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Abstract—Wireless power Transfer (WPT) to 
Unmanned Aerial Vehicles (UAVs) is promising to 
be a ground-breaking technique for efficient 
charging of long-distance flying UAVs. WPT 
allows the power to be transferred directly from a 
ground station to a long-distance flying UAV 
eliminating the need for UAVs to carry batteries as 
the source of power whose heavy weight affects 
the duration of UAV’s flight. This paper first 
reviews the recent application of Wireless Power 
Transfer to UAVs and highlights advantages of 
using this technique for economic and efficient 
design of intelligent autonomous long-distance 
flying UAVs. The paper then discusses the need 
for the fusion of the sensors used in WPT and IMU 
sensors used in UAVs, the use of deep learning 
algorithms in long distance flying UAVs, and 
highlights the factors that affect the safety and 
reliability of long distance power transfer to UAVs. 
The work described in this paper is part of the 
authors’ research project that aims to investigate 
and develop sustainable autonomous unmanned 
aerial vehicles. The progress being made so far in 
implementing Reactive wireless power transfer 
techniques (RWPT), the potential future works, 
and the envisaged associated challenges are 
reported in this paper.  
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I.  INTRODUCTION  

Wireless Power Transfer (WPT) as a charging method 

is currently being extensively used for objects such as 

mobile phones, headphones, small gadgets, etc. This 

technology, however, is not being commonly and 

commercially used for charging of the unmanned 

aerial vehicles (UAVs) or electric vehicles because of 

the huge loss of power involved when the energy is 

wirelessly transferred from WPT’s device to the UAV’s 

batteries. But since the Wireless Power Transfer 

allows the power to be transferred directly from the 

ground station to a UAV, through the natural air 

medium, without wires, there should not be any need 

for the UAVs to carry heavy weight batteries anymore. 

As such the use of WPT systems for Wireless 

Transfer of power to UAVs could create a mass 

market opportunity. The first WPT system was 

discovered by a famous scientist named Nikola Tesla 

[1] in 1890. He also patented many wireless power 

transmission applications at that time, making him the 

true founder of wireless electricity, but that technology 

never became a commercially available technology 

because of the lack of sufficient financial support he 

needed in his time. The use of WPT in UAV research 

is already being carried out by many researchers [2-5] 

but, due to some technical limitations reported by the 

researches, the technology has not yet been proved 

economically feasible or technically efficient for 

embedding in the Design of intelligent long distance 

flying UAVs, especially in cases where the UAVs 

required to fly over a long period of time demanded by 

particular applications. The various methods of 

wireless power transfer being reported in literature 
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can be categorised based on particular techniques 

they have used, five well known techniques are; (1) 

Electromagnetic Induction [7-10], (2) Electromagnetic 

Resonance [11-14], (3) Electrostatic Induction [15], (4) 

Use of Microwave technology [16], and (5) use of 

laser wave technology. Some of these used long 

wave transmission (5-6) and some covered short 

wave transmission (1-3). This paper provides detailed 

discussion of the use of Electrostatic Induction 

(category 3), and also the combined use of the 

categories; (1) Electromagnetic Induction, (2) 

Electromagnetic Resonance, and (3) Electrostatic 

Induction.  

Jenn, D [19], extensively researched and 

experimented with short distance wireless power 

transfer for UAVs using electromagnetic induction 

methods with over 90 % efficiency. His work 

established that the near field, short distance wireless 

power transfer technology has already been applied to 

UAVs successfully but for long distance flying drones 

this has not been so, and also the technology is not 

safe and reliable because the microwave and laser 

wave transmissions have poor efficiency in extreme 

weather conditions [20], hence dangerous to human 

beings [21]. 

Various types of UAV classification are shown in 

figure 1 [23]. This paper is focused mainly on VTOL 

(vertical take-off and landing) type of UAV because 

this craft currently uses batteries to operate in Low 

Altitude Platform (LAP), and can easily be integrated 

with the WPT system. LAP category UAVs fly below 

15km height whereas the High Altitude Platform 

(HAP) category UAVs fly 15 km above sea levels.  

 

Figure-1 UAV altitude platform classification and this 

review focusing on VTOL type WPT  

Furthermore, WPT techniques can enable faster 

communication with UAV, avoiding using inefficient 

radio communication  

The work presented in this paper is part of the 

research project that aims to investigate and develop 

sustainable autonomous unmanned aerial vehicles. 

The project also investigates application of sensor 

fusion and deep learning algorithms on UAVs aiming 

to fuse WPT sensors with IMU (inertial measurement 

Unit) sensors and deep learning algorithms for long 

distance flying UAVs, which is an innovative novel 

approach. For our research experiments we use a 

quadcopter we developed (shown in figure-2a) and a 

200 watts Wireless Power Transfer (WPT) kit (shown 

in figure-2b). 

  

       (a)    (b)  

Figure-2 (a) Quadcopter with Raspberry Pi 3b and 

Navio 2 Flight Controller Module used to test with (b) 

a 200 W Wireless Power Transfer Module  

 

II. DESCRIPTION OF WIRELESS POWER TRANSFER 

REVIEWED 

A. Electromagnetic Induction 

Electromagnetic induction is currently used for short 

range wireless power transfer operation. The working 

principle is that alternating current is applied to the 

transmitter wire coil which is inductively coupled with 

receiver coil using magnetic field. Output power is 

then transferred through a rectifier to get usable DC 

power to the drone. There are studies on the drone 

battery charging using electromagnetic inductive 

coupling method [23] and efficiency of the coupling is 

calculated using coupling factor equation [24]. 

Moreover, the total coupling coefficient exists between 

transmitter coil and receiver coil shown below; 

 

Where, k = coupling factor between transmitter (TX) 

coil and receiver (RX) coil, M = mutual inductance 

between TX and RX coil, = TX coil inductance, 

= RX coil inductance 

(b) 
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B. Electromagnetic Resonance 

Electromagnetic resonance coupling method also 

uses inductive coupling method, but power transfer is 

tuned by using magnetic resonance at a tuned 

frequency between transmitter and receiver inductive 

coils. The reason for using resonance inductive 

coupling is that huge power losses occur because 

leakage inductance occurs around TX and RX when 

sending higher power. Nikola Tesla [25] discovered 

this method and later experimentally proved it by the 

MIT team [26] in 2007 by sending 60 watts of power 

using resonance coupling successfully to 6 and half 

feet distance with a half efficiency. When using 

extreme frequency, there will be resistive loss occur 

between TX and RX coils which can be measure as 

follows; 

To find Inductive Resonance coil resistive loss [27]: 

, 

Where = resistive loss, =angular frequency, 

= (vacuum permeability),         = 

S/m(copper wire conductivity),  is the 

length of copper wire, a = cross-section area  

 

When resistive loss is directly proportional to the skin 

depth [28] of the coil shown below: 

, 

Where = skin depth of the coils,  = effective 

permeability, = resistance of the copper coil 

C. Electrostatic Capacitive Coupling 

Electrostatic capacitive coupling method [29] can be 

defined by two capacitive connected with both 

transmitter and receiver form a capacitance between 

them which help transfer energy to the transmitter 

load. This type of transmission is possible by using 

high frequency alternating current oscillating between 

transmitter plate and receiver plate, which activates 

electric flux between them. The power received in the 

receiver plate is then converted into Direct current by 

adding a full bridge rectifier circuit into the system, so 

the load can be used afterwards.    

D. Microwave Wireless Power Transmission 

In the mid-20th century, a microwave oven was 

invented [30] which is still today for heating up things. 

Microwaves are high frequency waves which are a 

form of electromagnetic waves. Electrical energy from 

the transmitter is converted into microwaves by using 

magnetron [31] and then transmitted to the antenna 

which will then send wireless microwaves into the 

receiver antenna with the same setups. This method 

was proven by William C Brown [32] who successfully 

transmitted wireless microwave electrical energy. This 

method is recommended to use outer space power 

transmission because of long distance power 

transmission compatibility.  The disadvantages of 

using this method to transfer energy is extremely high 

frequency current radiation which can harm animals 

and human beings if they interfered between 

transmitter and receiver of microwave power 

transmission [33].   

E. Laser Powered Wireless Power Transmission 

Laser radiation can cause extreme heat on nearby 

pointed [34] surfaces because photons inside lasers 

are so dense and powerful. The working principle of 

laser powered WPT system is that a high-power laser 

pointer acts as the transmitter which receives laser 

power as heat energy which can be converted into 

electric current [35]. Solar panels can also act as a 

receiver which will store electrically energy when a 

laser is transmitted in air or free space [36]. Laser 

power is more powerful than the sun's energy when 

using photovoltaic cells. This method will work day 

and night without any huge power losses [37]. 

Currently, there is only the microwave WPT method 

and laser WPT method can transfer energy long 

distances.  

 

 

 

F. Active and Reactive Power Transfer in WPT 

As the intensity of wireless power systems builds up, 

the use of active and reactive power transfer methods 

become important to maintain stable power transfer 

by adjusting their frequency and voltage evenly [38]. 

Active power is the main usable power for a circuit 

whereas reactive power is only transferred between 

transmitter and receiver without giving any usable 

power to the circuit [39]. Active and Reactive Power 

initiates in the circuit just 90 degrees behind the 
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applied voltage by a point of pi (Φ) which is the 

apparent power [40]. 

Figure-3 Difference between Active and Reactive 

Power  

To find active power (P) of a circuit using below 

equation, 

P(watts) = VI cos∅ =  I2𝑅,  

 

Where, V = voltage of the circuit, I = current, ∅ = 

angle between apparent and active power, R = 

resistance 

To find reactive power (Q) of a circuit using below 

equation, 

Q(VAR) = VI sin∅ =  I2 𝑉𝐴𝑅, 

 

Where, VAR = voltage ampere reactive. 

Although reactive transfer is not usable power, it can 

help transfer active wireless power long distances 

back and forth using tuned resonant frequency 

between transmitter and receiver which can connect 

with earth ground itself using the theoretical approach 

presented in this paper.  

III. BACKGROUND UAV DEVELOPMENT 

From the 18th century, research activities in the use of 

unmanned aerial vehicles increased tremendously by 

only militaries for the purpose of war in various 

countries [41].  As a result, aerial photography was 

also used primarily in order to monitor the enemy’s 

area. By the late 1930s the US navy experimented 

with a project to develop a remote controlled UAV that 

could be used for long distance control. This work 

eventually led to the development of the first ever 

remote control unmanned aerial vehicle during world 

war 2 [42]. However, these aircrafts required a human 

to constantly monitor, guide and control the motion of 

the drone. With pressing needs for high altitude and 

low cost, the UAV was able to be used in fleet 

operation by Israel Air force in the late 1980s [43]. 

These new UAV technologies lead to the creation of 

low-cost UAV for fleet operations to carry out a variety 

of tasks automatically by United States Airforce in 

1986 [44]. At the end of the 19th century, small UAVs 

were developed and monitor the activities of terrorists 

in remote areas [45]. In the early 21
st
 century drone 

delivery experiment was done by the various 

cooperatives of these machines could be significantly 

enhanced using extra fast package delivery [46]. This 

method coupled with advancements in computer 

vision technology has led to increase in UAV 

development and in recent years [47]. 

 

A. Wireless Powered UAVs 

Some of the batteries powered commercially available 

aircrafts in industry use the wireless powered UAV 

and links to charge UAV’s battery each time by 

landing the aircraft to the transmitter coil [48]. In some 

battery powered WPT aircrafts running today, they are 

still using electromagnetic resonance methods for cost 

effectiveness but the efficiency and distance between 

the transmitter and receiver are very low [49]. The 

WPT of the aircraft needs the long-distance wireless 

power transfer to fly without landing for each charge. 

The microwave and laser powered wireless aerial 

vehicle which would harm humans or birds to fly in air 

against radiation caused by these extreme frequency 

wave transfer methods [50]. These types of wireless 

power transfer technology require efficient solution of 

the cost-effectiveness and safety of the environment. 

The primary UAV wireless power transfer system 

consists of the following; 

● Electromagnetic Resonance wireless battery 

charging of UAVs [51]. 

● Microwave Power Transmission of electricity 

using high frequency antennas to transmit 

power to aerial vehicles [52]. 

● Laser power transmission of electricity to UAV 

receivers in the same method solar panels 

method [53].  

B. Short Distance Electromagnetic Resonance 
Wireless Powered UAVs  

Electromagnetic resonance coupling method works at 

a tuned resonant frequency between transmitter and 

receiver inductive coils which are connected to the 

load (UAV) [54]. Whenever the UAV battery becomes 

low, the UAV which already has installed the receiver 

coil connected to the battery goes down to the exact 

place where the transmitter resonance coil is located 

and lands over it to recharge itself. When the full 

power is taken, the UAV continues its operation by 

taking off from the transmitter coil [55].  
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C. Long Distance Microwave Powered UAVs 

Since all wireless powered aircraft use the same 

method to power the entire circuit, sensors and 

actuators of the UAV [56], that is the motors are 

powered by energy storage and controlled by speed 

controller devices and micro-controllers. For long 

distance and space UAV operation, microwave 

wireless power transfer method can reach the longest 

range because of electromagnetic wave transfer 

which travels at light speed in vacuum [57].  

The principle of microwave WPT UAV technology is 

that electricity is first converted into high frequency 

using traditional microwave magnetron transformers 

[58]. Using the same antenna design as radio 

techniques to transfer microwaves to the receiver 

antenna located in UAV with same resonance 

microwave frequency. Figure-3 is a block diagram 

illustration of the basic microwave electric powered 

UAV propulsion system. The UAV system starts by 

powering the motor and throttling the motor speed by 

controlling voltage input of the motor which makes the 

propeller rotate and cause thrust and airspeed using 

energy from microwave wireless power. Although the 

system looks simple there are several different power 

configurations mode and safety issues [59] according 

to the application and difficulty in flying in extreme 

weather conditions [60]. 

D. Long Distance Laser Powered Wireless UAVs 

The working principle of laser powered WPT system 

for UAV is that a high-power laser pointer acts as the 

transmitter which receives laser power as heat energy 

which can be converted into electric current [61] 

transmitted into load which itself is UAV. Figure shows 

that multiple UAV is powered using laser WPT 

transfer which is discussed in paper [62]. Advantage 

of using this method is that high power can be 

transmitted using laser power which is lower than 

microwave UAV wireless power transmission system 

[63]. Drawbacks are laser radiation is highly 

dangerous living beings and transmitter and receiver 

should be always in sight for efficient power 

operations [64] 

IV. THE DESIGN OF REACTIVE WIRELESS POWER 

TRANSFER (RWPT) SYSTEM FOR UAVS 

Nikola Tesla patented the first design of wireless 

power transfer around the 1900s [1] using earth 

surfaces as a ground and high-pressure atmosphere 

as a conductor to transfer electricity from one distance 

to another. Even this closed-circuit design may work, 

if we want to apply it practically would be impractical 

and risk clashing communication with passenger 

flights because we must raise a hydrogen balloon to 

the height above sea level of more than 30 thousand 

feet. Tesla proposed not only that earth atmosphere 

become conductive like wire when it reaches certain 

pressure levels but also using reactive power transfer 

method to send electricity using only ground. When 

the Reactive power transfer method oscillates 

between transmitter capacitor and receiver capacitor 

using resonant tuned frequency, there would be 

standing wave pressure build up between transmitter 

and receiver which helps transfer usable active power 

to the UAV.  

In this design, reactive power transfer method works 

at half of 360 degree between two capacitors. Once 

main active power activated, the power converted into 

reactive power by using quarter wave coils between 

transmitter and receiver. Quarter wave coils purpose 

is that the circuit should be in resonance to transfer 

power efficiently. When the power is activated, two 

capacitors exchange reverse charges simultaneously 

using reactive wireless power transfer method. Then, 

standing waves between transmitter and receiver 

ground formed and usable power transmitted into the 

UAV or load shown in figure-5. Other type methods 

can be used for transmitting power through one wire 

transmission on UAVs for the purpose of showing the 

working principle of RWPT system. The circuit was 

tuned in the same way as using electromagnetic 

resonance. For the efficient power transfer method, 

the UAV frequency also should be in resonance with 

the RWPT circuit. 

A. RWPT UAV Of the Future 

Despite the great deal of research work done in the 

field of WPT and unmanned aerial vehicles and the 

advancement in its technology many experts agree 

that one of the major drawbacks of today's WPT UAV 

is that they tend to use extreme power usage, 

charging batteries usually takes out operation time, 

low range wireless power transfer and complexity of 

the resonance transmitter and receiver coil designs. 

An important consideration in connection with the 

WPT UAV system is that the power can be 

transmitted using the same earth ground in which 

large amounts of electrons stored inside and 

capacitive coupling approach to the UAV which it 

would act as a return wire instead of sending through 

air. In the practice of building traditional WPT systems 

in UAV, structures which tend to cost high and are 

often used to provide complicated design required for 

different applications. To achieve the required long-

distance operation for WPT UAV, an electrostatic 

capacitive coupling method can be made in terms of 
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using earth ground as conductor with desired 

resonant frequency are used for the UAV which would 

result in the power travel faster and further. 

This capacitive coupling system can be used to 

transfer energy to not only UAVs but also any types of 

battery powered system can be integrated to use this 

method. The 'space' between the capacitor plates or 

spheres and air which is also as dielectric for charging 

and discharging electrostatic power That is, the region 

changed into a state against which a mechanical push 

could be applied. This suggested, utilizing this 

procedure, it ought to be conceivable to create a 

transmitter plant in desired area and receiver can be 

far away from the transmitter, if the earth resonant 

frequency and TX, RX resonant frequency can be 

tuned to work in same which could be resolved the 

issues of long-distance power transfer. Further 

investigations and experiments needed to prove these 

methods wireless power transfer method of UAV.   

CONCLUSION  

Fast evolving technologies have led to the innovation 

of powerful wireless powered unmanned aerial 

vehicles (UAV), also known as WPT drones, for the 

purpose of working in dangerous environments which 

humans aren't able to travel. In this paper we 

reviewed the background of UAVs, existing wireless 

powered UAV, the working Principle of Wireless 

Power Transfer methods including short- and long-

range methods, finally the future of WPT transfer 

using electrostatic resonant coupling method using 

earth as a return wire. Future papers, we will be 

experimenting with this method to power the UAVs 

efficiently, the safety and reliability of sending power 

to longer distances.  
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[11]. Bécherrawy, T. 2012. Mechanical and 
electromagnetic vibrations and waves (Hoboken, N.J: 
John Wiley & Sons, Inc.) 

[12]. Dae, W.K., Y.D. Chung, H.K. Kang, S.Y. Yong, 
and K.K. Tae. 2012. 'Characteristics of Contactless 
Power Transfer for HTS Coil Based on 
Electromagnetic Resonance Coupling', IEEE 
Trans.Appl.Supercond., 22: 5400604 

[13]. Toh, T. 2014. Electromagnetic theory for 
electromagnetic compatibility engineers (Boca Raton: 
CRC Press) 

[14]. Yang, H., X. Cao, J. Gao, T. Liu, S.J. Li, Y. Zhao, 
Z. Yuan, and H. Zhang. 2013. 'Broadband low-RCS 
metamaterial absorber based on electromagnetic 
resonance separation', Acta Phys.Sinica, 62 

[15]. Han, W., and M. Kunieda. 2017. 'Research on 
improvement of machining accuracy of micro-rods 
with electrostatic induction feeding ECM', Precis Eng, 
50: 494-505 

[16]. Lu, P., Xue-Song Yang, and Bing-Zhong Wang. 
2017. 'A Two-Channel Frequency Reconfigurable 
Rectenna for Microwave Power Transmission and 
Data Communication', IEEE Transactions on 
Antennas and Propagation, 65: 6976-6985 

[17]. Perales, M., M.-. Yang, C.-. Wu, C.-. Hsu, W.-. 
Chao, K.-. Chen, and T. Zahuranec. 
2016. Characterization of high performance silicon-
based VMJ PV cells for laser power transmission 
applications (: SPIE) 

[18]. Wu, Y., J. Xu, and L. Qiu. 2018. 'UAV-Enabled 
Wireless Power Transfer with Directional Antenna: A 
Two-User Case' 

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 7 Issue 9, September - 2020  

www.jmest.org 

JMESTN42353506 12631 

[19]. Jenn, D., and Naval Postgraduate School 
Monterey Ca Dept Of Electrical And, Computer 
Engineering. 2014. Short Range Wireless Power 
Transfer (WPT) for UAV/UAS Battery Charging - 
Phase 1 () 

[20]. Ma, H., X. Li, L. Sun, H. Xu, and L. Yang. 
2016. 'Design of high‐ efficiency microwave wireless 
power transmission system', Microwave Opt Technol 
Lett, 58: 1704-1707 

[21]. Grey, J., and R. Dickinson. 1999. Lasers For 
Wireless Power Transmission () 

[22]. Santi, C.D., M. Meneghini, A. Caria, E. Dogmus, 
M. Zegaoui, F. Medjdoub, B. Kalinic, T. Cesca, G. 
Meneghesso, and E. Zanoni. 2018. 'GaN-Based Laser 
Wireless Power Transfer System', Materials, 11: 153 

[23]. Hebel, C., M. Matveeva, E. Verweij, P. 

Rademske, M.S. Kaufmann, C. Brogi, H. Vereecken, 

U. Rascher, and J. Kruk. 2018. 'Understanding Soil 

and Plant Interaction by Combining Ground‐ Based 

Quantitative Electromagnetic Induction and Airborne 

Hyperspectral Data', Geophys.Res.Lett., 45: 7571-

7579 

[24]. Keratipaiboon, N., and S. Sirisukprasert. 2014. A 
control technique for Inductively Coupling Power 
Transfer systems (: IEEE) 

[25]. Lumpkins, W. 2014. 'Nikola Tesla's Dream 
Realized: Wireless power energy harvesting', IEEE 
Consumer Electronics Magazine, 3: 39-42 

[26]. Huebsch, N.D., and D.J. Mooney. 
2007. 'Fluorescent resonance energy transfer: A tool 
for probing molecular cell-biomaterial interactions in 
three dimensions.(Author abstract)', Biomaterials, 28: 
2424 

[27]. Broyde, F., and E. Clavelier. 2011. An analytical 
resistive loss model for multiconductor transmission 
lines and the proof of its passivity (: IEEE) 

[28]. Takahara, K., J. Muto, and H. Nagahama. 
2010. 'Skin depth of electromagnetic wave through 
fractal crustal rocks', IEEJ Transactions on 
Fundamentals and Materials, 130: 258-264 

[29]. Tanaka, J., S. Sekiguchi, N. Mamba, and T. 
Hamamoto. 2010. Electrostatic capacitive coupling 
type touch panel () 

[30]. Anonymous 1963. 'IEEE transactions on 
microwave theory and techniques (Online)', IEEE 
transactions on microwave theory and techniques 
(Online) 

[31]. Anonymous 1975. MICROWAVE 
MAGNETRON () 

[32]. Brown, W.C., and E.E. Eves. 1992. 'Beamed 
microwave power transmission and its application to 

space', IEEE Trans.Microwave Theory Tech., 40: 
1239-1250 

[33]. Yinghai, Z., and C. Ye. 2013. Hidden dangerous 
article microwave safety inspection system based on 
human body contour () 

[34]. Font, F., S. Afkhami, and L. Kondic. 
2017. 'Substrate melting during laser heating of 
nanoscale metal films', Int.J.Heat Mass Transfer, 113: 
237-245 

[35]. Lee, W.Y., Y.J. Lee, and M.H. Lee. 2015. 'Effects 
of bath composition on the morphology of electroless-
plated Cu electrodes for hetero-junctions with intrinsic 
thin layer solar cell', Thin Solid Films, 587: 156-159 

[36]. Ortal, A., and P. Rudiger. 2010. WIRELESS 
LASER POWER TRANSMITTER () 

[37]. Yimin, X., S. Jun, and Y. Lixia. 2018. A holmium 
laser electricity system of cutting for accurate 
therapeutical sinus () 

[38]. Anonymous 1993. International Practices in 
Reactive Power Control, IEE Colloquium on () 

[39]. Ahmadimanesh, A., and M. Kalantar. 2017. 'A 
novel cost reducing reactive power market structure 
for modifying mandatory generation regions of 
producers', Energy Policy, 108: 702-711 

[40]. Sakhdari, M., M. Hajizadegan, Y. Li, M.M. 
Cheng, J.C.H. Hung, and Pai-Yen Chen. 
2018. 'Ultrasensitive, Parity-Time-Symmetric Wireless 
Reactive and Resistive Sensors', IEEE Sensors 
Journal, 18: 9548-9555 

[41]. Brooke, L. 2010. 'First flight approaches for 
'disruptive' new UAV engine.(Ricardo 
Aerospace)(United States. Air Force)', Aerospace 
Engineering & Manufacturing, 2: 9 

[42]. Chao, H., and Y. Chen. 2012. Remote sensing 
and actuation using networked unmanned 
vehicles (Hoboken, New Jersey: Wiley-IEEE Press) 

[43]. Holder, W.G. 2001. Unmanned air vehicles : an 
illustrated study of UAVs (Atglen, PA: Schiffer Pub) 

[44]. Jones, D., and M. Taylor. 2016. 'Drones', 
Computer and Telecommunications Law Review, 22: 
12-13 

[45]. Kilby, T., and B. Kilby. 2015. Make : getting 
started with drones (San Francisco, CA: Maker Media) 

[46]. Mason, J. 2003. 'Unmanned Systems; Israel 
seeks mini-UAV for field intelligence.(Brief Article)', 
Airline Business: 16 

[47]. Pieraccini, M., L. Miccinesi, and N. Rojhani. 
2017. 'RCS measurements and ISAR images of small 
UAVs', IEEE Aerosp.Electron.Syst.Mag., 32: 28-32 

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 7 Issue 9, September - 2020  

www.jmest.org 

JMESTN42353506 12632 

[48]. Campi, T., S. Cruciani, and M. Feliziani. 
2018. 'Wireless Power Transfer Technology Applied to 
an Autonomous Electric UAV with a Small Secondary 
Coil', Energies, 11: 352 

[49]. Hua, M., Y. Wang, Z. Zhang, C. Li, Y. Huang, 
and L. Yang. 2018. 'Power-Efficient Communication in 
UAV-Aided Wireless Sensor Networks', IEEE 
Communications Letters, 22: 1264-1267 

[50]. Junaid, A.B., Y. Lee, and Y. Kim. 2016. 'Design 
and implementation of autonomous wireless charging 
station for rotary-wing UAVs', Aerospace Science and 
Technology, 54: 253-266 

[51]. Jiang, J., X. Liu, and X. Zha. 2018. 'Summary of 
application of magnetic coupling resonance 
technology in power inspection UAV', MATEC Web of 
Conferences, 228 

[52]. Anonymous 2011. Microwave power modules for 
UAV datalinks introduced by TMD (: Normans Media 
Ltd) 

[53]. Carrasco-Casado, A., R. Vergaz, and J. 
Sanchez-Pena. 2015. 'Design and early development 
of a UAV terminal and a ground station for laser 
communications' 

[54]. Naimushin, A., C. Spinelli, S.D. Soelberg, T. 
Mann, R.C. Stevens, T. Chinowsky, P. Kauffman, S. 
Yee, and C.E. Furlong. 2005. 'Airborne analyte 
detection with an aircraft-adapted surface plasmon 
resonance sensor system', Sensors And Actuators B-
Chemical; Sens.Actuator B-Chem., 104: 237-248 

[55]. Tullu, A., Y. Byun, J. Kim, and B. Kang. 
2018. 'Parameter optimization to avoid propeller-
induced structural resonance of quadrotor type 
Unmanned Aerial Vehicle', Composite Structures, 
193: 63-72 

[56]. Duggal, R., A. Donald, and T. Schoemehl. 
2009. Technological evolution of the Microwave 
Power Module (MPM) (: IEEE) 

[57]. Li, K., W. Ni, and E. Tovar. 2019. 'On-board 
Deep Q-Network for UAV-assisted Online Power 
Transfer and Data Collection' 

[58]. Li, K., W. Ni, E. Tovar, and A. Jamalipour. 
2019. 'On-Board Deep Q-Network for UAV-Assisted 
Online Power Transfer and Data Collection', IEEE 
Transactions on Vehicular Technology, 68: 12215-
12226 

[59]. Li, K., K. See, W. Koh, and J. Zhang. 
2017. Design of 2.45 GHz microwave wireless power 
transfer system for battery charging applications (: 
IEEE) 

[60]. Ludeno, G., I. Catapano, A. Renga, A.R. Vetrella, 
G. Fasano, and F. Soldovieri. 2018. 'Assessment of a 
micro-UAV system for microwave tomography radar 
imaging', Remote Sens Environment., 212: 90-102 

 [61]. Cui, Z.H., W.S. Hua, X.G. Liu, T. Guo, and Y. 
Yan. 2017. Key technologies of laser power 
transmission for in-flight UAVs recharging (: Institute 
of Physics Publishing) 

[62]. Liangjie, L.I. 2018. UAV (unmanned aerial 
vehicle) for laser power supply road condition 
detection and auxiliary lighting () 

[63]. Ouyang, J., Y. Che, J. Xu, and K. Wu. 
2018. 'Throughput Maximization for Laser-Powered 
UAV Wireless Communication Systems' 

[64]. Yang, J., G. Zhou, X. Yu, and W. Zhu. 
2011. Design and Implementation of Power Supply of 
High-Power Diode Laser of LiDAR Onboard UAV (: 
IEEE) 

 

 

http://www.jmest.org/

