Chinese Physical Society

Mﬂ#ﬂ Acta Physica Sinica

. Institute of Physics, CAS

ET i8] IR MK VIR ERPE 5 | B E S EE IR S Ak

MARE EFKE $FH RKE

Single frequency spatial power combining using sparse array based on time reversal of electromagnetic
wave

Chen Qiu-Ju Jiang Qiu-Xi Zeng Fang-Ling Song Chang-Bao

5| Fi{5 & Citation: Acta Physica Sinica, 64, 204101 (2015) DOI: 10.7498/aps.64.204101
TE£8 %152 View online:  http://dx.doi.org/10.7498/aps.64.204101
A %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/120

TR RER B E b3 E

Articles you may be interested in

T 5 e By WU AR T A B A U IR & AT AT

Study on composite electromagnetic scattering from the double rectangular cross-section columns above
rough sea surface using hybrid method

YH % 4.2015, 64(17): 174101 http://dx.doi.org/10.7498/aps.64.174101

BT AR AR LB B 2R BT 55 R A S A8 T A4 ek 06 E

Design and radar cross section reduction experimental verification of phase gradient meta-surface based
on cruciform structure

YH % 4.2015, 64(16): 164102  http://dx.doi.org/10.7498/aps.64.164102

iR FH EL 5 R R 0 L SH RS o i 8

A broad stopband common-mode suppression defected ground structure filter with complementary struc-
ture

PP 22 4%.2015, 64(16): 164101 http://dx.doi.org/10.7498/aps.64.164101

LT ARG 2 AR 15 T2 325 W SR AR 2% BT HATE 9T
Design and study of the elliptically cylindrical transparent concentrator based on transformation optics
PP 22 %2015, 64(15): 154102  http://dx.doi.org/10.7498/aps.64.154102

FERARHE IR 7] B FRS S 1S R B 18 5 SEIG R
Theoretical and experimental study of the electric resonant coupling between two metamaterial resonators
YE A 4.2015, 64(14): 144101 http://dx.doi.org/10.7498/aps.64.144101


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.204101
http://dx.doi.org/10.7498/aps.64.204101
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I20
http://wulixb.iphy.ac.cn/CN/abstract/abstract65086.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65086.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65086.shtml
http://dx.doi.org/10.7498/aps.64.174101
http://wulixb.iphy.ac.cn/CN/abstract/abstract65003.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65003.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65003.shtml
http://dx.doi.org/10.7498/aps.64.164102
http://wulixb.iphy.ac.cn/CN/abstract/abstract65002.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65002.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65002.shtml
http://dx.doi.org/10.7498/aps.64.164101
http://wulixb.iphy.ac.cn/CN/abstract/abstract64990.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64990.shtml
http://dx.doi.org/10.7498/aps.64.154102
http://wulixb.iphy.ac.cn/CN/abstract/abstract64673.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64673.shtml
http://dx.doi.org/10.7498/aps.64.144101

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 20 (2015) 204101

£ T8 RRE R AR DRI D) 2 4715 S =i
SES

L&

ZKE

TFR RKE

(BT LFE2ER, 5 BACHE fseh =, & 230037)

(20154 4 A 28 HUEHI; 2015 4 5 A 23 HIZ R eH )

SN IR] SO HOR, FL T MBS S AR T A B ECE R, S ST SRR R, RS
JRA 5 1 E foe R 2 AR s R AR (9 8 THRFAE 5 AR i 1R 22 K B e o R AR IA 5K, IRl #g i 5 11
FOUFSEWEIT 7 ARGL VR Z2 X6 I 8] B B 5 & BRACR 5. 70 ek, 4 Hoth 250 e i, e i Az iR 2
HR M — € VE I B3 50 A, HAHELARSL, AR Dh 2 2 0 5 SR B E S R e Oe %, (S IRE M TEH A
R WEAE DA 20 B 5 AR J5 22 5P PR G, HARZE 20 A Y BB S I, B e BOK, W B Th - I 20 F) &
RT3 ZMUN. i REURRY], RMEAAAE € IARRLRZ, RTINS 18] S B, Ul SEBLE S 545 H bs
ARSI AT R S BE B TR R AR R 22 (R P G B L 25 45 75 SR 5 SERL R AH AT R B 8. ARSI ik 5 4k
AT U AL R ) D258 G P e T R Bl s S5 R o B P i it E R A A

KRR IR S, B T, MRS, A1) DR A

PACS: 41.20.Jb, 42.25.Bs, 84.40.Ba

1 5 7

B [H] [ 38 (time reversal, TR) A 5 tH &
AU RRIE 7 B O, T 2004 SR 51N B LR 2
Ak 2. Z AR R LR B — R RS S A
IF 3R AT SRS, R EE R R S H 2. I ) ST H R
W B A I - D AR B {3434 AR AT DAY
HF L. FERE . IR F G S 2K
RYE, kB 1 2006 4E LK, S£EH
PG INHE TR 225 TR-UWB @G KRG MR iEAT T
AT AL S BGAIE P01 2007 FE DASK, HEE RS L
K2 Fink BF 78 /N 20 K v 18] [ 37 7 FH R4 0 9 e A
St TR-UWB REEHHT 1 52500 78 8. 2007 48 LA
Sk, BT RIS NSO T TR B AR
Fe, 75 TR-UWB 3815 S50 22 4t - I 1] S5 35 i it 1)
PR T T — R AR O g ok
26 18] 3PS AR B0 7 ST B R A5 5 7E I 1]
FARBIARZA: T SLIHE PR T, AR

T #EE#E. E-mail: 11107769Qqq.com

© 2015 FEYIEFS Chinese Physical Society

DOI: 10.7498 /aps.64.204101

et TR EORITRE T AL BB BR D24 7
[T VRS Ll L BT R Se AT I St S p e i
B3], ) FH AR Sz 42 1 76 32 7 1) SR B0 43 8] D 23 A
A P AT R AL I 370 1% B EAH A5 7 70 0 F e (1 3
XI5, 55 BEETT HERAIN 1] € A7, DTSR S 3 3K
AT AETHLES. 5 AT BORANF 2, 58 PORAE X
S A B TS HEAT . MR B ) D )
FIBE BRI T 5 S S BT A5 48, AR
TRk B 5, e Ron PURAR ST Ay BB RHBOR
2 TV TH] [a] o T 2 apl Qe 1 P, 0 — T A2 X
PR A R S T AR AR B, (BB
SRR TCHUE 2 S BLEAT AT, HLRERCOR 2 1)
T3 AT T ABCBE < H b A A% R A S LR AR AL T
[ — BUR”, 78 AR A R ZE A R 1 1 B e 4 BEATLIN 52
SR H bR X IBAL & B (137 58 00 A KU, OF
WEFC T IR AL 5 T A TR H AR X sk Ak L 37 73 A
K. B AW TR K 2 IR TE S
M T7 1 DA R 22 TORE T AR R 22 0 BRI S R Y
BALWETT. AR SO 8 B I 8] B H R AR I -2 [

http://wulizb.iphy.ac.cn

204101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.204101
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 20 (2015) 204101

A4 BEFETT 0B, M) P N 1) s 366 P TG 5 FA AR
T RN AE PR AL XIS BT R o, I T
IR R A R g Ed B i 5
D7 FH W T T A AL R ZE %) I (8] S S S
JRBICR BRI

2 HHE KORRBE EAE T
ER

FE 2 18] T ) H AR AT AL B H AR R 4RI XA
BCE MBI AR AR P, G 1, A5 AR A5 ) L
WA BHESR G N ToH nd?%%ﬁiﬂi%qﬁ BEAFE
JC A FARWHL S A /D B s . AR AHE. $RIR
B AE 5ol 1 e, B ER U S, R
PR i 2 L4k Jm 2 S iR IR B 2R AR

tz H(z,y,z) T (Hbrs)
P(H‘Tu) Yy

BRI

Ai(i,yir25) X

Bl1 FESC. Hbs S & AR bR s 25 [l A B
Fig. 1. The spatial location of nodes, target point and
pilot point.
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F1 HIREABE M (x1073)
Table 1. The 0’% of the spatial power combining efficiency at the target point.
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Fig. 3. (a) Sketch map of the array; (b) antenna directionality function.
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Fig. 4. Power combing effect in the targe point’s neighborhood: (a) Image of power distribution in 6 = 0;
(b) image of effective points distribution in § = 0; (c) image of power distribution in § = 31/20; (d) image of
effective points distribution in 8 = 31/20; (e) image of power distribution in 6 = 21/5; (f) image of effective
points distribution in § = 21/5; (g) image of power distribution in § = 1/2; (h) image of effective points
distribution in 6 = 1/2.
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Single frequency spatial power combining using sparse
array based on time reversal of electromagnetic wave
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Abstract

Based on time-reversal (TR) technique, the model of single frequency spatial power combining using sparse array
is established. The efficiency function of spatial power combining is defined. The expression for the relationship of the
statistical characteristics of combining efficiency at the time of maximum amplitude with the phase error and the number
of array elements is derived. The analysis shows that when other parameters are determined, if the phase errors of the
array nodes are mutually independent, and obey the uniform distribution to a certain extent, the combing efficiency’s
mean would not be related to the number of array elements N, but related to the statistic parameter of phase error. The
combing efficiency’s variance is related to not only the statistic parameter of phase errors, but also V. Once the statistic
parameter of phase error is fixed, the greater the value of N, the smaller the variance is. So, in the engineering application,
a large number of small power nodes could be used to reduce the phase error’s effect. In addition, the influence of phase
error on the combining efficiency is investigated by both theoretical analysis and the numerical simulation. The results
show that when the array elements work at the same frequency, polarization and antenna type, the parameter of phase
error would affect the combing result. The smaller the parameter of phase error, the larger the power of the effective
point is, and the more concentrative the effective points’ distribution is; the greater the parameter of phase error, the
smaller the power of the effective point is, and the more dispersed the effective points’ distribution is. It is also seen that
even though the phase error occurs, the spatial power combining can still be realized with the time reversal technique.
The determination of the phase control precision is the compromise between the requirements and the possibility. The

results presented in this paper are useful for developing the microwave weapons with high power and electronic warfare.

Keywords: time reversal technique, single-frequency signal, sparse array, spatial power combining
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