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This paper presents an overview of the principles suitable for wireless power supply of devices with a small power input in
picocells. This means predominantly different types of small electric devices in the space of rooms. Basic principles, namely
electromagnetic induction and electromagnetic wave, are explained using examples of developed systems. Different types of
wireless power systems are compared with respect to efficiency, frequency, power, and transmission distance.
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I . I N T R O D U C T I O N

Wireless power supply (WPS) is motivated by the simple and
comfortable use of many small electric appliances with a small
power input in everyday life. WPS is being solved through a
reduction of power consumption of appliances on the one
hand and through an increase in efficiency in WPS systems
on the other hand. Nowadays, the conventional means for
power supply is by interconnecting an appliance with a
power grid socket, either for permanent power supply or for
accumulator charging. Both can be unsuitable or impractical
in some cases. The cable connection restricts the movement
of the appliance, whereas the external charger, which differs
for various appliances, is usually necessary for accumulator
charging. The main idea of WPS is delivering small electrical
appliances with a power input up to several W from such
restrictions, the implementation of a means for power
supply as a standard equipment of future buildings and the
wireless power transmission (WPT) to appliances for dis-
tances up to several meters.

The wireless power supply system (WPSS) chain consists of
a power source, a “wireless” transmission medium, an appli-
ance, and adaptors on both medium sites for securing efficient
transmission, see Fig. 1. The adaptors usually include fre-
quency converters as the frequency used for the transmission
medium is different from the frequencies that are proper for
the power source and the appliance.

I I . P R I N C I P L E S

The basic principles suitable for WPS are electromagnetic
induction (EMI) and electromagnetic wave (EMW). The tech-
nology of WPT, which adheres to the principles of WPS,
began to develop at the end of the 19th century. At the
time, Nikola Tesla tried to transmit a significant amount of
power with the help of the earth currents [1]. In the following
decades, different principles of WPT that differed in the

amount of transmitted power and the distance of transmission
were developed. A more important progress was made in
the 1960s: EMW of several GHz frequency was proposed
as a means of WPT [2] and demonstrated by powering a
small pilotless helicopter from an earthbound base [3].
Subsequently, the same principle was suggested for the WPT
from a solar collector on the earth’s orbit to the earthbound
base [4]. These concepts were followed by the development
of a special antenna with an integrated rectifier, which is
called rectenna (rectifying antenna) [5]. In the 1960s, the
concept of WPT by EMI at a frequency of several kHz for
the powering of artificial hearts was introduced as well [6].
This concept is conjoint with the advancement in high-
efficiency switched sources [7]. At the beginning of the 21st
century, the solving of WPT through free space for the power-
ing of appliances with a small power input in rooms was
started [8, 9].

The use of the introduced principles will be explained
further with examples. There are two main categories of
WPSS that are suitable for the powering of appliances with
a small power input in rooms. Two-dimensional (2D) and
three-dimensional (3D) systems can be differentiated. The
former allows the appliance to move along any surface that
has different properties in comparison to free space, while
the latter allows the appliance to move in free space. Both
the surface and space serve as a transmission medium.

A) The printed circuit board (PCB)
transformer with mobile secondary
The PCB transformer with mobile secondary is a 2D system
with the basic principle of EMI [10]. The working frequency
of this system is about hundreds of kHz and the transmitted
power ranges up to tens of W. The coupling surface, which
serves as a transmission medium, consists of multilayer PCB
arrays of transceiver coils connected to the power source.
The appliance’s receiver coil is connected to the load and
the appliance can be placed on the surface at an arbitrary
point, see Fig. 2. The system is based on an air gap coreless
transformer, which is, for better transmission efficiency,
tuned in resonance with the help of reactances connected to
the transceiver and the receiver coil.
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The 2D concept of WPS by EMI is apparently the most
developed and is used in different types of chargers. The
implementation differs in the arrangement of the transceiver
and receiver coils system [11, 12]. The purpose is to create a
relatively homogeneous magnetic field in the area of the trans-
ceiver coils and thus to decrease the dependence on the
mutual position of the transceiver and receiver coils. Mostly,
flat single or multilayer coils with different conductor levies
are used. The transceiver coils create a small facet or a
whole surface and are mostly bigger than the receiver coil.
There exist a lot of commercially available WPSS using this
concept [13, 14].

B) Two-dimensional transmission (2DT) sheet
The 2DT sheet is a 2D system with the basic principle of EMW
[15]. The working frequency of this system is about several
GHz and the transmitted power goes up to a few W (the
power delivered to the appliance is up to several mW). The
coupling surface, serving as a transmission medium, is
created by a dielectric slab waveguide with an all-metal
bottom wall, while the top wall is represented by a metal
grid, see Fig. 3. The power is coupled into the waveguide, pro-
pagates through the waveguide, and can be extracted at an
arbitrary point by the appliance with the help of a resonant
adaptor that violates the condition for power withholding in
the waveguide. The same adaptor can also be used for wave-
guide excitation.

This concept is now in the stage of basic research. Besides
excitation of the waveguide by the adaptor enclosed on its top
wall, the waveguide can be excited by a connector on its edge
[16]. The influence of the reflection or radiation at the end of a
waveguide structure and homogeneity of the electromagnetic
field has not been solved yet. Thus the received power depends
on the position of the appliance.

C) WiTricity
WiTricity, meaning wireless transmission of electricity, is a 3D
system with the basic principle of strong coupled electromag-
netic resonators with the help of EMI [17]. The working fre-
quency of this system is about several MHz and the
transmitted power goes up to tens of W. The power is

coupled through free space with the help of magnetic flux.
The flux, which is emitted by the transceiver coil, goes
through the receiver coil. The transceiver and receiver res-
onant circuits are represented by coils themselves and by
their parasitic capacities (Fig. 4).

This concept of WPT by self-resonant coils is now in the
stage of basic research. A similar commercially available
system is based on a pair of orthogonal transceiver
Helmholtz coils with a relatively homogeneous rotating mag-
netic field, which surrounds the determined space [8, 18]. The
receiver coil, which is considerably smaller than the transcei-
ver coil, is created by three orthogonal loops, which together
with the homogeneity of the field decrease the dependence
on the mutual position of the transceiver and receiver coils.

D) Rectenna
A system that uses a rectenna is a 3D system with the basic
principles of EMW [3] (Fig. 5). The working frequency of
this system is about several GHz and the transmitted power
ranges up to several W (the power delivered to the appliance
is up to hundreds of mW). Power is delivered through free
space between the transceiver and receiver antennas in the
form of waves in a similar manner to radio communication
transmission (Fig. 5). The space is covered by the transceiver
antenna with a certain level of power density. The receiver
antenna is designed to harvest the maximum energy at the
point where it is placed [19]. The receiver antenna is usually
connected directly to the rectifying circuit, which converts
RF power to DC power.

The research in the field of rectenna is mostly aimed at the
construction of a receiver antenna with a high-efficiency inte-
grated rectifier. The receiver antenna is usually any modifi-
cation of dipole in planar structure, and in some cases it is
designed as a dual band including the rectifier [20]. The rec-
tennas are connected in an array for high power level recep-
tion [21]. However, this is not practical with respect to the
increasing dimension of the receiver antenna. The problem
of the transceiver antenna has not been fully solved. There
is only an assumption that the transceiver antenna covers
the determined space with a certain level of power density.
The dependence of the received power on the mutual

Fig. 1. WPS chain.

Fig. 3. Scheme of 2DT sheet.Fig. 2. Scheme of PCB transformer with mobile secondary.
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arrangement of the transceiver and the receiver antenna is not
discussed either. Commercially available systems using this
concept already exist [9].

I I I . C O M P A R I S O N

The frequency and the power properties of the mentioned
systems are summarized in Table 1. It is hard to estimate
the exact value of efficiency as it depends in particular on
the distance between the power source and the appliance,
on the frequency, and also on other objects in the considered
area. From the transmission efficiency point of view, the
systems can be qualitatively compared as follows. The PCB
transformer has the best efficiency because power is collected
in the surroundings of the coupling surface and because of the
EMI principle with real power flow existing only if the appli-
ance is presented. WiTricity has the second best efficiency
because there is again real power flow only if the appliance
is presented, but power is scattered in space and the coupling
can be weaker in the case of longer distances. Thus with
respect to efficiency, the 2DT sheet follows next. In the case
of the 2DT sheet, there is collected power in its surroundings
but real power flow exists even if the appliance is not pre-
sented because of the guided wave. Finally, rectenna has the
worst efficiency because there is real power flow even if the
appliance is not presented, power is scattered in space by
radiated wave, and only a small portion of power is delivered
to the appliance. On the other hand, rectenna can be a suitable
choice when the electromagnetic power is to be harvested
from the space where it is presented as a waste product
(from the rectenna point of view) of any electromagnetic
phenomena, i.e. radio communication transmission.

The main reason for the decrease in efficiency, which is
directly conjoined with the principle of WPT through EMI
and EMW, respectively, is ohmic losses in the conductors of

the transceiver and receiver coils [22] and losses due to the
scattering of power [23]. Ohmic losses are issues of cross
section, length and material of coils conductor, and frequency.
They can be decreased up to a certain level by a suitable choice
of the mentioned parameters without changing the shape of
the coils’ magnetic field. The losses due to the scattering of
power are caused by an increase of the wave front with
growing distance from a source. They can be decreased by
restriction of the angle in which the power is directed but
the shape of the electromagnetic field is changed and this is
in contradiction with the decrease of dependence on the
mutual position of the source and appliance.

The frequency band for WPT adheres to the conservation
of electromagnetic field character with respect to the dimen-
sions of particular elements in the transmission chain. This
means for WPT by EMI/EMW, the wavelength has to be con-
siderably bigger than/comparable with the elements of the
transmission chain. In the case of EMI, efficiency decreases
for very low frequency or very high frequency as a result of
ohmic losses or losses due to radiation. Thus as a compromise,
a suitable frequency band is from to hundreds of kHz to
several MHz [8, 17]. In the case of EMW, very low frequency
leads to an excessively big and impractical dimension of
elements in the transmission chain and low radiation effi-
ciency of the wave. On the other hand, very high frequency
leads to significantly small demanding production dimension,
an increase in losses due to scattering of power, and problems
with the implementation of the power generator. Hence as a
compromise, a suitable frequency band responds to several
GHz [15, 19].

From the point of view of a shading transmission path
between a source and an appliance and the influence of
extraneous objects to transmission, WPT by EMI is more
resistant than WPT by EMW [24]. Most objects in the room
have a dielectric character. In the case of EMI, magnetic
field distribution can be influenced by metal and ferromag-
netic objects in which eddy currents are excited and which
bend the magnetic field, respectively. In the case of EMW,
all objects in the transmission path cause scattering and
diffraction of the wave. From the system dimension point of
view, WPT for 2D systems where the electromagnetic field
is concentrated in the proximity of the surface is less influ-
enced. Generally, it can be said that the extraneous objects
rather cause scattering and refraction of the electromagnetic
field than its absorption because power reception in all
systems is based on the resonant principle.

The systems developed by the academic community,
which are in the stage of basic research, do not take safety
and electromagnetic compatibility standards much into
account. More critical for standards fulfillment are 3D
systems where WPT is accomplished in the free space.
Commercially available systems that use EMI [8] or EMW
[9] feature values of magnetic field strength 6 A/m at
120 kHz or power density 1 W/m2 at 915 MHz, which are

Fig. 4. Scheme of WiTricity.

Table 1. Comparison of WPS systems.

Title Dimension Frequency Received power

PCB transformer 2D Hundreds of kHz Tens of W
2DT sheet 2D Several of GHz Several of mW
WiTricity 3D Several of MHz Tens of W
Rectenna 3D Several of GHz Hundreds of mW

Fig. 5. Scheme of system that uses rectenna.
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in accordance with the IEEE standard for safety levels [25],
see Fig. 6. From the electromagnetic compatibility standards
point of view, the WPSS through EMI and EMW are
mostly designed for free usable frequencies from ISM
bands [8–10, 15].

Ready to use implementation for wholesale manufacturing
and integration into small electric appliances are known for
receiving parts of different WPSS. In the case of 2D systems
using EMI, the receiver coils can be made as PCB [10]. In
the case of 3D systems using EMI and EMW, are they com-
mercially available as a block which can be connected
additionally to the appliance [9, 18]. The cost of such an appli-
ance is discussible. The chargers using EMI should have costs
similar to conventional chargers with respect to the competi-
tive advantage [26]. The 3D systems using EMI and EMW,
which are able to transmit a small amount of power, are
aimed at sensor networks with small power consumption at
this moment. They can be profitable in case of powering
many sensors, where accumulators, their replacement or
cable connection, are not economical [8].

I V . C O N C L U S I O N

Different types of WPSS were introduced for an explanation of
the basic principles suitable for WPS of devices with a small
power input in rooms. The next development will depend
on safety limits for the electromagnetic field and the power
needed for these appliances.

The goal is to create either a system with high efficiency,
where electromagnetic energy is directed predominantly
from the power source only to the appliance and only if the
appliance is presented, or a system that can harvest the
maximum electromagnetic energy from the point where it is
placed. Important issues are the increase of the transmission
distance and the transmitted power levels.

The research performed by us is aimed at the two systems
based on the induction principle and the wave principle. Apart
from the transmission efficiency, two important problems are
investigated, namely the development of a smaller and simpler
construction of a wireless power receiver for better integration
into electronic appliances and the proposal of such a system
concept in which power received by the appliances is only
minimally dependent on the appliance position with respect
to the power source.
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