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Wireless Power Transmission in Wireless Sensor
Network- A solution to the power constraint

Tanbir Ibne Anowar and Dr. Mohammad Ghanbarisabagh

Abstract— One of the major facts in Wireless Sensor Network (WSN) is its power constraint. In many critical cases, like sensors in hot oil
pipe-lines may require urgent data from a selected node while the node is not waking up due to unhealthy battery life. Inductive coupling
phenomena between two coils can easily solve it by wirelessly charging the previously placed coil inside that sensor. Wireless Power
Transfer can be the solution on this concern. There are many alterable and unalterable factors that can govern the efficiency of Wireless
Power Transfer. High Radio Frequency in lower coil radius with simple magnetic radiation mechanism can successfully transmit the power
within a short distance at low cost. After pre-tuning resonant frequency, the optimum power transfer is possible through a constant
efficiency in a short distance between nodes. Multi hop nodes can easily share the power from the source as well. A sensor can be placed
anywhere when necessary, in that case the primary supply must be questionable and can be solved through the renewable energy.

Index Terms— Coupling coefficient, Impedance mismatch, Mutual inductances, Neumann’s formula, Resonance, Wireless Power

Transferand Wireless Sensor Network

1 INTRODUCTION

Modern days are coming wrapped with a soft bound of
simplicity and an awesomeness of fabulous technology.
Wireless Power Transfer (WPT) used in a charging unit
[1] brings the beauty in heathers as a little hope for the possibili-
ties of far field coupling mechanisms. Starting with a conven-
tional theory of Faraday’s Law of Magnetic induction along
with simple calculation of Neumann'’s formula can lead the pro-
spective technology to low cost commercial goods through sim-
ple circuit construction. In this paper, we focused on the simple,
low cost construction of a charging system providing a concept
of using renewable energy in a mostly power constrained appli-
cation (e.g. Sensors). Using Magnetic coupling in a resonant
circuit is widely used for its beneficiary significance of wireless-
ly power transfer capabilities. From the last decade a huge
work has been done in progress of WPT, Different methods has
brought into the operations of WPT understanding the coupling
between subsequent transmissions of wireless power. Besides
the small equipment charging, WPT electrical vehicles as well as
electric trains and robots are also capable of charging wirelessly
[2-9].
According to the practical analysis, it is clear that the design is
suffered for some common reasons. In [10], describes the practi-
cal dependences of end to end efficiency of magnetically cou-
pled resonators. Achieving a good coupling coefficient with a
large air gap depends on many important features. Impedance
matching [11] is one of the great issues. In [12-16], these papers
focus on the improved efficiency analysis depending on the
coupling coefficient relating with air gap. In [17], they propose a
power distribution analysis by matching the impedance be-
tween the multi-coils. The paper [18], focuses on WPT consider-
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ing the coil misalignment cases and successfully determine the
effect over efficiency with an experimental verification. Into the
WPT, basic problem can be indicating as the separation of coils
where the electrical power is transferring along with the man-
ageable efficiency. According to the recent study, WiTricity was
proposed the theoretical implementation in 2007. The efficien-
cies are above approximately 50% within the distance of 2m
[19]. In [17], they have calculated the imaginary value of the
reactive powers which is then balanced by other reactances pre-
sent in the circuit. According to the calculation, for a single re-
ceiver (Secondary coil) will experience a greater reactive power
if the impedance mismatch factor is not wisely handled.

From recent works on WPT, We can introduce the method of
wireless power transfer in three typical methods. (i) Coupled
mode method (ii) Band-Pass Filter Method [20] and (iii) Equiva-
lent circuit model. (Figure: 1) In [21], authors have calculated
and proposed a band pass filter representation which is being
analyzed considering the range between the pass bands, In [22],
A method of introducing an intermediate coil between the
transmitting and receiving coils is proposed where this concepts
can be installed for a long transmission of WPT, also in [10],
there method was a frequency tuning method for the optimum
efficiency. (It can be proved theoretically by following to the
solution of Helmholtz equation [23] relating angular frequency
and magnetic field intensity). In the following papers[17, 24],
authors have proposed a power division method by matching
the impedance between coils. In this paper we have done the
WPT with an experimental as well as simulation analysis using
weakly coupled (k=0.011) inductive coil using the Neumann's
formula equation (1).

Major concern is given to the impedance mismatch factor as
well as the coil alignment cases for getting maximum distances.
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2 WIRELESS POWER TRANSFER CHALLENGES

2.1Introduction

Wireless power transmission has an enormous prospect on
commercial and domestic uses. Power transmission on electric
vehicle is studying widely and come to a successful through-
put in this field. The basic problems on this type of transmis-
sion are the separation distances between the coils, coupling
phenomena, resonant frequency, quality factor, coils radii, coil
alignments etc. Different types of method used to determine
the efficiency and maximum separation distance.
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Fig. 1: An equivalent circuit model of inductive coupling cir-
cuit.
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Also a new method of distribution power in receiving coils is
discussed in [24]. Although the methods are very similar and
the exact analysis of impedance inverters but the main prob-
lem is neglecting cross coupling between the multi receivers,
which is not ignorable, while a sufficient numbers of receiver
will be used along with multi repeaters. Another major prob-
lem is, the model is depends on coupling co-efficient and eve-
ry time the tuning required for changing distance between
transmitter and receiver coils, so that for a practical implemen-
tation, auto tuning capabilities are required. In this paper, (Fig:
2) renewable energy is being stored into a DC battery to sup-
ply for the RF oscillator circuit after proper biasing (RF ampli-
fier|circuit is required and used).

N/

B |U|| | i

Load (Charging wirelessly)

PV array

Battery RF Oscillator RF Amplifier Wireless transmission

via inductive coupling

Fig. 2: Basic block diagram of WPT.

An equivalent circuit model is analyzed and calculated the
parameters for impedance matching as well as proper reso-
nance. The application is primarily designed for the wireless
sensor networks, as the sensors are low consumed power and
at the same time energy constrained. But the similar analogy
can be established into the other charging systems for the rat-

1581
ed or pick up current.

2.2 Issue on WSN

Considering the applications, Wireless Sensor Network suffers
the continuous power constraint. Different types of mode and
distribution of clustering technique has brought with the con-
cern of power management in a small sensor. Wireless Sensor
Network (WSN) is a robust technology based on Wireless
Networking without any infrastructure. The back bone of
WSN belongs to the Wireless Ad hoc Network, following IEEE
802.15.4 Low rate WPAN Standard [25]. Unlike wired or wire-
less infrastructure based network, which can be categorized by
different topology, WSN structure is very much depends on
application based. Basic advantage of WSN is its feasibility of
working in rough environment. The Sensor nodes (which is on
average known as ‘mote’) are typically consists of a micropro-
cessor, digital radio, sensing unit and power supply [26]. In
case of power assumption issue in WSN, many algorithms
have been studied depend on application of establishing
WSN. For an example, the idea of on demand schemes [27],
scheduled rendezvous schemes [28, 29], asynchronous
wakeup schemes [30] or the idea of selective communications
or any type of wake/sleep schemes [31-33] are performed suc-
cessfully for low power stability and cost. According to some
of short discussion over Wireless Sensor Network it is clear
that, an entire system is facing a short and limited capacity
due to the power supply only. Fig: 3, is illustrating a new con-
cept of distribution of power through WPT to the sensors
where there is no other way of contact with the sensors after
establishing. Using the multi receiver it is possible to transmit
power through the intermediate nodes [34].
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Fig. 3: Conceptual model of WPT in WSN.

2.3 Proposed Model

For the maximum efficiency, usually the typical steps are
Impedance matching, Loss-less property of resonators,
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resonant frequency, Power generated at the primary coil,
coupling co-efficient and Mutual inductance etc. Selection of
perfect load impedance for the available transmitted power
from the primary coil is also important for the practical
analysis. Now, the Neumann’s Formula can be derived from
the fundamental Biot-Savart’s Law,

x5 NGNS dl, dl, 1)
Lo =50 =2 § §——"2
472— cicz R

where, L12 is the Mutual inductance, N1 and N2 is the coil
turn number primary and secondary coils respectively, dI1
and dI2 are the differential length of coils primary and
secondary side respectively and ‘R’ is the separation between
two coils). Mutual inductance (L12) between coils can easily be
achieved by the above formula again the relation between
coupling coefficient and the mutual inductance can be found

as;

M, = Kk,+/ L L

12 12 TX —RX (2)

Where, k12 is the coupling coefficient, M12 is the mutual
inductance; L1 and L2 are the inductance in Primary and
Secondary side respectively. Coil designed is being done by,

L, = Nzyor(ln(f:j—msj ®)

Where, ‘L0’ is the desired resonant coil inductance, ‘N’ is the
turn number, ‘r’ is the coil radius and ‘a’ is the pitch of coil.
Choice of taking equal amount of inductance both primary
and secondary sides will make an easy way to determine the
impedance matching in both sides. That is, we will now focus
on the resistive and capacitive impedances. Unless tuning the
capacitance, it is required to tune the resonant frequency so
that the coil on both sides will resonate at same frequency and
the efficiency will be high.

Fig. 4: An equivalent circuit model of a Wireless Power
Transfer circuit.

Neumann’s formula derived from the conventional Biot-
Savart’s law is a key to measure the mutual inductance.
Efficiency for using two coils can be derived as,

P A
n =—(100%) = ——™—(100%)
PTX 4RT>< RRX ITX (4)

Here, n is the efficiency of power transmission, ‘Prx” and ‘Prx’
is the power at receiving and transmitting side. Here, induced
voltage on the secondary side can be designed as,
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Where, ‘Vind’ is the induced voltage at the secondary side. ‘a’
and ‘b’ is the coil radius of primary and secondary sides
respectively,  is the resonant angular frequency.

It can be stated from the faradays law of magnetic induction.
Finally the efficiency becomes,

_ o’z ugNf Ng a‘b’

" I6R, R, (@2 +a2f

(100%)

©)
Now, this formula only gives a complete concept of the factor
depends on the efficiency. Clearly, n depends on the factors

derived on coil’s parameters and resonance as well as
impedances. For any fixed coils, we can write that,

«  Ler NE NG 2"

Where, Multiplying factor, 16

Again considering the impedance matching factor, we can
take, Rx = Rrx = Z, so that, efficiency depends only on
resonant frequency, separation distance and the impedance
mismatch. In this paper 1 tried to focus on the simple
mechanism to find out the simplest and easiest way of
calculation the efficiency considering the environment of a
Sensor.

- Kw? B K
RZ+ X, X + JR(X, —X¢)d?+a?)

Z(d2 +az)3 ®)

So that, for any fixed distance,

Kl
n= -
R?+ X Xc +JR(X, —=X¢) o)
K
e
Where, Multiplying factor, d”+a )

Now, at resonant, Xr = Xc so that efficiency will become,

K,

TR X X,

(10)

Where, Xi = oLy and Xc = 1/@0Co. And the resonant
w, = / —
frequency, LoCo

From the relation, it is understood that for any change
of mismatching resonant frequency with a lower amount will
take effect of serious degradation at the efficiency though for
high ‘Q". If the deviation of the actual frequency versus
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resonant frequency becomes wider than its cutoff frequency
than there will be no power transmission through the entire
system.

Impedance matching is in WPT, the

circumstances of impedance mismatching will degrade the

evident

maximum efficiency can be discussed further with a simple
2
= X 0
network, where, 4 |SZl| 100%
_ 2jolyZ,
oLy +(Z, +2,)?

21

(11)

Where, Sz is the transmission efficiency from primary side to
the secondary sides, Zi is the load impedance, Z, is the
matched impedance in the secondary sides, Ly is the mutual
inductance and @ is the resonant angular frequency.

So that for the maximum case it can be shown that,

W22, +22-72 =0

Thus the need of impedance matching could realize from the
equation and also, LM can be chosen easily from this equation.
From the mutual inductance, coupling coefficient could be
studied easily, In this paper, the mutual inductance is found
using Neumann’s formula and found 0.16pH and the coupling
coefficient is found 0.011 (Here, we took an arbitrary data to
focus on applying the mentioned method for a distance of

Inverter, Koy

2cm).

Thus, coupling co-efficient k12 can be found from the
conventional formula on equation (2) where mutual
inductance is known by the Neumann’s formula.

Fig. 5: Impedance matching equivalent circuit diagram.

From figure-5, an impedance matching inverting is designed
which is virtually considered for the impedance matching
calculation of load and to show the coupling between primary
and secondary coils. Measured current (I; and 1) can be
expressed as,

_2Z,+2,)
Lol + (2, +2,) 12)
3 2jol,,
20l +(Z +2,)? 13)

Considering the configuration as a ‘Butterworth response’,
low pass filter equation can be achieved which gives rise to the
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following equations:

K 2
Ko = .
Row, L,
(14)
K%
5 TR o L
LB (15)
K, = K
@y4/LiL,
(16)

Where, From above equation ki and ko are the coupling
coefficient between Lo; to primary coil and Ljs to secondary
coil respectively. k1> is the coupling coefficient between the
primary and secondary coils. Ro and Ry are the input and
output impedance (Which is considered same ‘R’). C; and C,
are the coupling capacitor for the coils to be resonance at the
resonant frequency, .

Now, Coupling coefficient k1> is found, k1> = 0.011, for the
impedance inverter design we consider, k12 = ko1 = k23 = 0.011
and found the characteristics impedance, K01 and K23 are
equal and same, 25.61Q (cause, Ro and Rp. are considered
same).

3 RESULTS AND DISCUSSION

In this paper, the proposed concept of mitigating the power
constraint problem in Wireless Sensor Network come up with
two coils surrounding each of the node. Two coils can conduct
at the same time and transfer power continuously. Most pow-
er constrained node can send data to the cluster head by send-
ing additional flag message and thus the power transmission
will begin. Actual power will be cultivated from the renewable
sources like solar power. After getting voltage from PV (Pho-
to-voltaic) solar array, precisely +12 V is maintained through a
voltage regulator. We used a current controlled amplifier to
biasing the incoming voltage. When biasing is done, an RF
oscillator circuit should be made with 13.56 MHz of resonant
frequency. We used a ‘Hartley oscillator’ circuit to produce RF
frequency of 13.56 MHz (Amplification of the output of RF
oscillator circuit must be done with an RF amplifier circuit)
which is not necessary to produce an extra burden for the sen-
sor nodes (Typical RF used on the Sensors is 13.56 MHz). Im-
pedance matching network is a pre-calculated for setting ca-
pacitance and resistance for the constructed coils (Primary and
secondary). According to the objectives, sensors must be de-
signed along with the two coils on both sides
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Fig. 6: Step by step methodology

We use the center tapped coil as a primary coil considering
N=10 with a low coil radius (3.5 cm). Considering the low ‘Q’
(5.5) the simulation results found that primary coil is deliver-
ing constant current of 4 mA peak to peak and the oscillation
is stable. The stability of the oscillation in the following figure
(8) indicates the impedance matching on the primary and sec-
ondary sides.

Fig. 7: Primary coil current I (L1) and I (L2) together after 1.5
Bs

Fig. 8: Voltage found at resonant capacitance (damping condi-
tion).
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Fig. 9: Practical measurements of Magnetic Flux density

1584

(N=10, a=0.035m)

Figure 9, is a practical approach taken after the calculation had
been done. Results showing that the magnetic flux density
generated by the short circuit operation of primary coil is 0.52
mT. This is standardized by the ISO and IEC 61000 standards
for domestic and commercial uses. The efficiency versus dis-
tance curve gives an easy analytical result, which shows the
parameter distance will vary the efficiency. In this paper, the
physical construction of the prototype of wireless power trans-
fer based on WSN is studied for the separation distance of the
coils is 2cm. According to the following figure 7 and 8, we can
see the condition for the efficiency to be decreased along with
the increasing separation distance. Resonant frequency 13.56
MHz adjusted carefully after the construction of RF frequency,
from the RF oscillator, a sensitive adjustment is necessary by
changing the capacitance to achieve into the resonant frequen-
cy. It can be shown that how poorly the efficiency deviates
due to detuning.

3

Separation of two nodes in WSN, coupled by Inductive coupling

Fig. 10: Magnetic flux line sharing scenario
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Fig. 11: Efficiency versus optimum frequency curve
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Fig. 15: An output of 20mV peak to peak is found at the re-
ceiver side for 2cm of separation distances.

In this paper, wireless power transfer into the WSN can be
considered under some certain points of requirements. The
feasibility of the transmission in worst case is considered for
the entire experimental setup. But, some common facts must
be maintained for optimum case. High quality factor ‘Q" must
take under the rough circumstances to get the narrow fre-
quency width and high output for the critical frequency. In
case of a small difference of resonant frequency (Aw), Efficien-
cy drops rustically though the ‘QY’ factor is being chosen high.
Impedance matching is calculated considering the ‘impedance
inverter’ in both sides of the coupled inductors using ‘Band
pass method’. Selecting load for the paramount power transfer
is one of the key features of WPT. Choice of selecting re-
sistance confined the power at load. Coil misalignment in lat-
eral and angular misalignment could happen for arbitrary set
up of WSN nodes for the multi hop. The coupling coefficient
k12 is in between 0~1 but for the low power assumption nodes
require a strong coupling between them. Higher frequency
will lead a good system performance but sensitive calibration.

4 CONCLUSION

A new model of circuit construction is illustrated and proved
the transmission of wireless power through a small distance
with only two RF amplifiers and conventional oscillator cir-
cuit. Our proposed method consists of simple algorithm and
calculations with a cheap but efficient circuitry for commercial
aspects. Simulation results demonstrate the similarity found
by previously done practical works. A prototype was built to
prove the new simplest method. But, tuning of resonant fre-
quency through the variable capacitor was difficult and so-
phisticated. In future, a varistor could be introduced to replace
the variable capacitor. Four coils transmission technique could
be introduced for the further study for WSN.
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