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Abstract Domino-Tiled Array Synthesis with BCE Maximization

Abstract — Lon.g-range W|re.le.ss power tr:.;msmlssmn (WPT) @ Array Aperture Coverage Tiling Wording [4}
systems comprise a transmitting (TX) device capable of N | R of < ull
focusing the beam towards a desired region, usually Objective Reladalis re.ctangu ar ap.erture ofSlz€ Mx N, UZY
. .. . . cover it with domino tiles
consisting of a phased array (PA) antenna, and a receiving
(RX) device, namely a rectenna, converting the Covering Theorem [1]

electromagnetic power of the impinging microwave

1. A rectangular aperture R of size M x N is fully covered by Height Function ‘ Tiling Word

radiation into direct current. To maximize the end-to-end domino tiles, if and only if M or N are even.
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transmission efficiency, the transmitter must be able to h {h Vi gﬁA} — ) = mn e— ‘t {T/ =
L

| i R B ] (M —1)x(N —
focus the power on a limited spatial region, possibly just as L L _irL_ Example: M=3, N=4 I =m+( —1)4(M_1) e
large as the rectenna aperture. This imposes VR B R O T . N
foi - : oy R N=4mod2=0 — e
non-negligible challenges in the design of the transmitting S A T T |::| Fully-Tileable @ Optimization Tiling Method
antenna system, further highlighted when the TX and RX ) N '
antennas are located far away. Additionally, conventional 2. Otherwise, the empty area extends to a square pixel [ Binary Genetic Algorithm (GA) [6,7] ]
PAs allow for highly flexible beam-forming but they are B ] . M=3 N=
1 _1_ VR L Example: M=3, N=3 . . : .

extremely expensive and difficult to realize if large antennas r=T7 " Objective Choc?se th('e best ppsmble complete tiled

. . . M L_L_Jd__} T M=3mod?=1 ApErTe configuration to fit the requirements
are needed. In this context, the proposed research activity ! . ﬂ =smodZ=1 = BN Taae

focuses on the study of innovative unconventional PA = > Tiling Word GA Chromosome
solutions based on modular architectures able to offer - . . 1112211  e———) (01010110100101
optimal trade-offs between antenna complexity and (2) Complete Tiling Configuration L=(M-1)x(N-1) B, =L xlog, (w™)
transmission efficiency. max 2 (t)
. . e e e I=1,...,L
Beam Collection Efficiency (BCE) Maximization The number T of domino-tile configurations that fully cover an (5 Excitation Definition
array aperture R of dimension M x N is: | BCE Maximization |

Apply BCE maximization to retrieve the best set of

Target area
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Cardinality Theorem [2] I ™ = max {r, }
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.\AF(u, v)\zdudv_ R 1 nei M +1 N +1 reference weights.
BCE=| Visible range: I ore . (ref) _
2 isible range: v U7 w = dr Max BCE
‘AF(U,V)‘ dudv I={(u,v):u* +v* <1} R @ Tlllng COdlng - g{ [ ] }
i—~ / TX Aperture, X . . -
- - Height Function [3] Compute the sub-array optimal set of weights applying:
For fully-populated array: |
L K(xXoutyv) Wi = € T e Univocally define a tiling configuration (Opt) (ref)
AF(U,V)= Zzwm,ne n m with :{ u=sin 8 cos ¢ Coih._=hv._)]|v. 05} 225 W
m=1n=1 v =sin dsin ¢ nmrq
Steering vector: e Analytically-defined on the lattice vertexes m 1n=1
V(u,v) =|e Koy ekt A_D o (o } P = 0l TS B Vi =00 The best arrangement is selected by evaluating all the T’
AN fla S T e e e tiling configurations (T T subset of sol. explored by the GA):
H w'Aw h eZ
AF(u,v)=w"v(u,v) sy BCE = — C(opt) — min \_‘P(C(t) (opt))J
v W B W * Efficient tiling coding (h-values internal nodes) t=1 T
WH —[W W ]H \ dim(h)=(M—-1)x (N—-1) vs. dim(C)=M x N et
LA — 0)"; N—l B:|:J.V(U V)MH(U V)dUdV:| h — (_1 0 _1 -2 _3 _2)
S ST _ (ref)
' Y(C,w)=BCE"™" —BCE(C,w)

Numerical Results

BCE measures the capability of the TX array of focusing the power in the

angular region where it is the aperture of the RX rectenna Configurati on
Fully-populated array architectures are very expensive! Benchmark Configuration 2 EEE 0 EEEE 1 1
- NEES (75 O 0.75 ©
How to deal? *N=16 s — e s P
*M=8 =0 AEEEEEES 0.5 E;L 5.0 0.5 EL
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Unconventional PA Solution 4 < e
0, = [0 °,45°] -2
: : e ¢ =[0°,360°] -4 -2 0 2 4
Domino-Tiled Arra b
Problem Statement | y ] Q= {Ug =04V, =04) W/ m’l
Find the optimal Array Aperture Dominojiies Reference fully/populated array Best tiled array configuration

tiling/clustering .\
configuration C°Pt and the 3
corresponding sub-array
weights, a°Pt and 3°Ft, such
that the radiated pattern fits
user-requirements, and
maximizes the BCE

BCE"®) =99.93%

Tiled Array Configuration Results
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Questions:
-1 08 06 -04 -02 O 02 04 08 OB 1 g -1 08 06 04 02 0 02 04 08 08 1
(a) How to tile the antenna aperture uasin(B}cos(s) vasin(EJsini¢) 0
Rof OTM- - b § Rot OTM-0pl === T
) _ . ) bl ik —— St s, :_M(xq sind; cos g, +y, sim9$sin¢s) BCE(Opt) — 99 83%
(b) How to define the weights . and [ for each tile to fit $=0° $=90° A :
. - = = X M N X
radiated pattern requirements g =225Cmnq£ j plort) _ g 19
yq m=1n=1 Ym
y. Acknowledgement References
hi ; duced while attending the PhD s [1] D.A.Klarner,“Packing a rectangle with congruent N-ominoes,” J. Combinatorial Theory, vol. 7, pp. 107-115, 1969.
S _IS pos erdm;as;'orol uce tmzihl eUa .en /:g ;_', ; péoglra)rg(;?lxpafte; th [2] P. Kasteleyn, “The statistics of dimers on a lattice . The number of dimer arrangements on a quadratic lattice,” Physica 27, 1209-1225, 1961.
LR g r"'f CIencetan e/c7 70 ol;q'y a. € ;/l;/e;;/ y/\jf .r(;n ,O’/ Dyc € ’1?; 2:; [3] W. P. Thurston, “Conway’s tiling groups,” The American Mathematical Monthly, vol. 97, no. 8, pp. 757-773, Oct. 1990.
s ' Z;Ipp(;,rzg];g s; ° er ,ff{mI(\:IIZIC?E;? y de J llomihenlz? ecree ZO', of [4] S. Desreux and E. Remila, “An optimal algorithm to generate tilings,” J. Discrete Alg., no. 4, pp. 168-180, 2006.
TR N:rtCGenera,t'oZi'eU 024,5:_0” p ”EdﬂcI:Zth a):vd ;eslé’;'izgnCo%(;nonent 1 [5] P. Rocca, et al. “Evolutionary optimization as applied to inverse scattering problems,” Inverse Problems, 24, 1-41, 2009.
. X i — Missi ucati g

- [6] N. Anselmi et al., “Irregular phased array tiling by means of analytic schemata-driven optimization,” IEEE-TAP 65(9), 4495-4519, 2017.
[7] H.L. Van Trees, Detection, estimation, and modulation theory, Part IV, Optimum Array Processing, Wiley: New York, 2002.
[8] G. Oliveri, L. Poli, and A. Massa, "Maximum efficiency beam synthesis of radiating planar arrays for wireless power transmission," IEEE Trans. Antennas Propag., pp. 2490-
' l . , 2499, vol. 61, no. 5, May 2013.
l albadomani cultural heritage [9] N. Anselmi, A. Polo, M. A. Hannan, M. Salucci and P. Rocca, “Maximum BCE syntesis of domino-tiled planar arrays for far-field wireless power transmission,” Journal of EM
Waves Appl., pp.2349-2370, vol. 34, no. 17, Sep. 2020

dall inhna puropaa . . .
“Enhancement of the offer of educational services: from nurseries to

universities” — Investment 4.1 “Extension of the number of research
doctorates and innovative doctorates for public administration and




	Diapositiva numero 1

