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ABSTRACT

Recently, wireless power transfer technology, which is transmitted via radio
frequency power, is considered as a promising technology. This technology provides
a cost-effective energy supply to low-power devices in the future era of the Internet
of Things. However, there will a large number of devices in electromagnetic
environments, so they can interfere with each other. To achieve effective power
delivery in space, this paper proposes an efficient beamformer that can focus
energy on the direction of the desired people and minimize energy in the direction
of undesired people (interferences). This beamformer is based on binary bat
algorithm and on the technique of controlling complex weights. The results prove
that the proposed beamformer can effectively maintain the main lobe, suppress
interferences, and surpass a beamformer based on binary particle swarm
optimization in terms of sidelobe suppression ability and computational time.

Keywords: Wireless power transfer, beamforming, binary bat algorithm,
interference suppression, antenna array pattern synthesis.
TOM TAT

Gan day, cong nghé truyén nang lugng khong day, dugc truyén qua nang
lugng tan s6 vo tuyén, dugc coi la mot cong nghé day hiia hen. Cong nghé nay
cung cap nang lugng hiéu qua vé chi phi cho cac thiét bi tiéu thu dién nang thap
trong ky nguyén tuong lai cGia van vét két ni Internet. Tuy nhién, sé& c6 mgt s6
lugng 16n cac thiét bi trong mdi trudng dién tir nén ching c6 thé gy nhiéu 1an
nhau. D€ dat dugc hiéu qua phén bd nang lugng trong khdng gian, bai bao nay
dé xuat mot bo dinh dang bip séng hiéu qua cd thé tap trung ndng lugng vé
huéng clia ngudi mong mudn va gidm thiéu nang lugng tai huéng cla ngudi
khdng mong mudn (nhiéu). B9 dinh dang bip séng nay dua trén thudt todn dan
doi nhi phan va kj thuat diéu khién trong so phiic. K&t quéa ching minh rang bo
dinh dang buip séng dé xuat c6 thé duy tri hiéu qua bip song chinh, triét nhiéu va
vugt qua bo dinh dang biip séng dua trén thuat todn t6i uu bay dan nhi phan vé
khéd ndng nén biip séng phu va thdi gian tinh todn.

Tir khéa: Truyén ning lugng khdng ddy, dinh dang bup song, thudt todn dan
doi nhj phdn, triét nhiéu, tong hap gidn do biic xa mang anten.
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1. INTRODUCTION

The development and application of physically
connected devices have been facing difficult technical
challenges. As a new model of power supply, wireless
power transfer (WPT) provides a new direction to receive
energy for the control of electrical devices, which can
reduce excessive dependence on connectivity physics.
Focusing on the WPT system, building research, and
discussing topics to improve WPT is the future
development trend. This novel energy and its transmission
mechanism show important implications for the
widespread application of renewable energy in daily life [1-
4]. Besides, the transmission of electrical energy to devices
is a huge loss, not only for the costs and efforts but also for
the quality of transmission signals when it comes to large-
scale Internet of Things (loT) connectivity [2, 5I.
Interferences in the surroundings of electromagnetic wave
transmission are a constant factor in the degradation of
transmitted signal quality. To enhance interference
suppression and spectrum utilization in radar applications
and wireless power transfer, array pattern synthesis has
been considered in numerous research papers [6-10]. There
are a number of pattern synthesis techniques used to
suppress sidelobes, each having advantages and
disadvantages, such as weight control, position-only
control, and array thinning. Among those, complex weight
control in weight control technique has been the best
performance for array pattern synthesis or wireless power
transfer [10-13].

Recently, metaheuristics such as bat algorithm or
binary bat algorithm (BBA) and particle swarm
optimization or binary particle swarm optimization (BPSO)
have been proven to be efficient global optimization
algorithms. These algorithms are used to produce optimal
patterns in continuous and discrete optimization
problems; they are proven to be superior to traditional
optimization techniques as well [14-18]. Beamformers (BF)
based on BBA or BPSO can optimize binary numbers and
then directly apply them to digital attenuators or digital
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phase shifters to control amplitudes and/or phases
excited at each element. The aforementioned
beamformers are applied for uniform linear arrays, but
this kind of array lacks the capacity to scan in space [20-
22]. In contrast, the main lobe of the uniform rectangular
arrays (URAs) pattern can be controlled in any elevation
and azimuth direction in space. Furthermore, URAs are
more flexible, producing more symmetrical patterns with
deeper sidelobes. WPT and loT using beamforming
technology with interference suppression ability offer
several benefits over the wired connection and are
applied in numerous applications such as wearable
electronics, health care, electric vehicle charging, sensor
networks, and consumer electronics [24-26].

This paper proposes a beamformer based on BBA and
on the technique of controlling complex weights of URAs
of dipole antennas. This beamformer is compared to a
beamformer based on binary particle swarm optimization,
and the proposed beamformer is proved to be superior to
BSPO-based BF in terms of sidelobe suppression ability and
computational time. The effectiveness of the proposed

beamformer will be evaluated through simulation
scenarios.
2. PROBLEM FORMULATION

Figure 1 illustrates wireless power transfer technology
using beamforming where base stations are equipped with
rectangular antenna arrays. In this illustration, antenna
arrays are used for location-based services so that base
stations with multiple-input-multiple-output can precisely
determine where user equipment is located within the
network. Besides, base stations equipped with these arrays
can enhance the capability of the system to combat fast
fading, interference, and noise power thus improving the
spectral efficiency and energy efficiency of the system.

Broadcast Station

User with
Wearable devices

D@ Broadcast Station

MIMO BS

Broadcast Station @ @

Figure 1. An illustration of wireless power transfer using beamforming

This paper considers a URA with M x N halfwave-length
antenna (blue dot) as shown in Figure 2. The antenna array
pattern can be expressed as [22]:
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M—1N-1
P(d,0) = EF. AF = EF z Z Wi M4y (1)
m=0 n=0
where: EF and AF are the element factor of the dipole
and the array factor of the array at (¢,0) respectively;
Y, = kd, cos(8); Yy, = kd, sin(8) sin(); K= 27“;
Wmn = amn@°mn is the complex weight at the (m,n)t™
element; a,,, and &, ,, are the amplitude and the phase,
respectively.
z

X
Figure 2. A URA with MxN elements

To steer the main lobe toward (¢, 8,), the phase shift
of the (m, n)™ antenna element is equal to [22]:

Smn = —K(mdZ cos(8y) + nd, sin(8,) sin((bg)) (2)

The proposed algorithm is used to obtain optimal
amplitudes and phases of complex weights that are excited
at each element. This algorithm is described in the next
section.

3. THE PROPOSED BEAMFORMER

The fitness function in this paper is developed for the
receiver, but this development is similar for the transmitter.
The proposed beamformer is to maintain the main lobe
and keep sidelobes at a specified level, while also
suppressing interferences. Therefore, the fitness function
based on the penalty method [27] can be formulated as
follows [19, 201:

-0
£ ) (1P (s 0171 +
i=1

1 0=180°
F(8) = - [P, (d,8) — P.(d,0) 1] +], (3)
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where: § is the penalty parameter that is chosen based
on the first simulation scenario in the next section; I is the
total number of interfering signals; (&, ;) is the direction
of the it! interfering signal;
I
PN [ACHNE @

i=1

is used to place | nulls at (¢, 6;).

0=180°
[1P,(,6) = P, )]
d=tg,0=0°
$=90° )
D (A CHOR I
0=00,p=—90°

for (b, 0) = (&b;, 6;) are used to maintain the optimized
pattern P, (¢, 6) with as little interference as possible to the
reference pattern P.(¢,0); P,(d,0) and P,(db;,6;) are
patterns optimized by BPSO or BBA at (¢,0) and (¢;, 6;),
respectively.

The proposed algorithm, which is displayed in Figure 3,
is used to obtain the optimal weights (both amplitude and
phases). This algorithm is described as follows: (i) Setting
the parameters of the BBA and the antenna array (a block
with a red border); (ii) then implementing the BBA search
mechanism (green-bordered blocks) (see more details in
[14]); (iii) after finding optimal weights and the value of the
fitness function. Finally, optimal weights are obtained to
produce nulled patterns (a block with a blue border).

( S )
!}

Set the parameters of arrays, DoA of interferences,
termination conditions;
Define the fitness function F;
Initialize bat populations {xi, vi fi, ri};
Find the current best solution based on F {F(x*)).
J

VES
Termination conditions are satisfied

Adjust frequency and updating velocities;
Calculate transfer function valug;
Update positions.

Obtain optimized binary numbers from the final Gbest;
Based on the resolution of attenuators and phase shifters,
these binary number are quantized and then can be directly
applied to attenuators and phase shifters;

Build optimized weights from quantized amplitudes and
phases and then conduct pattern nulling.

Select a solution (Gbest) among the best solutions;
Change some values of position vector with that of Gbest.

Evaluate new solutions (Calculate fitness function);
Rank the bats and find the current Gbest.
I— |

( )

Figure 3. The flowchart of the proposed algorithm
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4. NUMERICAL RESULTS

The performance of the proposed beamformer for
interference suppression is evaluated via four scenarios in
this section. CST Studio Suite 2019 is used to design dipole
antennas (shown in Figure 4) for the URA with a resonant
frequency of 2.4GHz. All simulation scenarios use the
following common parameters: the element factor is the
dipole antenna pattern shown in Figure 4, 6-bit digital
attenuator and phase shifters with M=N=7 and
dy, = d, = 70 millimeters, the reference pattern P.(¢,0) is
selected as the Chebyshev pattern with sidelobe level (SLL)
of —25dB, the population is pop = 50, and the iteration is
iter = 1 from the third scenario onwards. BBA and BPSO
solutions are randomly initialized except for one solution
that is initialized with weights of the reference pattern. Due
to the randomness of the initial solutions, the performance
of two BFs based on BBA and BPSO will be verified by
averaging the results of 1000 independent simulations for
each scenario.
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Figure 4. The characteristics of a dipole antenna designed in (ST
4.1. Penalty Parameter §

In the fitness function, the penalty parameter is an
undefined parameter that is determined in the first
scenario. To point out the right value of this parameter, the

Vol. 59 - No. 2A (March 2023) e Journal of SCIENCE & TECHNOLOGY | 215



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

max sidelobe level (max SLL) and the null depth level (NDL)
at (&, 0;) = (40°,90°) are evaluated with penalty
parameter values from 10° to 10° with pop =50 and
iter = 200. The results, which are shown in Figure 5 and
Figure 6, indicate that the deeper the null and the max SLL
of optimized patterns likewise change significantly when
are large enough. The value chosen for the next scenarios
should be 2500 to balance the trade-off between NDL and
max SLL.

-14 4| —o—BBA-based Pattern |
16 ]= — Chebyshev Pattern o
i £=2500 4o
m .18 Max SLL =-21.17 dB ‘
z ‘
= -20 Wecen
(2]
X 22
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Penalty &
Figure 5. The max SLL of optimized pattern with different penalty values
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Figure 6. The NDL of optimized pattern with different penalty values
4.2, Characteristics of Convergence

This scenario compares the fitness function’s value
when a single null is placed at the peak of the Chebyshev
pattern (¢;, 6;) = (40°,90°). BBA-based BF (the proposed
beamformer) is investigated with various population sizes
over 200 iterations. Based on the results shown in Figure 7,
this beamformer has taken 7, 2, 1, and 1 iterations to
approximately achieve F < 1 corresponding to pop = 10,
30, 50 and 70, respectively. For purposes of illustration,
pop = 50 and iter = 1 are chosen for the next scenarios.

1.6 ——BBA: pop = 10
14 ==/c= BBA: pop = 30

=== BBA: pop = 50
1.2 == BBA: pop =70

Fitness Function

>

0.4 e
0.2 S e o ot e ey Y o T A
0 25 50 75 100 125 150 175 200
Iteration

Figure 7. The fitness function of BBA-based BF with different population sizes
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In Figure 8, the fitness function of BBA-based BF is
compared to that of BPSO-based BF with pop = 50and
iter = 200. Overall, the one based on BBA converges
converging much more quickly than that based on BPSO.
To reach F < 0.6, moreover, BPSO-based BF requires
5249.40 milliseconds, which is 13 times longer than that of
the proposed beamformer that only takes 410.62
milliseconds.
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Figure 8. The fitness function of BFs based on BBA and BPSO.

4.3, Effective Null-Steering Capability
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Figure 9. The 2D optimized patterns with a single null
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Figure 10. The 2D optimized patterns with multiple nulls

The scenario illustrated in Figure 9, and Figure 10,
compare the BBA and BPSO-optimized pattern with one
null and multiple nulls, respectively. The results indicate
that BBA-based BF is superior to BPSO-based BF in terms of
suppressing sidelobes as well as imposing nulls. For
example, the proposed beamformer suppresses the peak of
a sidelobe at (¢; = 40°,6; = 90°) down to —39.78dB while
BPSO-based BF does not seem to be able to suppress this
sidelobe. One more proof of interference suppression
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ability, the BBA-based BF imposes two multiple nulls at z 1‘:“7
(b; = —40° and 40°,0; = 90°) that are less than —35dB, . 19
while BPSO-based one suppresses sidelobes in either

direction of interfering signals to be negligible.
4.4, Optimized Patterns with Different Resolutions

In addition to being constrained to a fixed direction as
in the aforementioned scenarios, the main lobe of the
proposed beamformer can also be steered. In the final
scenario, the proposed beamformer is evaluated by
steering the main lobe toward (¢, = 10°,6, = 80°) and
placing nulls in the range of (¢; = [—35° —25°],8; = 80°).
Based on the results of 2D patterns in Figure 11, despite
using 4-bit devices (including attenuators and phase
shifters), sidelobes in direction of interferences of the ideal
pattern and that of the pattern simulated in CST are both
suppressed. Despite the impacts of mutual coupling
simulated by CST, BBA-based BF can still maintain the main
lobe and suppress the sidelobes in the region of interfering
signals. Besides, the proposal’s efficiency is also evaluated
when using different resolutions of attenuators and phase
shifters under the same conditions as above. The results for
evaluation are simulated in CST and shown in Figure 12. In
all three cases, the main lobe is maintained and sidelobes in
the interference region are suppressed; however, as the
number of bits for attenuators and phase shifters
decreases, the number of sidelobes increases, and the
higher sidelobes appears. To balance the trade-off between
the cost and performance, therefore, digital attenuators
and phase shifters with 4 bits or greater should be used.

Azimuth Cut (§=80°)

[~ =Chebyshev Pattern
& \ —BBA-based Pattern (Ideal)
210 4 4 \ BBA-based Pattern in CST
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Figure 11. The 2D patterns when using 4-bit devices

(d) 2-bit devices
Figure 12. The 3D patterns with the different resolutions of devices.
5. CONCLUSION

This paper proposed a beamformer based on BBA for
URAs of dipole antennas. Various simulation scenarios were
conducted to verify the ability to set nulls in sidelobe
regions and the effect of the resolution of digital
attenuators and phase shifters on optimal patterns.
Additionally, the proposal is proved to be superior to BPSO-
based BF in terms of maintaining the main lobe and
imposing nulls. Besides, the paper suggested that BBA-
based BF should use 4-bit phase shifters to balance the
(a) -25 dB Chebyshev pattern trade-off between cost and performance. In the future,
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unknown interferences, interferences entering the main

lobe, mutual coupling compensation, or approaches for

reducing the hardware requirements should be considered.
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