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Abstract. In this paper, we consider the possibility of reconstructing the geometry of an
unknown multiplet antenna from the geometries of elementary radiators by combining their
spatial far-field spectra when decomposed into spherical harmonics. We propose a simple
step-by-step algorithm that allows us to combine a set of basic resonators for implementing a
non-trivial radiation pattern.
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Annoranug. B manHHOI paboTre paccMaTpuMBaeTCs BO3MOXKHOCTb  BOCCTAHOBJICHUS
TeOMETPpUHU HEM3BECTHOM MHOTOMOIOBOI aHTeHHBI M3 TEOMETPUIT JIeMEHTApHBIX M3JTydaTeieit
MMyTeM COBMEIIEHMS UX MPOCTPAHCTBEHHBIX CIIEKTPOB JaJbHEro IO TMpPU Pa3IOKeHUU
Ha cdepuueckue rapMmoHuku. IIpeacraBieHa IpocTasi IIOCIEI0BATEIbHOCTb HEMCTBUI,
MO3BOJISIIOLIYI0 MOJYYUTh HAOOp TMPOCTEHIIMX aHTEHHBIX BJIEMEHTOB [Jis peaau3aluu
HETPUBUAIBHON ITHarpaMMBbl HallpaBJIEHHOCTH.
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Introduction

One of the most important tasks in modern telecommunication systems is to create a selec-
tive radiation pattern [1, 2]. Such diagrams may have slits, punctured points, and other features
and singularities predetermined by the purpose of the communication channel (radar, satellite
communications, smart beam control). To achieve this goal (enabling a controlled feature), in
an arbitrary radiation pattern, in the general case, an antenna we modify must have a permit-
ted harmonic of such an order that is capable of forming an electromagnetic field of similar
dimension [3]. For example, a punctured point in the diagram can be provided by turning on
a convenient dipole antenna with a fundamental minimum in the plane of the vibrator. In this
paper, we consider an algorithm that can be used to accurately build a multiplet antenna with
specified characteristics. The potential development of such a method may make it possible to
improve existing beam control methods such as metasurfaces [4, 5] and antenna arrays [6, 7].

Discussion

At the first stage, the requirements are imposed on the radiation pattern of the multiplet
antenna being reconstructed: its polarization and energy characteristics. The resulting electric
field is then converted into a spectrum of multipolar contribution coefficients of spherical har-
monics [8, 9]. Let us call this spectrum the required vector state of the reconstructed antenna.

Having performed the decomposition procedure for various trivial antennas, which we will
call basic (e.g. electric dipole with pure electric response, split ring with both electric and mag-
netic responses, omega particles with coupled magnetoelectric response), one can obtain linearly
independent non-orthogonal non-unit vector-states in which the system exist whenever the corre-
sponding basic antenna is turned on at some normalized frequency f . It is assumed that by linear
combination of such basic state vectors, it is possible to obtain, among other things, the required
vector state of the reconstructed antenna.

Naturally, this decomposition still does not take into account the relative position and rotation
of several antenna elements, so that we have only been able to decompose spectra of the same
symmetry as the basic antennas. To introduce rotations into the algorithm, one has to recall
that the modified spherical functions which coefficients we study generate the basis for irreduc-
ible representations of the SO(3) symmetry group. Introducing the antenna rotation R(A,B,y) in
Cartesian system of coordinates {x—x', y—)', z—Z'} through Euler angles {A,B,y} in ZYZ order, for
the spherical harmonic Y”(x',)’,z') of order /, m one can obtain [10]:

Y (x', v, 2) = 3 1D (R(a By )T Y (%, 3, 2), (1)

where D;"k (R(OL, B, y)) stands for the element of Wigner D-matrix. Based on this, the correspond-
ing multipolar (either electric or magnetic) coefficient of the rotated antenna can be calculated as:

A" (a,B,y) = i e e \/(Z +m)\ ([ —m)!/([+ k) (I —Fk)!x

Xs:min{lzﬁc,l—k} (_l)m—kJrs COSZHk—m—Zs (B / 2) . Sinm—k+2s (B / 2) . Alm (O O 0)
e (+k=$)1sWm—k+9)W(—k—s)! B

()

The corresponding examples of the rotation of the basic harmonics are shown in Fig. 1. Here
the basic electric dipole antenna oriented along the Z axis was rotated 90 degrees so that the V'
axis coincided with the Z axis and the Z' axis coincided with the —Y axis.

With using this calculation it is possible to obtain a complete space of vector states of the basic
antennas, which makes up the resulting multiplet structure. After this stage, it is necessary to set
up an iterative search by iterating according to the following algorithm: (i) the most unbalanced

© bypues B.JI., Bomesa T.C., ®uionos [.C., 2025. Wsznarenb: Cankr-IletepOyprckuii MOJIUTEXHUYECKUI YHUBEPCUTET
IleTpa Benuxoro.

135



4 St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2025. Vol. 18. No. 3.2 >

multipole contribution is selected, i.e. the one that gives the largest amplitude to the required
vector state, (ii) the base vector states being iterated are phased and normalized relative to the
selected unbalanced contribution, (iii) the normalized one is subtracted from the required vector
state. and a phased vector, which leaves behind a smaller difference, (iv) the steps (ii) and (iii)
are repeated until the required convergence is achieved.

Finally, after achieving convergence, the sets of subtracted vector states, along with ampli-
tudes, phases, and Eulerian rotation angles, can be compared with real prototypes of basic anten-
nas and configured into a multiplet antenna.
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Fig. 1. Transformations of the basic antenna vector state during rotation: the axes rotation (a);
comparison of the results of direct calculation using equation (2) with multipolar coefficients
of the far field of a rotated dipole antenna at 1% (b) and 3" (¢) order mode

Conclusion

Within the framework of this study, the generalized algorithm for constructing a multiplet
antenna corresponding to a complex radiation pattern with features using spherical harmonic
decomposition was described. A method for numerically obtaining the space of basis vectors to
ensure the convergence of the algorithm is considered, as well as the inclusion of asymmetric

diagrams by adding states corresponding to Eulerian rotations.
The use of such an algorithm in modern communication networks in the design of antenna

terminals can help to develop selective radiation patterns applicable in a wide range of tasks from
space and defense industries to household multi-user networks.
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