) 32 2 3R Acta Phys. Sin. Vol. 72, No. 16 (2023)

164101

E T EEAERFIEREIRE
AEEZ HIRRERIE

ElEkE T b

i ERWF

(FL R 22 0 Y ERIF ST T, IR 611731)
(2023 4E 4 H 6 BYE); 2023 4E 6 12 BEIE%R)

TE R To Lk i RE AT, An ] 52 B 22 AR i ) P G 30 T 8] 47 2R R — M ELAT O A ) . AR SCHR I T —
ob e T A 15 S 368 22 AR R0 T 09 22 H b R G 2R A AR O . 1 AR T 2 i 2 R AR S o A
A 05 2 18] £ £ B R T BRI O e . AR HE R S 7R A 3K b o S A S, R ] R
2 (W) e PR S B M ) R DR AR R TR RO ik, BT T AR 2 AR IR T SR SCIR AR AW, i
T Aol 7 9 AT LA 3355 R SR ASE AR AN [ A S g 10 A 2 A RS A Y R R D T i AR DAL T AN ] i e g 1 )
BERORBE— LR T b, 6 A BUHMAY 86 56 UE 1 T 4@ H Y 77 1 AT TR 55 0 DG 0 A G Y S A 22 g £
BRI 3 e A0S A [ 34 AL 8 5% el 9 468 A [ 4 A o ) B S 0 (L PR S L

REBEIR: WE] S, (R, 2 HIRREE
PACS: 41.20.Jb, 83.80.ht, 11.80.Gw

il

1 3

TETCZGH A7 3 RN Jo 2k i fig ikl (%)
AT Lk 224> H bR s EA S04 118 e 1 55 17 o3 B R
— HE R —. T i A R, A4
T IUMOA R T, Herb e iz A TR A 4% i 1)
JZ i (time-reversal, TR)®10 Al fz 4 29 o T R H
f& (optimal constrained power focusing, OCPF)
Jitk. OCPF Je—FhZ HArR AN 7, il
DAk H AR BRECR A 5 RZ S AN [F] 57 1 10 15t H, (78]
(B FP i — R IS R, X ETE
S g FH b Az 3 B

TEH GBI, TR AR LU IRZ 5%
LR S M), S B P A 1Y) 1 P s [ D SR A
THPRR R E, TR 7577 2 BT ik (ultras-

DOI: 10.7498/aps.72.20230547

hort pulses, USP)M=19 /3 B s R 101, o ks
D 17— 197 122 A5 A 120V 4507 T A4 A AR
Ibrahim 45 PU S T —Fp F T2 A A A9 L
T TR WL ik, I TR 2P 2
BT Y285 ) e AR )5 %8, Zhao F Zhul!
P T — PP T E] S BE (time-reversal mirr-
ors, TRM) WIF¥RIE Ik, iZ T & e e H s i o
SR B N5, B TR . SXFh ks
SEP it — 20k B2 DA s i vk R i B
B R 5 2 ] ) P I Rl . A B, X s
FT TRM B 5 1A 2 2 AT I R RAE, JHK
T 2 RS R Z RN A BAME:. FAAE 1999 4,
TE 5 22408 P LT one-bit JINAL Y [A] S8 (one-
bit time reversal, OBTR) J7 ik B & 1 23, 17 i
it, —FhET OBTR MW 45 USP IR4Ra gt
ke, 7 A S s RO R U S AT

* B AR 45 $ L R 4 (UES: A03019023801088, ZYGX2019Z016, ZYGX2021YGLH025) H1PY 148 RH% 245 151

(HEHES: 2022YFS0193) ¥ BhfiGLEL
t BIE1EE . E-mail: uestcding@uestc.edu.cn
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

164101-1


mailto:uestcding@uestc.edu.cn
mailto:uestcding@uestc.edu.cn

#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 16 (2023) 164101

IR S X PP L T15 5 AL B OBTR J7 ¥ Al LA
e AR OL T SR PR B s B e th 4 45, (HE
fE—E R FRE T TR M= RERM:, X 23T
MELINE T 2447 0 22 it R ¢

ASCHR T — MR I TCAR I AL 5 v, LASE
IUAE F & PR AR ZARFREE vy 24O i 3
L G PR AR LT IR — R (R T AT S ) 5
AR, e XA T e 8 AT B T 3 | InASUR A
(channel extraction, selection, weighting and
reconstruction, CESWR). ‘E% &3] T 2t =z
] AR DG, I FLIE (5 T A TR e FUIALSS B T 2
AR RSO AT, oAb, X P —H A
5 ZHTR TR L, TR PSR R e TJ7 T
HAMRE A m A s e S e . AR
SCE 25 (R S 9 IE S 7 — 1> By A 22 B A I 1]
S (single-input multiple-output time-rever-
sal cavity, SIMO-TRC) & 4t #1528, [w] i i
ZE MR TR AL BRFTHE T 18] 52 8 i CESWR J5 12
(CESWR method based on time-reversal, CESWR-
TR) AP, S5 Jaxd o 1 SE g g ).

2 ZHEMNNTRBETERERE
2.1 ZH#H TR EiEZER

HR A 22 B B — 2 H AR TR ik, A AHAE
B SR A, WA ik v A3k K P
Foa(t), PR R R BHEBUE S () 5, FEXT
AR T AT SRR By (—1) . ¥ y(—1)
HRTE Ak At R RETE AN 7 A I 2 [ 20 3R
FEICR. XPh 7 VA F T e B ) B 28 50
5T L RGN AL e, T AR R AR Y SR AT
D3 3k 8 B 3k s R S A A R A T P R
(channel impulse response, CIR) [ H #H% pRECK
il R

2 PR I R Ay v I RS I B A TE
IR, H TR S50 T8 1 o B heq () 1T LA
Fen iy B

L L

L
heq(t) = Za?é(t) + Z gl (=t — 1)

=1 =1, k=1,k#l
x 6 (t — 1) + a28(t), (1)

o o () s Bk BL v i s B 1R — FR L
Ditekistt; LFRRNBZRBH; afnIongi

SR BRAR T 118 BB 37 14 T 7 X 7 ) S JEE A EE 5 o2
T R DR B « R B TIE

X R 1 AR 2 HARW TR 77k, AW
FIHEICR R Rx] A1 Rx2 ELA TR A045 18 bk i) 1o
h(t) M ho(t). BT TR ARG HAG 28 [0 R R,
I, 23 a7 B RS SR RS 1T g 237 A 22 TE I Ly
ZIAIAH DGR R4,y T i X — 28 [ R, A
SO B IR R AH O 2R B0 AN [R5 38 22 18] 14 4 56
P, Horan

cov (hy, ha)
Phi,hy =

Var (hy) Var (hy)’

L cov() 22 BB 2 097 2; Var()
RN BENEIE L HITT 25 pny o THRAF B
AN T I L P AH DG 2R 4L
Cavity Cavity
ha(t) ) hi(t)
T p'q 1 r(t X

(t) L//) )) ) R)?l_ yi(t)  TTR :Fq///) )) ) RBI Yl rr(t)

hg(t)Y Rx2 x

ya(t) y5rr(t)

2)

hz(t)v Rx2

Channel
| @D Extraction
1
L 5 2 Selection
| ® Weighting
1
! @ Reconstruction |

1 3T CESWR Jikny TR Jr ik &K
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Fig. 3. Schematic of the experiment set up. xz(t) is the
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Fig. 5. (a) Received signals of classical TR; (b) received signals of TR using CESWR method.
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Table 1.  Peak voltage ratio of different coefficiesnts.
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Fig. 6. Schematic diagram of the tight correlation experiment (d represents the distance between the two receiving antennas).
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Abstract

Achieving tunable focus of electromagnetic field energy at multiple target points is a critical challenge in
the wireless power transfer (WPT) domain. In order to solve this problem, some techniques such as optimal
constrained power focusing (OCPF) and time reversal (TR) have been proposed. The former presents limited
practical applicability while the latter is noteworthy for its adaptive spatiotemporal synchronous focusing
characteristics. However, the time reversal mirror (TRM) method necessitates intricate pretesting and has
highly complex systems. In this study, we introduce a novel channel processing method, named channel
extraction, selection, weighting, and reconstruction (CESWR), to attain balanced power distribution for
multiple users, featuring low complexity, high computability, and rapid convergence. Unlike the traditional TR
approach, our proposed method, based on channel correlation considerations, filters the channel impulse
response (CIR) for multiple targets, dividing them into distinct characteristic and similar components for each
target. This method ensures focused generation at both receiving ends while facilitating high-precision
regulation of the peak voltage of the received signal. Furthermore, this study implements a rigorous
examination of the linearity intrinsic to the proposed method, explicating a singular correspondence between the
tuning of theoretical weights and the resultant outcomes. In order to verify the efficacy of this method, we
construct a single-input multiple-output time-reversal cavity (SIMO-TRC) system. Subsequent experiments
conducted for both loosely and tightly correlated models, provide invaluable insights. Evidently, in the loosely
correlated model, the CESWR method exhibits proficiency in attaining a peak voltage ratio (PVR) of nearly
1.00 at the two receivers, with a minuscule numerical discrepancy of merely 8 x 107 mV. In stark contrast,
under the tightly correlated model, the CESWR method demonstrates an enhanced ability to differentiate

between two targets, thus offering a noticeable improvement over the classic single-target TR method.
Keywords: time-reversal, channel processing, multi-target focusing
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