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Abstract  
Unmanned aerial vehicles are devices that can operate in air without any external human interference, thus 

making them completely autonomous. These devices are crucial for security surveillance and various payload 

services. The main aim in this paper will be to discuss the scope of wireless charging for such unmanned aerial 

vehicles (UAV) or simply speaking drones/quad copters and to come up with the ways to efficiently 

implement the above aim using readily available Wireless Power Transfer (WPT) modules and components. 

Three methods with their advantages, drawbacks and overall efficiency is considered. Method 1 will focus on 

implementing wireless power transmission using readily available modules like XKT-801. Method 2 will 

show the implementation of WPT using a Flyback transmission topology. Method 3 explores the usage of a 

Full bridge transmission for WPT. 
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1. Introduction  

 
The 21st century has seen a meteoric rise in usage of unmanned vehicles for tasks that are seemed to be 

dangerous or simply too monotonous for humans. This seems to highly true for Unmanned Aerial Vehicles 

(UAV) in the field of surveillance or military operations. In addition to military operation it is also used for 

scientific, hospitals, commercial and public safety purposes [1]. The world has headed researchers, activist, 

government agencies, public and private R&D department actively participating towards development of 

unmanned aerial vehicles. Balloons with explosives were used to attack enemy by American Civil War in 

1916 that’s when the first unmanned aerial vehicles (UAV) came into existence, military showed interest and 

researchers and developers conducted studies. During World War II Germany developed Buzz bomb which 

was also an unmanned aerial vehicle (UAV) [2-8]. Payload, Monitoring system and surveillance can be taken 

care without need of human beings.  Fig.1- UAV for surveillance. 
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                                                               Fig.1-UAV for surveillance   

                  

 

For any application UAV needs to be transported from one place to another place easily and uninterrupted 

signal is required to collect live data [9]. Charging such autonomous devices manually nullifies their purpose 

completely. Unmanned drones are the best examples of such application. Wireless charging is solution to these 

problems [10]. Wireless charging stations can be made which will be able to charge an unmanned drone 

without any external help. Fig.2- Wireless system. 

 
Fig.2-Wireless system 

 

A wireless power transfer (WPT) Module (consisting of both a transmitter and a receiver) needs to be fitted in 

the station and drone respectively. An unmanned aerial vehicle (UAV) with low battery level can track a 

nearby charging station and with the help of GPS and its PID sensors it will be able to locate and position itself 

in the required way in order to begin the charging process. Fig.3- XKT-801 WPT module. 

 

 
   Fig.3- XKT-801 WPT module 

 

Modern WPT modules such as XKT-801 are able to achieve almost 60% efficiency at a distance of one meter. 

Fig.3- XKT-801 WPT module. 
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    2.  Components of UAV 

 
UAV consists of various components like data links, payloads, system user, human element, wireless 

technology, sensors, support elements, control elements [11-15]. The fig 4 shows different components of 

UAV. Sensors and wireless communication are interfaced with UAV for smart response. Fig.4- Various 

components of UAV. 

 
                                                                Fig.4- Various components of UAV 

 

     3.  Wireless Charging of a Drone  

It is divided using three methods: In the first method feasibility of using wireless charging module XKT-801 

WPT for such an application is checked. In the second method the module is replicated but by using discrete 

electronic components and a generic microcontroller for controlling it. In the third method, Full Bridge 

topology is performed for wireless transmission instead of a flyback mode which is used in method 2. Fig.5- 

Wireless power transfer (WPT) process. 

 

         Fig.5- Wireless power transfer (WPT) process 

      

     3.1 Method 1( WPT Module) 

 

     XKT-801 WPT module is used in this method for charging our UAV. The module can be connected to the 

charging base station which will be incorporating an ac-dc converter in order to provide a well-regulated dc 

supply to the module. The module requires 24V volts to operate optimally. The dc input is then converted 

into ac using some switching topology like a full or a half bridge converter. The tx coil (i.e. densely braided 
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copper wire) of our base module acts like a transmitter or in simple words primary of our base. The ac 

waveform is then transmitted to the secondary or rx coil by the process of Electromagnetic induction. This ac 

waveform on the secondary is then rectified and filtered into a regulated dc voltage which then can be used 

to charge the batteries of the UAV. An additional Li-Po charging module like TP4056 is required on the 

secondary side for balanced charging of the batteries. Several such balanced charging modules can be placed 

in series in case the battery pack consists of ‘n’ number of cells in series. The above method provides an easy 

way for WPT although such modules are expensive and the scope for customizing (i.e. improving efficiency, 

Output power, switching frequency etc.) is limited due to the proprietary nature of such commercial 

modules. It also renders the project from being more open source and the ability to modify the working. 

Method 2 and 3 will focus more on techniques that can be implemented without using dedicated WPT 

modules. Instead they will be implemented using a Microcontroller and some discrete power components. 

Fig.6- XKT-801 WPT module. 

 

 

Fig.6-XKT-801 WPT module 

 

 

      3.2 Method 2 (flyback dc-dc wireless transmission) 

In this method, custom made flyback dc-dc wireless transmission method is executed to wirelessly transmit 

power from the base charging station to the secondary drone winding. This method does not depend on a 

dedicated wireless charging module rather it would use a Microcontroller to execute the task. 

This method is based on the principle of EMI across two mutually coupled inductors also known as a fly 

back transformer. Using two specially braided copper windings which will be based on a flat ferrite core 

material. Fig.7- Wireless charging method. 

        

                                                       Fig.7- Wireless charging method         

These windings will be used as a primary in the base charging station and as a secondary in the drone. With a 

high switching frequency power will be transmitted from the primary to the secondary in accordance with the 

principle of mutual coupling. The efficiency in this case will be highly based on the various losses along the 

distance between both the windings. A higher distance will cause a lot of power loss at the secondary due to 

loose coupling along with an increase in leakage inductances. A proper duty cycle along with the no of turns 

and winding method plays a crucial part in setting up the above required power parameters. The entire 
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operation of setting up the duty cycle, switching frequencies and the getting the feedback from the secondary 

will be performed by microcontroller thus making this entire method completely open source and highly 

customizable. 

The simulation that performed is only for the proof of the above theory and working and its actual 

implementation will require a lot more analysis along with other factors to improve the efficiency. One 

disadvantage of the simulated example is that it doesn’t use the full flux swing of the ferrite core hence it 

renders the overall efficiency of the circuit. Some loss elements like Mosfet on resistance, diode losses have 

been considered. 

A Midcom Flyback transformer with an air gap model from Wurth electronics has been used in the simulations 

which effectively represent the respective windings of base charging station and the load which in the case is 

the UAV. Fig.8- Wireless charging process. 

                     Fig.8- Wireless charging process 

 

3.3 Method 3 (Full bridge converter method) 

The Method 2 which explores the usage of a flyback mode for wireless power transmission suffers from a big 

disadvantage i.e. the half usage of BH curve. This prevents us from completely utilizing the ferrite plate core. 

Hence Method 3 overcomes this issue by using a full Bridge topology for wireless transmission. The 

efficiency is improved greatly by utilizing a full flux swing for the magnetics. Almost 70% of efficiency is 

achieved if the mosfet losses are overlooked. A full bridge method also avoids core saturation as compared to 

that of a flyback thus greatly influencing the overall efficiency. In this experiment the perfect coupling of K=1 

is considered. However, in real word scenario this may not be so, thus the output power is increased from 17 

watts to 24 watts in order to make up for the losses which may occur due to loose coupling and leakage 

inductance.  

 

4. Result/ Simulation 

 

4.1 flyback dc-dc wireless transmission 

 
LTspice Simulation tool is used to execute the wireless charging of drone using a custom flyback dc-dc 

transmission mode with a gate circuit. It consists of primary base charging station and UAV/Drone with 

receiver charging port. Fig.9- Wireless Charging of UAV/drone gives a simulation to charge the drone/UAV. 

In the primary station different transistors are used to step up dc voltage from the input. In the receiver end 

filter circuit is used.   
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                                                         Fig.9- Wireless Charging of UAV/drone 

 

 

Output and Waveforms 

 
Fig.10a & Fig.10b represents the overall charging of UAV. It indicates the overall output voltage and current 

obtained for charging. Biggest advantage of method 2 over method 1 is that the dependence on a commercial 

wireless charging module is completely removed along with additional advantage of customizability of the 

application. 

 

 
     Fig.10.a- UAV Charging process 

 

The steady state output voltage and current of the above-mentioned method is about 13V and 1.3A respectively. 

A total dc output of almost 17 watts is obtained by this method with an efficiency of 42.4%. 
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Fig.10.b- UAV Charging process 

 

The ripple content of voltage and current waveforms are about 50mV and 50mA respectively which is 0.386% 

and 3.86% of the main dc waveforms, which is very low and thus can power up sensitive electric circuits that 

don’t have much tolerances with respect to unregulated input power. 

 

4.2 Full bridge converter method 

The schematic diagram of Full Bridge Wireless transmission circuit (Fig.11). It is mainly used to reduce the 

loss and improve the overall efficiency of the system. Input as well as output side full bridge circuit is used. 

The transistor at the input is IRF5305 used and output is zener diode MBR735. When 12V,3A input is applied 

then the output at the receiver end is 11V and 2.2A . Thus the overall efffciency of the system is 69.14%. 

 

 

 
Fig.11- Full Bridge Wireless transmission circuit 
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Output and Waveforms: - 

 

 
Fig.12a- Full Bridge Wireless charging 

 

For the given input  the Full bridge method (Fig12a) provided an output of 12V and 2.9A almost leading up to 

a power output of 36 watts with an efficiency of 70% . The ripple content (Fig 12b) in this particular technique 

is less than 0.3% which can be considered to be almost nonexistent. Thus, this method proves to be much 

superior to method 2. 
 

 

 
    Fig.12b- Full Bridge Wireless charging 
 
 

       4.  Wireless UAV Charging Process 

An experiment conducted where UAV acts as host and it’s considered as a surveillance drone which falls in the 

heavy payload category. The drone will be powered by a 3s 2p 1500 mAh9 Li-Po battery pack. Considering a 

very conservative and safe charging rate of 1C, battery pack is charged to 1.3A. 

Calculations of required power parameters: 
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         Required charging Voltage = 3*4.2V  

                                                   = 12.6V 

To keep a buffer range and to counteract the unreliable contact distance between the base charging station and 

the UAV charging secondary winding will maintain the output voltage at 13V. Also, to ensure a long and safe 

battery life battery pack is charged by a current value which has a rate of 0.86C of nominal value i.e. 1.3A. 

 

         Charging current = 1.3A 

       Required Output Power = 13V * 1.3A 

                                               = 16.9 W 

The kind of input voltage i.e. the voltage fed to the base charging station is of little importance as 

far as it does the job of providing with the above output power requirements. A power source of 

48V/ 2A is used in this case due to the fact it is one of the standard available SMPS power supply. 

 

     5. Conclusion 

 
In this paper, the scope of wireless charging for unmanned aerial vehicles (UAV) such as Drones is 

discussed using 3 methods, one using WPT module & another one without using it. In method 1, 

basic theories of WPT and analysis based on distance between transmitter and receiver is discussed 

for various voltage values. In method 2 the module replicated but by using a flyback transformer, 

discrete electronic components and a generic microcontroller. The microcontroller used makes this 

entire method completely open source and highly customizable. The edge, method 2 gives over 

method 1 is that the dependence on a commercial wireless charging module is completely removed. 

However, method 2 prevents us from completely utilizing the ferrite plate core. Hence method 3 can 

be executed to overcome this issue. Hence, charging stations can be used by drones for recharging 

and also routines tasks of drones can be finished accordingly. After a short time of charging, drones 

can repeat the mission again. 

 

 

 

            6. References 

 
 [1]  Kadir Alpaslan Demir1, Halil Cicibas2, and Nafiz Arica3, “Unmanned Aerial Vehicle Domain: 

Area  of research”. Defence Science Journal, Vol. 65, No. 4, July 2015, pp. 319-329, DOI : 

10.14429/dsj.65.863. 

 [2]   Eyes of the Army U.S. Army roadmap for unmanned aircraft systems 2010-2035. U.S. Army 

UAS Center of Excellence. 

 [3]   Unmanned Aircraft System Service Demand 2015-2035, U.S. Department of Transportation, 

John A. Volpe National Transportation Systems Center, Technical Report, DOTVNTSC-DoD-13-

01, September 2013. 

 [4]  Integration of civil unmanned aircraft systems in the national airspace system roadmap. US 

Department of Transportation, Federal Aviation Administration, First Edition, 2013. 

 [5]  Unmanned systems roadmap, 2005-2030, U.S. Office of the Secretary of Defense, 4 August 

2005. 

 [6]   Ericsson, L. Overarching Interoperability Profile. U.S. Army Unmanned Aircraft Systems 

(UAS) and Common Systems Integration (CSI). 2006. 

 [7]  IEEE Computer Society, IEEE Guide for Information Technology System Definition Concept 

136

Technium Vol. 3, Issue 1 pp.128-137 (2021)
ISSN: 2668-778X

www.techniumscience.com



of Operations (ConOps) Document, IEEE Std 1362-1998.  doi: 10.1109/IEEESTD.1998.89424. 

 [8]  Canada National UAV mission training concept. The Canadian Centre for Unmanned Vehicle 

Systems. BM022a_P-0170-07, 7 January 2011. 

 [9]  J. Seo, L. Duque, and J. P. Wacker, Field Application of UAS-Based Bridge Inspection, 

Transportation Research Record, vol. 2672, no. 12, pp. 72–81, Jun. 2018. 

[10]  X. Liu, L. Gao, Z. Guang, and Y. Song, A UAV Allocation Method for Traffic Surveillance in 

Sparse Road Network, Journal of Highway and Transportation Research and Development (English 

Edition), vol. 7, no. 2, pp. 81–87, Jun. 2013. 

[11] Cavett, D.; Coker, M.; Jimenez, R. & yaacoubi, B. Humancomputer interface for control of 

unmanned aerial vehicles. In Proceedings of Systems and Information Engineering Design 

Symposium 2007. SIEDS 2007, IEEE.  doi:10.1109/SIEDS.2007.4374.  

[12] Piotr Kardasz1, Jacek Doskocz2, Mateus Hejduk3, Pawel Wijkut4 an Hubert Zarzycki4, 

“Drones and Possibilities of their using” .http://dx.doi.org/10.4172/2165-784X.1000233. 

[13] Kadir Alpaslan Demir*, Halil Cicibas#, and Nafiz Arica!, “Unmanned Aerial Vehicle Domain: 

Areas of Research” , Defence Science Journal, Vol. 65, No. 4, July 2015, pp. 319-329, DOI : 

  

[14] Niculescu, F., Claudia Borzea, Adrian Savescu, Andrei Mitru, & Mirela Letitia Vasile. (2020). 

Automation and Electronic Control of Marine Gas Turbine Engine for Ship Revamp. Technium: 

Romanian Journal of Applied Sciences and Technology, 2(4), 98-108. Retrieved from 

https://techniumscience.com/index.php/technium/article/view/923 

[15] Lungu, C. V., & Hnatiuc, B. (2020). Simulation of power supplies used for nonlinear electrical 

discharges. Technium: Romanian Journal of Applied Sciences and Technology, 2(1), 79-84. 

Retrieved from https://techniumscience.com/index.php/technium/article/view/45 

[16] Hudișteanu, S. V., Popovici, C. G., Verdeș, M., Ciocan, V., & Țurcanu, F. (2020). Case study 

on the efficiency improvement of photovoltaic panels by cooling. Technium: Romanian Journal of 

Applied Sciences and Technology, 2(1), 85-90. Retrieved from 

https://techniumscience.com/index.php/technium/article/view/46 

[17] Susany, R., & Rotar, R. (2020). Remote Control Android-based Applications for a Home 

Automation implemented with Arduino Mega 2560 and ESP 32. Technium: Romanian Journal of 

Applied Sciences and Technology, 2(2), 1-8. Retrieved from 

https://techniumscience.com/index.php/technium/article/view/231 

[18] E-Agriculture in action: Drones for agriculture. http://www.fao.org/3/I8494EN/i8494en.pdf. 

[19] Daniele Giordan, Marc S. Adams, Irene Aicardi, Maria Alicandro, Paolo Allasia, Marco Baldo, 

Pierluigi De Berardinis, Donatella Dominici, Danilo Godone, Peter Hobbs, Veronika 

Lechner, Tomasz Niedzielski, Marco Piras, Marianna Rotilio, Riccardo Salvini, Valerio 

Segor, Bernadette Sotier & Fabrizio Troilo , “ The use of unmanned aerial vehicles for engineering 

geology applications. Springer: Published: 01 April 2020. 

 

137

Technium Vol. 3, Issue 1 pp.128-137 (2021)
ISSN: 2668-778X

www.techniumscience.com

https://techniumscience.com/index.php/technium/article/view/923
https://techniumscience.com/index.php/technium/article/view/45
https://techniumscience.com/index.php/technium/article/view/46
http://www.fao.org/3/I8494EN/i8494en.pdf
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-1
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-2
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-3
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-4
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-5
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-6
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-7
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-8
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-9
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-10
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-11
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-11
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-12
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-13
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-14
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-15
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-16
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-16
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-17
https://link.springer.com/article/10.1007/s10064-020-01766-2#auth-18
https://link.springer.com/article/10.1007/s10064-020-01766-2#article-info

