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Abstract—This paper discusses the use of magnetic inductive  This paper investigates the current literature available o
techniques to recharge wireless sensor nodes. An overview of themagnetic inductive power transfer as well as a possibleitiybr

existing literature on magnetic inductive coupling between coils | tyne to make the magnetic inductive link more efficient.
is given. The coupling coefficient of a non-resonant solenoidal coil

link is determined, and it is shown that non-resonant coupling
is not a viable option. A hybrid type coil is presented, and it ) o .
is shown that the hybrid coil's coupling coefficient for similar The coupling coefficient between two magnetically coupled

II. OVERVIEW OF EXISTING LITERATURE

parameters is higher than that of a solenoidal coil. coils is given by [4]:
[. INTRODUCTION b My 1)
Wireless sensor networks (WSNs) are limited by power vV LiLso

supply. Unless externally powered, a sensor is dependent,ghere M, is the mutual inductance and is the self-

its batteries’ lifetime. While increased battery capacites jnquctances of the coils. Thus, in order to determine the
increase the sensor’s lifetime, it also increases cost &ed Scoupling coefficient between two coils, it is necessary to
Various energy scavenging techniques to recharge sensor Bgiermine the self-inductance of each coil, as well as the
teries have been investigated, ranging from convertingisei mytyal inductance between the coils. When coupled mode
vibrations [1] or thermal gradients [2] to energy, to COMVE  theory is considered, it is also necessary to determine the
ambient radio signals to energy [3]. While these techniquggi,ral frequency of the coils, as the coupling frequensy al

have great potent_ial, it has not yet been shown.that they #fuences the coupling rate. According to [5], the coupling
capable of producing enough power to supply a wireless $enge petween the coils is:

node.

Magnetic inductive techniques have distinct advantages ov K= Mo (2)
energy scavenging techniques: charging is independent of VIiLe

environmental concerns such as cloudy days, seismic stalpieorder to determine the natural frequency of a coil, the
times and days when the ambient radio signals are westkay capacitance of the coil (caused by the stray capaeitan
because of weather conditions. Another advantage of usingtween the turns of the coil) must be determined. The natura
magnetic inductive techniques rather than energy scamgngfrequency of the coil is then given by [6]
techniques is that the coils used to transmit and receiveepow 1
=
ggan é?sejxpenswe when compared to collectors such as solar 27/ Iy
Current research in magnetic inductive power transfer isThere are two coil types which are commonly used for
focused on short range power transfer, where the diametdreless power transfer: solenoid type coils and planalscoi
of the transmitting coil is larger than the distance of power
transfer. Obviously this will not be acceptable for the cage '!l: FEASIBILITY OF USING MAGNETIC INDUCTANCE FOR
a WSN where the distance between the transmitter and the WSNs
receiver is in the meter range. Despite the advantages mdusi To determine whether magnetic inductive power transfer is
magnetic inductive techniques it is not yet clear whethds it a feasible option for WSNs, a system of two solenoidal coils
indeed possible to design an inductive link that is both ieffic is investigated. The coil diameter was chosen as 3.2cm,hwhic
enough and small enough to be used in a WSN. is the same as the width of a MICAzvireless sensor node.

®)
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The number of turns was chosen as 6, which gives a height VI. CONCLUSION

of 1.4cm when using a wire diameter of Imm and a pitch of pmagnetic induction outside the strongly coupled region is
1.6mm, which is as high as a MICAz sensor node without g 5 feasible option to recharge wireless sensor node$ Wit
battery pack. A solenoidal coil with a diameter of 3.2cm hasébupling coefficients ranging in the x 10~° range for a
theoretical inductance of 1.481, a capacitance of 535fF andseparation of 1m, it is simply too inefficient to be feasible.
a centre frequency of 177MHz. The simulated results have\fgnetic induction in the strongly coupled region must stil
centre frequency of 171 MHz, which is close enough 1o thg jnvestigated before a conclusion can be made as to the
mathematical results to confirm the accuracy of the indwetan j;imate feasibility of magnetic induction as a power tfens
and capacitance. At a distance of 1m, the coupling coefticigfegns.

between the two coils i6x 10~° which is obviously too small  The theoretical results for a hybrid type coil are promising

for practical use. _ _ It is still necessary, however, to verify the results exmpenm-
If the system acts in a strongly coupled region, howevegy.

the coupling rate can be increased [5] as in (2). Although
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cations, as demonstrated above, it must still be shown wehetil] J. Pan, B. Xue, and Y. Inoue, “A self-powered sensor modiding
resonant induction is efficient enough for use in WSNSs. vibration-based energy generation for ubiquitous systemASICON

2005: 2005 6th International Conference on ASIC, Procegslimol. 1,
pp. 443-446, 2005.
IV. HYBRID COIL DESIGN [2] M. Stordeur and |. Stark, “Low power thermoelectric geater - self-
In this section a hybrid coil type is proposed: a hybrid sufficient energy supply for micro systeméiternational Conference on

fi ti f ol il d | idal coil. A b Thermoelectricspp. 575-577, 1997.
coniiguration of planar colls and a solenoidal coll. A NUMDE; 5 A paradiso and T. Starner, “Energy scavenging for teabid wireless

of planar coils are stacked in parallel with each other tanfar electronics,”|EEE Pervasive Computingol. 4, no. 1, pp. 18-27, 2005.

structure resembling a solenoidal coil. An example of a faybrf4] C. M. Zierhofer and E. S. Hochmair, “Geometric approachdoupling
enhancement of magnetically coupled coil$2EE Transactions on

coil is shown in Figure 1. In this example, the inner turns of giomedical Engineeringvol. 43, no. 7, pp. 708—714, 1996.
only the top layer is shown, and the coil was cut in half off] A. Kurs, A. Karalis, R. Moffatt, J. D. Joannopoulos, P.sFér, and

the y-axis to keep the figure clear and concise. M. Soljacic, “Wireless power transfer via strongly couplethgnetic
resonances,Sciencevol. 317, no. 5834, pp. 83-86, 2007.

The advantage of this coil type is an increased couplnrg C. R. Neagu, H. V. Jansen, A. Smith, J. G. E. Gardeniers, Mnc.
coefficient (1), because of the parallel configuration. Elwenspoek, “Characterization of a planar microcoil for iemihble
microsystems,'Sensors and Actuators, A: Physicabl. 62, no. 1-3, pp.

599-611, 1997.

N.A. Vorster received the BEng from the University
of Pretoria, where he is currently studying as part
of CeTEIS. His research interests are WSNs and
wireless power transfer.

Fig. 1. A hybrid coil

A. Mathematical verification

In order to verify the increased coupling coefficient of the
hybrid coll, single layer solenoidal coils and hybrid coilgh y
similar parameters were considered. Both types had 6 turr?®g
loop radii of 16mm, wire radii of 0.5mm and equal separatior
distances.

The solenoidal coil's inductance was determined to b ,1
and its coupling coefficient i$ x 1075. The hybrid coil’s
inductance is 9.4nH, and its coupling coefficientd$ x 10=,
which is 24 times better than for the similar sized solenoida
coil.
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V. WORK IN PROGRESS wireless sensor and actuator networks.

To determine the feasibility of using magnetic inductiv
techniques to recharge WSN nodes, much work still nee
to be done. Issues that need to be addressed include: {

« The "strongly coupled region” must be investigated. \§

« The theoretical results for the hybrid coil must be verified.

« The quality factor of the hybrid coil must be determined.



