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ABSTRACT: This research describes a resonance principle based low power Wireless 

Power Transfer (WPT) system. The reflective impedance model is derived to evaluate 

the resonance coupling between coils. Additionally, a Cockroft-Walton voltage boosting 

circuit is incorporated to boost up the received voltage to the appropriate level, instead of 

using traditional conditioning circuits. The prototype model, operating at 130 kHz, is 

demonstrated experimentally and analysed graphically to validate the performance of the 

designed circuit. For an overall span of 100 mm coil separation distance, a maximum 

efficiency of 60% with no load and 36% with loaded system, is observed at a distance of 

55 mm with approximate (e.g., manual) axial orientation of coils. It can be supported 

widely for portable electronic products and biomedical devices. As an added 

contribution, the WPT circuit was enabled by a password security feature using an 

Arduino microcontroller.  

ABSTRAK: Kajian ini menerangkan sistem tanpa wayar (wireless) berkuasa rendah 

berasaskan prinsip resonans pemindahan kuasa (Power Transfer (WPT)). Model pantulan 

rintangan telah dihuraikan bagi menilai resonans antara dua gegelung litar. Selain itu, 

litar peningkatan voltan Cockroft Walton turut digunakan untuk meningkatkan input 

voltan pada tahap sesuai, tanpa mengguna pakai litar tradisional. Prototaip model pada 

operasi 130 kHz, telah diuji secara eksperimen dan dianalisa secara grafik untuk menilai 

prestasi litar yang dicipta. Bagi  span keseluruhan 100 mm jarak pemisahan gegelung, 

kecekapan maksimum 60% tanpa beban dan 36% dengan beban sistem telah 

diperhatikan pada jarak 55 mm berdasarkan anggaran (secara manual) pada orientasi 

paksi gegelung. Kajian ini sesuai digunakan secara meluas pada produk mobil elektronik 

dan peranti bioperubatan. Sebagai sumbangan tambahan, litar WPT telah diaktifkan 

dengan ciri keselamatan kata laluan mengguna pakai sistem pengawal mikro Arduino. 

KEYWORDS: wireless power transfer; resonant frequency; refelective impedance; microcontroller   

1. INTRODUCTION  

Wireless Power Transfer (WPT) consists of energy transfer from any appropriate 

source to an energy consuming device without the use of wires or conducting material. 

Wireless power transmission has received special attention recently for the 
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implementation of low-cost and low-power batteryless operated sensors. The development 

of portable devices in the digital world has increased the demand of battery-less gadgets. 

Devices are usually powered through cables, or any other conductive material, from wall 

outlets or other power sources such as battery cells. These existing methods may not be 

feasible choices in certain applications while battery use eventually requires replacement 

of exhausted batteries. Batteryless technology is a favourable method for powering 

electronic gadgets without the use of wires or cables. WPT technology is emerging as an 

essential companion to the handheld portable products of the very near future. WPT is 

realized through an electric field called a capacitive coupling or a magnetic field inductive 

coupling. The magnetic field coupling based wireless power transfer was historically 

conceptualized in 1891 by Nikolas Tesla [1]. However, its practical application has only 

recently appeared to satisfy the needs of emerging field applications and the devices of the 

portable digital world.  

The inductively coupled resonance WPT has numerous benefits, such as being simple 

in construction, omnidirectional, non-radiative, effective for midrange power transfer, and 

losing minimum power [2]. In theory, inductive and capacitive coupling modes are 

popular methods to transfer power wirelessly. The capacitive coupling has many 

limitations and could be used for very limited applications as compared to the inductive 

coupling [3]. The inductive coupling technique has been used in many low power 

applications [4]. There are three modes that are commonly used for WPT, such as 

inductive coupling for short range, resonant coupling for mid-range, and electromagnetic 

coupling for long range [5]. The coils are resonated at a resonant frequency, maximizing 

power transfer to devices at locations by few centimeters away.  

As per the application requirement, the geometry of the inductor coils can be diverse 

and the shapes can also vary, from circular, to rectangular or square [6, 7]. The use of the 

resonant technique in WPT to charge the devices at close proximity is a low cost feasible 

technique [8, 9]. At resonance, two coupled circuits will oscillate at a particular frequency 

referred to as resonance frequency through an impedance matching technique [10]. A 

resonant based WPT system integrated with the digital controller can make up an 

innovative approach. Earlier studies focused on addressing the primary objective of 

increasing power efficiency through shortening coil separation distance [11]. Existing 

systems do not contain any provisions to control the power transfer between transmitter 

and receiver coils.  

In real time applications, a WPT system without control units will supply power to the 

remotely connected load at times when power transfer is not needed [12]. These kind of 

systems are not sustainable and lead to the unnecessary power wastage and increases the 

demand for increased power supply. This can be avoided when any kind of controlling 

mechanism is provided in the transmitter circuit for controlled transfer of power between 

source and load coils. The usage of microcontrollers is a well-known technique to 

facilitate the controlling prospects. The system, comprising of both a WPT and a digital 

controller, is referred to as an integrated system. This integrated system also serves many 

purposes including cost reduction, improved protection, and centralised monitoring [13]. 

Hence, a password-based digital controller was combined with WPT, making it a more 

attractive technique for biometric authentication embedded with distinctive biological 

features [14].  

This paper is organized as follows: Section II describes the theory of reflective 

impedance involved in the WPT. The complete design details of WPT with password 
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protection are explored in Section III. Consequently,  the findings of the experiments and 

its validations are presented in Section IV. Finally, the conclusion is drawn in Section V. 

2. CIRCUIT THEORY BASED WPT MODEL USING REFLECTIVE 

IMPEDANCE 

Figure 1 depicts the electrical equivalent circuit for the WPT system and it can be 

represented in matrix form by assuming voltages and currents in r.m.s values,   
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Fig. 1:  Electrical equivalent circuit. 

The source and load coil inductances and resistances are represented as SCL , LCL , SCR   

and LCR . The value of SR , LR , 1C  and 2C  represents source resistance, load resistance, and 

loading capacitors of source and load circuits, respectively. When two coils placed in the 

critical coupling mode, the coupling factor k can be represented as, 
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mutual induction, oscillating angular frequencies of source and load coil are defined as,  
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Capacitors 1C  and 2C  are added to each side and tuned appropriately. Both coils will 

oscillate at an angular resonance frequency CL/ Coil1 . Then, maximum power 

transfer takes place from source to load coil in the critical coupling mode. At the resonant 

condition, conventional Figure of Merit (U) of the complete circuit is written as,  

LSQQkU                           (4) 
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Hence, intensity of magnetic field established in the source coil shall be improved by 

the value of the Q factors. These values are very appropriate to significantly increase the 

efficiency and maximum achievable efficiency can be represented as, 

 2211 U

U
Opt


                                            (5) 

Rather than this conventional method, Circuit Theory (CT) based analysis is more 

appealing because of characteristics of straightforward mutual inductance calculation [9]. 

Figure 2 illustrates the simplified reflected impedance model for the electric 

equivalent circuit of WPT shown in Fig. 1. Let us consider refR , sZ  and SCM  are 

representing the reflected impedance from load to source loop, source side total 

impedance, and mutual inductance, respectively. Under resonance state, the impedance 

reflected from load to source coil is referred as reflective impedance.  

 

 

Fig. 2: Simplified reflective impedance model. 
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Equations (7) and (8) represent the conditions for maximizing the power transfer 

efficiency and hence power received at the load with respect to SLM  and LR . With the 

above equations, and transfer power related with reflected impedance can be drawn easily. 
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Equations (9) and (10) represent the optimized equations for achieving maximum 

efficiency and power.  

Figure 3(a) shows the measurement of the coupling factor as a function of coil 

separation distance, with an applied input voltage of 5 V. The system is tested with three 

different coil sizes of 20 mm, 25 mm, and 30 mm. It is observed that the coupling factor 

(k) achieves almost unity for the 30 mm sized coil for less than 10 cm of coil separation 

distance while it achieves a 0.2 coupling factor when the coil separation distance reaches 

70 cm. In general, the inference made is that the coupling factor (k) decreases as the coil 

separation distance is increased. Similarly, Fig. 3(b) shows the measurement of output 

voltage as a function of coupling factor. The output voltage is measured by varying the 

coupling factor from 0.1 to 1 in both simulation and experimental analysis. The coupling 

factor is calculated through the formula
S

L

Q

Q
k  , where SQ and LQ are the quality factor 

of source and load coils respectively. Hence, the coupling factor is inversely proportional 

to the distance of coil separation between source and load coils. In other words, increasing 

the separation distance reduces the coupling factor, and vice versa. 

  
(a) (b) 

Fig. 3:  (a) Measurement of coupling factor as a function of coil separation distance 

with different coil sizes (b) Simulated and experimental measurement of output voltage 

as a function of coupling factor for no load and load conditions. 

Subsequently, it can be observed that the output voltage gradually increases as 

coupling factor is increased, for both the simulated and measured results. However, the 

simulated output voltage increases rapidly, reaching a maximum of 4.5 V at the resonant 

coupling factor k=0.95, while the measured output voltage produces 3 V only for the same 

resonant coupling factor under no load condition. This is due to several factors such as the 

component tolerance levels, accuracy of winding of coupled coils, quality factor of coils 

and, most importantly, the accuracy of coil orientation, all of which add an element of 

uncertainty to the obtained results. Furthermore, the simulated output voltage increases 

gradually, reaching a maximum peak of 4 V at resonant coupling factor k=0.95, while the 

measured output voltage produces 2 V only at the same resonant coupling factor under 

loaded condition. Thus, only 60% and 40% of the output voltage has been achieved 

experimentally as compared to simulation, both under no load and loaded conditions. This 

is due to fact that the experimental results exhibit uncertainties in the measurements as 

compared to the simulation results. 
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However, this could be further improved through the use of more reliable components 

with less tolerance levels and using motorized setting for accurate coil orientation. 

Furthermore, it is observed that the optimum peak voltage of 2.25 V and 1.25 V occurs at 

the resonant condition with a coupling factor of 0.6 under no load and loaded condition. 

This is equivalent to 25 cm of separation distance for a 30 mm sized coil. Hence, it can be 

concluded that the system with the coupled inductive coils provides an optimum power 

transfer efficiency under the resonance coupled condition. 

3.   DESIGN OF WPT SYSTEM WITH PASSSWORD PROTECTION 

 

Fig. 4: Hardware block diagram of a wireless power system with password security. 

A simple and cost-effective integrated wireless power transfer system embedded with 

password authentication features is shown in Fig. 4. The whole system is resonated at a 

frequency of 130 kHz and a separate password security digital module is developed to 

control the frequency of generator circuit. The password protection system provides a 

degree of user control, in which only an authorised user can activate the system. Upon 

entry of the password, the transmitter module is activated and the transmitter coils get 

coupled to receiver coil at resonance. In resonance mode, both transmitter and receiver 

circuits are tuned into a common frequency, thus maximizing power transfer. The voltage 

across the receiver coil is rectified as dc and will be used as a appropriate power for the 

target IC as load. The IC 555-based square wave generator in Fig. 4 is designed and 

operated at resonant frequency. The DC input supply is converted into AC pulses to excite 

the transmitter coil for generating the required magnetic field. The receiver coil, under the 

influence of the magnetic field, then induces a voltage, and is hence able to deliver AC 

voltage across it, making power ready to be harvested. The harvested voltage is passed to 

the conditioning circuit and rectifier, converting it back to DC voltage for use by the load 

circuit.  

The hardware circuit of the frequency generator shown in Fig. 5 comprises of a 555 

timer, MOSFET switch and two NPN transistors. As mentioned earlier, the square wave 
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output generated from 555 timer is applied to the MOSFET switch for conditioning and 

stabilizing purposes. It means that the stable alternating pulses are generated to trigger ON 

and OFF NPN transistors thus exciting the transmitter coil in a pre-determined sequential 

manner. The purpose of two transistors is to provide the good driving capability for 

developing appropriate voltage across the transmitter tank circuit. Pin.3 of the IC 555 

provides the functionality of an external trigger.  

 

Fig. 5: Resonant frequency generator circuit. 

In order to enable the successful power transfer, the coil inductance deciding the 

performance of the system, is determined using Wheeler’s formula [15]:  

                                                      (11) 

Where, L = self-inductance in µH; a = inner radius of coil in meter; b = outer radius 

of coil in meter; l = length of coil in meter; and n = total number of turns. The inductance 

of the coil inductor is calculated with the parameters listed in Table 1 is, 

 

Table 1: Coil parameters in the coil designs. 

Self-Inductance 

( µH) 

Inner radius 

(m) 

Outer radius 

(m) 

Length 

(m) 

15.177 0.031 0.035 0.006 

 

In addition, a special Cockroft-Walton (CW) voltage boosting converter is adopted in 

this design to convert harvested AC voltage across the receiver coil into desired DC 

voltage, by boosting the received output voltage. This circuit is constructed using voltage 

multipliers along with conditioning capacitors and uni-directional diodes as of Fig. 6.  
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Fig. 6: Simulation diagram and the measurements of Cockroft Walton 

voltage boosting circuit. 

An experimental setup of an Arduino microcontroller-based WPT system integrated 

with password security functionality is shown in Fig. 7. The resonant frequency for the 

transmitter module is authenticated by a password security system using the Arduino 

processor. The trigger control signal generated by the microcontroller is connected to pin.3 

of the IC 555 timer-based oscillator circuit. The oscillator will generate the resonant 

frequency when the password is entered through the keypad. Then, the power is harvested 

by the receiver coil under resonant coupling mode through the microcontroller which 

initiates the control signal to trigger up the transmitter module and thereby achieve 

wireless power transfer. In this work, a new feature of authentication technique based on a 

microcontroller is adopted. The developed system has a significant feature of password 

protection integrated with the wireless power transfer system. 

 

 

Fig. 7: Experimental setup of password security based WPT system. 
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4.   RESULTS AND DISCUSSION 

The developed lab test bed WPT system is evaluated and analysed using two 

experimental set-ups. Both experiments are conducted using the coil of diameter of 7 cm 

with 0.5 initial air gap by applying a 5 V input voltage. The efficiency of the designed 

system in terms of voltage is measured using two parameters: coil separation distance in 

axial and radial orientations. It is experimented through the setup of two same sized 

stationary coils oriented in parallel planes to each other.  

 
Fig. 8: Measurement of output voltage with respect to coil separation distance.  

The first test is carried out to measure the output voltage with respect to the coil 

separation distance. The transmitter coil is fixed and receiver coil is moved axially apart 

over a span of 100 mm. The measurement of output voltage at the receiver end as a 

function of distance is conducted using a meter ruler placed horizontally along the axis of 

the coils and then the receiver coil is moved in 10 mm steps axially. Initially when the coil 

separation is kept at its minimum (10 mm), the system is able to harvest the maximum 

voltage of 4.5 V under loaded condtion and 4.8 V under no load conditions. Subsequently, 

the harvested voltage across the load gets decreased gradually as the coil separation 

distance increases for every 10 mm of incremental step. Furthermore, it can be observed 

from results in Fig. 8 that the output voltage with load decreases at a faster rate compared 

to the output voltage at no load condition for the same coil separation distance. This test is 

performed by keeping the fixed value of resonant frequency at 130 kHz. The optimum coil 

separation distance is observed to be between 50 - 60 mm over a span of 100 mm.  The 

output voltage obtained, at this optimum coil separation distance, is 3.1 V and 1.8 V with 

an efficiency of 62%, and 36% at the receiver, under no load and loaded conditions 

respectively as shown in Fig. 8. 

Max. Efficiency (loaded condition) = (1.8 / 5)×100 = 36%. 

Max. Efficiency (No load condition) = (3.1 / 5)×100 = 62%. 

The second experiment is conducted to estimate the power transfer efficiency in terms 

of voltage ratio under the non-orientated configuration. Here, the coils are not aligned 

properly as the load coil is placed radially above the source coil with the constant radial 

0 10 20 30 40 50 60 70 80 90 100
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

 Distance [mm]

 O
u

tp
u

t 
V

o
lt
a

g
e

 [
V

]

 

 

No load condition

loaded condition



IIUM Engineering Journal, Vol. 18, No. 2, 2017 Nataraj et al. 

 126 

distance of 10 mm and applied input voltage of 5 V. Initially, the coils are fixed with the 

phase angle of 90 degrees, which produces the zero distance between the coils. 

Subsequently, the receiver coil is moved apart from the source coil in the z-direction with 

a maximum distance of 70 mm to measure for effective power transmission. This 

measurement of output voltage is performed under load and no-load conditions as shown 

in Fig. 9.  

 

Fig. 9: Measurement of voltage ratio with respect to the distance in axial direction. 

It is observed that the voltage ratio is almost zero until a distance of 20-25 mm, which 

means that the receiver coil is out of phase with the source coil so that no voltage is 

harvested at the receiver end. Subsequently, the receiver coil is moved axially, which will 

reduce the phase angle indirectly and hence output voltage is harvested at the receiver end. 

From the plots shown in Fig. 10, it is observed that the maximum output voltage is 

achieved at an intersection distance in the range of 50-60 mm and then gradually decreases 

as the coil is parted from the source coil, i.e., non-oriented coil configuration. 

5.   CONCLUSION 

        A newly integrated, password embedded security protection system for WPT 

application is presented. The design utilizes an Arduino microcontroller for password 

security implementation. The controller controls the resonant switching frequency of the 

transmitter coil for effective flux linkage and power transfer between coupled coils. In 

order to analyze the coupling strength between coils for improving efficiency, two distinct 

efficiency measurements, as a function of coil separation distance with two coil 

configurations, are performed experimentally. The wireless power system controlled by 

digital controller is the unique feature of this work. The performance of the constructed 

integrated system is effectively demonstrated through the prototype built. The 

experimental results confirm the effectiveness and good performance of the design, 

achieving maximum efficiency of 62% in an ideal case at a distance of 55 mm. The results 

are in line with those of [16] where power declines beyond critical value of coupling 

coefficient. 
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