

Transmitter
Optical

Channel

Optical

Receiver

Input 

Power
Output 

Power

Intermediate 

Output 

Power

Intermediate 

Input 

Power

https://doi.org/10.36548/jsws.2020.4.005


J. Sustain. Wireless Syst., vol. 02, no. 4, pp. 165-170 

https://doi.org/10.36548/jsws.2020.4.005 

 

 
167 

ISSN: 2582-3167 

Submitted: 15.12.2020 

Accepted: 04. 01.2021 

Published: 12.01.2021  

 

3. Proposed Architecture 

 
Figure 2: Multilayer distributed UAV architecture 

 

 Longest flight duration with heavy load carrying capacity is the major benefit of balloon UAV. This feature is 

exploited in this paper for long duration hovering while carrying heavy 5G equipment [11]. The balloon UAV can 

act as an energy-efficient 5G macrocell base station covering a radius of 20 Kms weighing hundreds of Kgs. Line 

of sight links of higher probability can be enabled by high altitude. Figure 2 represents a multilayer distributed 

UAV architecture based on the various UAV characteristics. The UAV can fly under flexible altitudes with 

lightweight 5G equipment.  

 

 The UAV balloon is located 20Kms above the sea level at the stratosphere and behave like quasi-stationary 

cellular towers [12]. Recycling and relaunch of the balloons can be performed after proper maintenance over a 

longer time duration. Fixed wing UAVs are positioned above 1 Km and below 10Kms. This helps in addressing 

the design challenges and minimizing the doppler shift. These UAVs can cruise at very slow speed. The rotary 

wing UAVs serve as base stations with small cells termed as micro or pico-cells. Quick replenishing and 

recharging of these UAVs can be performed at low cruise altitudes. The power transfer, energy harvesting and 5G 

communication is analyzed among different layers. The balloon UAVs are integrated with control and non-

payload communication systems and 5G macro-cell communications [13]. Backwards compatibility and 5G new 

radio features are offered by the balloons while enabling communication with the ground and areal base stations. 

Fixed wing and rotary wing UAVs behave as micro/macro or pico-cells. 

 

 Far field and near field wireless power transfer schemes are used for various applications. These techniques 

have different features and functionalities. [14] Laser charging technology, solar chagring, wireless and wired 

charging, increase of battery capacity and other enhancements help in improving that battery life and overcoming 

the poor endurance of UAVs. Magnetically-coupled resonant wireless power transfer (MCR-WPT) is used for its 

application flexibility and operation safety in several applications. The sensor information from the UAVs must 

also be gathered to offer location stability. Various UAV stabilization algorithms are used for this purpose based 

on the application for minimizing vibrations.  

 

4. Results and Discussion 
 Various parameters are analyzed to ensure the performance of the proposed model in terms of transmission 

efficiency, maximum power transfer and meteorological conditions. Figure 3 represents the maximum 

transmission efficiency of 1500 and 800 nm over a distance of 10 Km with different visibility scenarios. Under 

clean air, the transmission is better, however, under fog condition, and multiple temperature ranges, laser 
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transmission helps in achieving improved power transmission over different distances. Multiple power transfer 

frequencies are also considered for omnidirectional transmission. The 800nm technology is outperformed by the 

1500nm providing better transmission efficiency especially in lower temperature. When the transmission distance 

is beyond 500 meters, a minimum of 10% transmission efficiency is maintained. The efficiency of laser power 

transfer may be degraded with medium fog over a distance of more than 200 meters and thick fog over a distance 

of 50 meters. 

 

 
Figure 3: Comparison of transmission efficiency between laser and wireless power transfer 

 

 
Figure 4: Efficiency of maximum power transmission over multiple distances 

 

 Figure 4 represents the efficiency of maximum power transmission over multiple distances namely 50 and 200 

meters. In case of rain, heavy snow and abrupt climatic variations, the attenuation of the system varies between 

60 to 100 dB/km. Distance and weather largely affects the power transfer techniques. However, the laser power 

transfer technique is largely advantageous when compared to the microwave or RF power transfer systems. 

Different gain factors are considered for the link to enhance the efficiency of transmission. Figure 5 provides the 

attenuation at various meteorological conditions. The features are analyzed for both phased array and omni-

directional antenna.  
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Figure 5: Different meteorological conditions and corresponding attenuation 

 

5. Conclusion and Future Scope 
 Wired power transfer technology may be completely replaced by the WPT technology with the rapid 

technological advancements. There are promising opportunities for 5G communication with UAV technology. 

Meteorological variable, aerodynamic constraints, wireless communication, power transfer and other critical 

factors can be addressed by the integration of 5G communication with UAV technology. Based on specific 

application and deployment circumstances, reconfiguration of the flexible and hierarchical networking 

architecture can be performed. The numerical analysis of the system robustness design and link budget calculation 

is done with respect to the meteorological conditions, propagation attenuation and laser transmission efficiency. 

Future work is directed towards hierarchical network management and secure communication design for UAVs, 

management of communication in adverse weather conditions, integration of deep learning technology and 

computer vision for secure laser power transfer, precise modeling of non-stationary UAV features and channel 

propagation, co-design of power transfer, wireless communication sum rate maximization and interference 

cancellation. Reduction of power loss due to axial or angular misalignment and high oscillation frequency is also 

to be considered. Further, the physical elements such as resonator, circuits and so on are to be improved at their 

design level to offer improved and secure communication. 
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