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The article considers the technology of point focusing of electromagnetic waves, which allows to 
transmit electromagnetic energy to consumer more effectively than beamforming. The technology is 
based on the principle of operation of antenna arrays, but with the distribution of dipole antennas 
around the perimeter of the area under consideration, which makes it possible to obtain an increase in 
the power of the electromagnetic field only at one point in this area, and not in the beam. The article 
presents the results of theoretical studies as well as mathematical modeling that confirm the feasibility 
and describe the properties and characteristics of spotforming technology. The experimentally ob-
tained characteristics of the generated electromagnetic fields measured by the real prototype are 
shown. Spotforming is technology of next-generation spatial filtering systems that can be used in 
high-speed data transmission systems and 5th generation mobile networks. 
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INTRODUCTION 

The basis of spatial processing technologies is the use of separate directional antennas 
and antenna arrays (AA) of weakly directional elements – beamforming, MIMO (multiple in-
put – multiple output) [3, 7]. The advantage of directional antennas is simplicity. The ad-
vantage of antenna arrays is the ability to quickly change the radiation pattern through elec-
tronic control of the channel phases and due to the absence of moving parts. These approaches 
provide forming a narrow beam of the radiation pattern [4]. 

In the case of directed radiation, electromagnetic energy is concentrated along the line of 
sight transmitter-receiver. It allows to reduce energy losses compared to non-directional radia-
tion. At the same time, the receiver is only at one point of the line of sight, and in fact, high 
electromagnetic field strength is required to be provided only at the receiver location (more 
precisely, the receiver's antenna) [3]. 

This approach, which we called “spotforming”, makes the use of electromagnetic energy 
even more efficient than beamforming (Fig. 1). 
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Figure 1. The transition from beamforming to spotforming: 

z-axis means power of electromagnetic field, x, y-axes mean planar coordinates 

SPOTFORMING 

Spotforming technology or the technology of point focusing of electromagnetic waves 
implies the use of an antenna system similar to AA. The difference from the known AA is the 
installation of elements of AA not in one place, but in the space around the working area 
(room), in which there is need to form a local peak of the field. 

In the article [5] it is suggested to use a set of radiators installed along the perimeter 
around a given point and spatially separated at a distance of several kilometers or more, with 
several generators synchronized in time. Our approach is intended for the use in working are-
as, the size of which ranges from a few meters to tens of meters with a single generator and 
control of the phases of the dipoles. 

Antenna arrays as systems with a controlled radiation pattern of a complex shape, is 
based on a large number of simple weakly directional radiators. Symmetrical short antennas 
(Dipole Antenna) act as such radiators. Dipole antenna is a short thin piece of the conductor. 
The characteristics of symmetrical antennas are more fully described by the model of an ele-
mentary electric radiator [1]. The case where the length of the conductor is equal to half the 
wavelength is of greatest interest. Such an antenna is called a half-wave vibrator, whose arm 
length is �/4. Its radiation pattern has the form of a torus (Fig. 2), this means that maximum 
radiation of such an antenna is directed perpendicular to its axis, and there is no radiation 
along the axis.  

 
Figure 2. The radiation pattern of a half-wave vibrator 
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It can be assumed that the electromagnetic wave has a flat front in the far field and con-
tains mutually perpendicular components of electric and magnetic field intensities lying in a 
plane perpendicular to the direction of wave propagation. With the vertical position of the di-
pole, the vector of the electric field intensity of the electromagnetic field in the far zone has 
only the vertical component and is described as follows [2]: 
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where I0 – current in the arms of a dipole; ZC – wave impendance; k – wave number; � – wave 
length; j0 – initial phase of electric current; q – angle measured from the dipole axis; r – the 
distance between the dipole and the point in which the tension is calculated; i – imaginary 
unit. 

Let us fix the moment of time. The amplitude of the electric field intensity vector de-
creases inversely proportional to the distance, and the phase increases linearly in proportion to 
the distance from the dipole. Approximately, this can be written as follows: 
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If the initial phase of the current in the conductor is known, the phase � of the electro-
magnetic wave at a given distance r%  from the dipole calculated by the formula: 

0� .r kr= - + j%  (3) 

Consider the case when there are N half-wave antennas with known coordinates. The an-
tennas are located around the working area (Fig. 3). All antennas are connected to the same 
generator via phase shifters. According to the formula (2), the field of the i-th radiator:  
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Figure 3. Illustration of the point interference of waves of a large number of antennas 

We specify a point within the working area with known coordinates and form a local 
peak of the electric field in it. Receiver’s antenna (REC) is placed in that point. The initial 
phases ij  are set with phase shifters in such a way that at a given point the phases of all indi-

vidual electromagnetic waves coming from the dipoles are equal. 
For example, for certainty, at a fixed point in time: 

� 0,i i ikr= - + j =  (5) 
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where ri is the distance between the given point and the i-th dipole antenna. We assume that 
ri >> l (the far field for all dipoles). This condition ensures the in-phase of the electromagnet-
ic waves of all dipoles at a given point. The condition of in-phase in general form: 

� � 2 , 0,1,2,i i ikr k k= - + j = ± p = ј  (6) 

Under condition (6), the in-phase addition of electromagnetic waves occurs at a given 
point. The module of total electromagnetic field intensity: 
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where iE  – the electric field intensity, formed by the i-th dipole antenna at a given point. 

In the central part of the working area, the distances from all the antennas to the given 
point are approximately equal 1 2 .Nr r r» » ј »  Then the modules of electric field intensity of 

each dipole antenna at this point are approximately equal to 1 2 .N dipE E E E» » ј » =  So 

you can write: 

max
,dipE N ES :  (8) 

where dipE  – the electric field intensity formed by the single dipole antenna at a given point. 

The module of electric field intensity at a given point in the central part of the working 
area is proportional to the number of dipole antennas and the current amplitude on a single 
dipole. 

Here and further, the point where the in-phase addition of waves occurs is called the point 
of maximum, or maximum, and all other points are called points of periphery, or periphery. 
The values of the intensities and powers of the electromagnetic field at such points will be 
denoted by the corresponding indices maxE  or perE  ( maxP  or perP ). 

In all the rest of the working area, except for a given point, the condition (6) is violated 
and the addition of N electromagnetic waves occurs with random phases: 
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where �i  is a random phase which has a uniform distribution on the interval [-�, �]. The 

module of the resulting electric field intensity in the periphery is proportional to the root of 
the number of dipoles and the current amplitude of the dipoles on the average. 

.dipper
E N ES :  (10) 

The electromagnetic field intensity of the periphery increases more slowly than this value 
at the maximum with increasing the number of dipoles. This is an important feature of a dis-
tributed system of phase controlled antennas, and allows to form an electric field at a given 
point. This is due to in-phase focusing of radio waves at a given point by controlling the phase 
of each dipole. 

The power of the electromagnetic field is proportional to the square of the electric field 
intensity. Therefore: 
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The ratio of the power at the point of maximum to the power of the periphery is propor-
tional to the number of dipoles. Figure 4 shows the relationship between the ratio of the pow-
er of the maximum to the power of the periphery averaged over the three-dimensional space 
of the working zone, and the number of dipoles used, obtained by modeling in the presence of 
single and double reflections of radio waves from walls, ceiling and floor. That results were 
obtained by simulation in Matlab. Simulation conditions: operating frequency f = 2 GHz, the 
area under consideration is a parallelepiped size of 8 × 4 × 3 m, distribution of dipoles along 
the walls is uniform, the dielectric constant of the reflecting material is � = 5, the maximum 
point coordinates are [3.55, 3.08, 1.74] m (asymmetric location of the point of maximum). 

 

 
Figure 4. The estimated relationship between the ratio of the power of the maximum to the power of  

the periphery and the number of dipoles taking into account the effect of reflection from the walls 

The above relations (8), (10), (11) are approximate. In reality, as shown in the figure, in 
addition to direct propagation of radio waves in buildings, reflections from walls and objects 
in the work area play an important role. It is furthermore necessary to take into account the 
mutual influence of the dipoles [1, 2]. Strictly taking into account this influence in the general 
case is not possible. The following sections describe a prototype for verifying the characteris-
tics of an approach in practice. 

PROTOTYPE 

For experimental confirmation of the feasibility of spotforming technology and research-
ing of its properties, a prototype was developed, which is a model of a room size of 
1 × 1 × 1 m. On the walls of the room there are dipoles, which are half-wave vibrators. In or-
der to comply with the interference condition, – coherence of radio waves, all dipole antennas 
are connected to one monochromatic signal generator via system of power dividers. For in-
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vestigation the electromagnetic field formed in the area under consideration, is used receiver, 
which is also a half-wave vibrator. It is connected to a spectrum analyzer to measure the pow-
er of the electromagnetic field at the receiver's location. The receiver is moved by means of 
special mechanisms, which makes it possible to analyze the generated electromagnetic field 
pattern entirely in any cross section. The prototype and its functional diagram are depicted in 
Fig. 5 and Fig. 6, respectively. 

 

 
Figure 5. The prototype of spotforming technology 

 
Figure 6. The block diagram of the spotforming system’s transmitting part 
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The block diagram of the prototype for an arbitrary number of dipole antennas includes 
a signal generator, power dividers, digital phase shifters that set the initial phase of each di-
pole antenna to focus the radio waves at a given point. Their number is equal to the number of 
dipole antennas used. A computer carries out the control of phase shifters. 

EXPERIMENTS 

The prototype allowed us to observe the real field patterns, formed by a system of dis-
tributed dipole antennas. Figure 7 (a, b) shows the obtained power distribution of the electro-
magnetic field using 8 and 16 dipole antennas. Formed electromagnetic fields are character-
ized by a clear spot peak, but also by the presence of subordinate maximum, which is inferior 
in magnitude to the main one. Measurement of the field pattern is carried out in a horizontal 
plane passing through the maximum point, and measured area located in the center of the 
“room” and 20 cm apart from the walls (see Fig. 7). This area corresponds to the far field for 
all dipole antennas. This fact allows us to assume the front of the electromagnetic wave to be 
flat and ensures the fulfillment of the relations (1–11). The dipole antennas are located at two 
different heights to avoid symmetry and the occurrence of subordinate maximum. 

The working frequency of the experiment is 2 GHz. The measurements were carried out 
with a step several times smaller than the wavelength. For the experiment using eight dipole 
antennas, the grid spacing is 4 cm, for the experiment using sixteen dipole antennas – 2 cm. It 
should be noted that in the first experiment the point of maximum is located approximately in 
the center of the area under study (its coordinates are x = 54 cm, y = 50 cm), and in the se-
cond – closer to its edge (its coordinates are x = 26 cm, y = 70 cm). This is done to show that 
the focusing of waves is attainable at any point of the area under study. 

If a small number of dipole antennas are used, the field pattern will be characterized by 
subordinate maximum of power commensurate with the power of the point of maximum. As 
the number of dipole antennas used increases, the level and the number of subordinate maxi-
mum decrease, and the field pattern takes the “ideal form” shown in Fig. 1. As a result of the 
experiments, the following values of power at the point of maximum were obtained: 

max,8 0.203 ,P W= m  

max,16 0.848 .P W= m  

Averaged power at the periphery: 

,8 0.032 ,perP W= m  

,16 0.078 .perP W= m  

In accordance with the formulas (8), (9), (11): 
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Figure 8. Experimentally obtained field patterns for the case of:  

8 dipole antennas (a); 16 dipole antennas (b) 

In fact, the power at the periphery increases more slowly than the power of the maximum 
when the number of dipole antennas used increases. The obtained results are correlated with 
the estimated dependences. Thus, an important property of spotforming technology, resulting 
from the expression (11), is the possibility of obtaining any ratio of the power of maximum to 
the power at the periphery (maximum to periphery ratio) by selecting the number of dipole 
antennas used depending on the tasks assigned. 
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CONCLUSION 

We proposed Spotforming, a new approach to the spatial concentration of electromagnet-
ic energy: at a given point, rather than in a ray, as in known approaches. This is achieved by 
in-phase focusing of waves at a given point. 

Spotforming allows you to increase the radiation power at a given point without violating 
the electromagnetic compatibility with other devices in the rest of the space. 

The increased power can be used to increase the speed of information transmission in 
communication networks, to increase the secrecy of communication systems, for wireless 
power transmission and for other tasks. 

The authors are currently working on the application of this approach for the challenges 
of transferring video streams to virtual reality helmets in order to free the user from the cable 
between the helmet and the console. 

In the long term, the implementation of the change of the location of the point of maxi-
mum in the area under consideration in real time is considered, as well as the achievement of 
the antinodes of the field at several points. This is a generalization of the proposed technology 
in the case where there are several receivers that can be mobile. 
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