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Fig. 1. Logic chart of automatic zone selection channel
matching method.
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Fig. 2. Relevant parameters of the MPT model: Schematic diagrams of (a) two and (b) three MPT targets; (c) antenna element

structure; (d) excitation signal.
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Fig. 3. Long-time MPT field strength distribution based on TR technique: (a) Field strength distribution diagram in the 2~y plane;
(b) a-direction field strength distribution.
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Fig. 4. Long-time MPT field strength distribution based on channel compensation method: (a) Field strength distribution diagram
in the 2~y plane; (b) a-direction field strength distribution.
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Fig. 5. Long-time MPT field strength distribution based on automatic zone selection channel matching method: (a) Field strength

distribution diagram in the 2~y plane; (b) a-direction field strength distribution.
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Table 1.  Average value of each parameter under MPT of different methods.
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(b) three-dimensional field strength distribution.
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Table 2. Average value of each parameter under MPT of different methods.
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PR KRR/ (V-m™) TR R 3.268 4.655 0.510
PR R 2% TR 6.34% 10.18% 1.14%
IR EE /mW TR 1.573 2.251 0.330
TR 2 TR 11.19% 18.73% 3.18%
T REROR 0.139%0 0.412%0 0.365%o 0.664%0
A4 A ZEMA /mm? ToR 74.667 97.556 43.556
K ERIEL/dB ToRE 4.016 3.679 3.406
AIRERTK N A4 S8 EE 2 gl R A shIX AR REAS A BE.

SRR IE VT A R i 22 (8 L P2 i

R 265 B DR E(E P TR W 22 % |

S RERCR LA S Y AR 2 _E A, Ho, P
P Ko 264 0.510 V/m, {U A TR AR
15.6%, 15 M 200 10.9%; FI DR 220 N
0.330 mW, {8 TR £ARRY 21.0%, {78 #MEAE
1 14.7%, KiEFEF T = BAaKE MPT #3425 1.

B H AR 3N, T RERCR 5 -2 1
FRZEEG R GE. Hor, SFIHIBERCE A 0.664%0,
TR AR TF 61.2%, 15 8 #2205 ik $#2 7+
81.9%; ML 2ZE(E S /NN 43.556 mm?, i 7E
ZHERKE MPT B 8h K38 E 585 18 VA ik

B & H AR B4, e 3 R s Ry
3.406 dB, XJ& H¥ra2 BE A TR L) M A5 18 B B AR
TR I TRM M el % 75 S s 1 fin
{5 1B HE T SR I n)

P 1A 2 A, [FIEAME T BN S
B I RE R, 1T A S X Sk B VL ik
WIHA A E ek, & T2 BEsm¥5) ke,

gi L rik, 7R B2 [ 1T 2 H bR i
MPT B, [ 3l DX IR 505 18 VC AC )7 B 78 ORIE S g
ORISR b, ARE IS B AL 5 2R A B B
i 5 AT ACE AN A H bR i3 54, s th—E
P AT A k.

014101-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 12 Z R Acta Phys. Sin. Vol.

71, No. 1 (2022) 014101

ASCH—F UL TR BAR 5 EAME 5 R
LRk A sh XIS B R VC AL i, SER I R
25 [0 N2 H AR SJEE ) MPT. 155, AR SCifE S
TR fifiefs 5 B &K R, @it X TRA5 5/ fEE
W, ZRAF5 TR G THF, AW E R A
“RGIEUT RN RN U PR M 5 Xk
THES &, BeARERe B Al A B, i — 057t
i AE A3 )M Bl S R A R S 8] A 22 H AR
MPT R SUF e S L5 0. (i a5 LR R
FHIZE 2255 R SR 7 155 5 A 8l XSk BE £ (5 1A T
e 7, ANAAT LIS o 50K o ) 1 i B, 1
FffHe T MPT AU 1) [l 5. 7ER8 E i AE 9
E), P E bR A e K 58 i 22 23655 ) 238 0 25 38 1 5
TE 0.34% 1 1.21% Z2 4 ; = HFr 5 K 3758 f 22
R R g 22 R H ETE 1.14% 1 3.18% Aty I
Ab, ARSI IR SE A T A A N B, B[] A
BAR, AMGEH THASZ BArI S E e fHiee, [F
FEE T2 sh LB E A sh 75 2 B Ry )48 2

fahE.

S 30k

[1] Zhu X R, Jin K, Hui Q 2021 IEEE J. Emerging Sel. Top.
Power Electron. 9 1147

[2] Zeng Y, Clerckx B, Zhang R 2017 IEEE Trans. Commun. 65
2264

[3] Ni W, Ding F, Zong J, Ji W W, Liu X J 2019 Chin. J. Power
Sources 43 357 (in Chinese) [fiiiE, T &, 237, Z2fhifh, XI24T
2019 HLJEHIAR 43 357]

[4] Yin Z G, Shi L M, Fan M Y 2021 Trans. China Electrotech.
Soc. 36 1 (in Chinese) [BEIERI, S %28, i S 2021 L THAR
A4 36 1]

[5] Pries J, Galigekere V. P N, Onar O C, Su G J 2020 IEEE
Trans. Power Electron. 35 4500

[6] Wang L F 2019 Power Electron. 53 23 (in Chinese) [T £ &
2019 HLJJH FHER 53 23]

[7] Lee J, Lee K 2020 [EEE Trans. Power Electron. 35 6697

[8] Song J J, Zhang L Q, Chen L, Zhou L, Sun L, Lan J F, Xi C
H, Li J H 2021 Acta Phys. Sin. 70 108401 (in Chinese) [A%:
, akenk, MR, 52, INE, 220, RN AREE 2021 Y
F~£4f 70 108401)

[9] Joseph S D, Huang Y, Hsu S S H, Alieldin A, Song C Y 2021
IEEE Trans. Microwave Theory Tech. 69 482

[10] Li S G, Chen Z L, Song L, Zhang L, Li T M, Feng J J, Zhou

(11]
(12]

(13]
(14]

(15]

[16]

(17]

(18]

(19]
20]
21]
(22]

(23]

(24]

(25]

[26]

(27]

28]
[29]
(30]

(31]

(32]

(33]

(34]

35]

014101-10

S M 2019 J. Microw. 35 56 (in Chinese) [BEIRAR, BRI, R
Fh, okHE, ZERI, DA, FARRR 2019 kAR 35 56)

Fink M 1992 [EEE Trans.
Control 39 555

Lerosey G, Rosny J D, Tourin A, Derode A, Montaldo G,
Fink M 2004 Phys. Rev. Lett. 92 193904

Kaina N, Dupré M, Lerosey G, Fink M 2014 Sci. Rep. 4 6693
Zhao D S, Zhu M 2016 IEEE Antennas Wirel. Propag. Lett.
15 1739

Zhao D S, Guo F 2017 I[EEE International Symposium on
Antennas and Propagation & USNC/URSI National Radio
Science Meeting San Diego, USA, July 9-14, 2017 p231

Guo S, Zhao D S, Wang B Z, Cao W P 2020 [EEE Trans.
Antennas Propag. 68 8249

Zhou H C, Wang B Z, Ding S, Ou H Y 2013 Acta Phys. Sin.
62 114101 (in Chinese) [JAIULE, £, T, B 2013 )
FHAEHR 62 114101

Ibrahim R, Voyer D, Bréard A, Huillery J, Vollaire C, Allard
B, Zaatar Y 2016 [EEE Trans. Microwave Theory Tech. 64
2159

Lee S, Zhang R 2017 IEEE Trans. Signal Process. 65 1685
Chettri L, Bera R 2020 IEEE Internet Things J. 7 16

Ayir N, Riihonen T, Allen M, Fierro M F T 2021 IEEE
Trans. Microwave Theory Tech. 69 1917

Lee S, Zeng Y, Zhang R 2018 IEEE Wirel. Commun. Lett. 7
54

Bellizzi G G, Crocco L, lero D A M, Isernia T 2017 IEEE
Workshop Small
Antennas, Innovative Structures, and Applications Athens,
Greece, March 1-3, 2017 p162

Bellizzi G G, Crocco L, Iero D A M, Isernia T 2018 [IEEE
Antennas Wirel. Propag. Lett. 17 360

Guo F 2018 M. S. Thesis (Chengdu: University of Electronic
Science and Technology) (in Chinese) [38 % 2018 il +- 24/ 18
3C (R MR

Bellizzi G G, Bevacqua M T, Crocco L, Isernia T 2018 IEEE
Trans. Antennas Propag. 66 4380

Bao J L, Zhao D S, Cao W P, Li B, Wang B Z 2019
International Conference on Microwave and Millimeter Wave
Technology Guangzhou, China, May 19-22, 2019, pl

Li B, Liu S Q, Zhang H L, Hu B J, Zhao D S, Huang Y K
2019 IEEFE Access 7 114897

Ku M L, Han Y, Lai H Q, Chen Y, Liu K J R 2016 [FEE
Trans. Signal Process. 64 5819

Kim J H, Lim Y J, Nam S W 2019 [EEE Trans. Antennas
Propag. 67 5750

Li B 2016 Ph. D. Dissertation (Guangzhou: South China
University of Technology) (in Chinese) [2=VK 2016 1H--2%{7 i
3C (M SRR TR )]

Yuan L, Yang X S, Wang B Z 2019 Acta Phys. Sin. 68
170503 (in Chinese) [Bi#k, 5, P 2019 PB4 68
170503]

Carminati R, Pierrat R, Rosny J D, Fink M 2007 Opt. Lett.
32 3107

Ding S, Wang B Z, Ge G D, Wang D, Zhao D S 2011 Acta
Phys. Sin. 60 104101 (in Chinese) [T, £+, H7 T, £
2, BAERL 2011 P4l 60 104101

Fusco V F 2006 IEEE Trans. Antennas Propag. 54 1352

Ultrason. Ferroelectr. Freq.

International on  Antenna Technology:


http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/JESTPE.2020.2965951
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.1109/TCOMM.2017.2676103
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.3969/j.issn.1002-087X.2019.02.053
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.19595/j.cnki.1000-6753.tces.l90491
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2942065
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.1109/TPEL.2019.2962504
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.7498/aps.70.20201674
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.1109/TMTT.2020.3039604
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.14183/j.cnki.1005-6122.201904012
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1109/58.156174
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1103/PhysRevLett.92.193904
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1038/srep06693
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/LAWP.2016.2530825
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.1109/TAP.2020.2995362
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.7498/aps.62.114101
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TMTT.2016.2572679
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/TSP.2016.2641400
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/JIOT.2019.2948888
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/TMTT.2020.3047654
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LWC.2017.2753259
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/LAWP.2017.2746801
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/TAP.2018.2841412
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/ACCESS.2019.2936250
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TSP.2016.2601283
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.1109/TAP.2019.2922444
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.7498/aps.68.20190327
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.1364/OL.32.003107
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.7498/aps.60.104101
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://doi.org/10.1109/TAP.2006.872652
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 1 (2022) 014101

Uniform and constant long-time wireless power transmission
of multi-targets in local space based on time reversal’

Zhang Zhi-Yuan!  Li BingY?f Liu Shi-Qi®  Zhang Hong-Lin*%
Hu Bin-Jie*  Zhao De-Shuang®  Wang Chu-NanV
1) (School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)
2) (State Key Laboratory of Millimeter Waves, Southeast University, Nangjing 210096, China)
3) (College of Electronics and Information Engineering, Shenzhen University, Shenzhen 518060, China)
4) (School of Electronic and Information Engineering, South China University of Technology, Guangzhou 510641, China)
5) (School of Physics, University of Electronic Science and Technology of China, Chengdu 610054, China)

( Received 1 July 2021; revised manuscript received 9 October 2021 )

Abstract

The precise, uniform and constant wireless transmission of electromagnetic power to multiple targets in a
local finite space is a scientific problem to be solved urgently. Aiming at this problem, in this paper we propose
an automatic zone selection channel matching method based on time reversal technique which has the
spatiotemporal focusing characteristics. The proposed method can not only adaptively compensate for the
channel differences at different targets based on the contribution rate of the multipath signals, but also
dynamically divide the working range of the time reversal mirror elements to eliminate the mutual influences
between different targets through the use of the distance coefficient. While improving the accuracy of energy
focusing, the proposed method also solves the problem that non-uniform microwave power transmission (MPT)

of multiple targets, and therefore achieving the constant, uniform and long-time MPT of multi-targets.

Keywords: time reversal mirror, automatic zone selection channel matching, microwave power transmission,

uniform power transmission
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