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Figure 1 (Color online) Structure diagram of three-dimensional
metamaterial absorber [26].
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Figure 2 (Color online) Schematic diagram of Vivaldi Antenna. (a) Antenna structure, (b) antenna loaded with meta-lens and sidelobe suppressor, (c)

meta-lens unit, (d) sidelobe suppressor unit.
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Figure 3 (Color online) Phase compensation schemes and corre-
sponding far-field directional patterns [47].
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Figure 4 (Color online) Inverse design method framework [51].
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Figure 5 (Color online) (a) The entire algorithm design flowchart, (b) solution space distribution, (c) optimal array under multiple target angle

conditions, (d) comparison of simulation and design results [52].
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Figure 6 (Color online) Schematic diagram of LSTM architecture.

290016-7



HIFRES. BB B J58 ROC% 2023 4 S 538 SH oM

BRUC. e BRI AR L T A (DHEAT T
1, =5 * 100%, O

Horp iR BB R, RIS, ndoR LTI,
NF R S RN TR R 250 BT &
PR, R B AL IR TR B BEAT T SN, SR
K.

42 4R

7 E B 73R IR BRI 32 2GR 1A] 7E 200620244
[ a3 Fodh2023 52 1202445 AR Tl £ b,
AR R HCEE, 2 8 B [R] S E ] I AR %=
5, BUBRRA SR B AT I — b, R R OCEE
A BT J8 28 A I 4 R DY AN K.

(1) FEF BB s R R 42 BB T 7T 7 )

FEAT R 0T H R I ) B AR QA . AH A
WAL R S AT RO R /7. 36T KB
R, DARAL SRR B, ﬁn%% S 99 HL R O <
PR “RRACFE S <M AL 8, TEAR A R B T

BEENE
HEEEER
KFz
Fi
BALER
HEESEY
iR
REAHE

KRFEER
Fano3tif

=R
BUARER
B

i1
E—fi
EAEH¥%QQ

L 1 1
2006 2012 2018 2024

7 (MEERRZIED) 2006202448 A Bk e a3 7 = &

T, <JUFTARAE B BEARAL <ML AT HE A 45 S B 1]
FERPERIGAC. TR, V2 BRI h itk hr
TFBJE” “Fanod LIk «HL A S IE W] A H B &
eI\ G AR, 51K TR FUE I 2 R0E. 48
FRARF W T T, <5 B “ARXS PR AR <id 4t
SEAEA IR b2 B0 T R

(2) BB TR AR AT [

A T ARG AR TR B 1) T R A AR
Fﬁ%ﬁm%,ﬁﬁﬁﬂ&ﬁ@%%ﬁﬁiﬁﬁ&%

Tuﬁﬁ,fﬁﬁnﬁﬁt ﬁﬁﬁﬂ%%%ﬁmﬁ
FL7 ¥ T A 5 I BR 22 00 A IR T,
SRR PSR SVE AT 7L H AT CANE ORE R . 24
Blscrh By m, <PHpTILECHIS 5 ROR BB R
ATy SR e AUt A SCHE R BE R R A8, TR 6K A 4
LS ) TR R P 20 DU LR I TR A R
T, FEAIBLTE . AEESZR (0 Gt 45 R T A,
“PrIMLAL 5 U AR BI% 5 T R IR SRS O 2 (I
TERIE.

BAEKBERT
HEE
ROSEHRST
RCS

3DTED
Bk

L 1 1
2006 2012 2018 2024

Figure 7 (Color online) Schematic diagram of metamaterial development trend from 2006 to 2024.
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Research progress on design and application of microwave
electromagnetic metamaterial

TIAN YuZe, JIN Jing , YANG HeLin, FAN LvRong, HOU JunJie & LIN Hai’

College of Physical Science and Technology, Central China Normal University, Wuhan 430079, China

Electromagnetic metamaterials have attracted extensive attention from academia and industry in the past two decades and
have been widely utilized in military and civil applications. Electromagnetic metamaterials can overcome the limitations
of traditional electromagnetic devices because of their extraordinary electromagnetic properties that natural media do not
possess. Electromagnetic metamaterial have an excellent ability to manipulate electromagnetic waves in different spectra,
which has resulted in the evolution of various electromagnetic functional devices. With the increasing demand for
applications, the structures of electromagnetic metamaterials are becoming increasingly complex, and their functions are
diversified. The fusion applications of new materials and new processes in metamaterial continue to emerge. The
research on the design methodology of metamaterial driven by artificial intelligence and optimization theory is
burgeoning. In this study, the development and application of electromagnetic metamaterial in the microwave field are
briefly summarized based on the research findings and industry development in recent years. A total of 4949
electromagnetic metamaterial papers are included in the CNKI database as the corpus, and the LSTM model is introduced
to statistically summarize the current development trend of electromagnetic metamaterial from the perspective of big
data, providing valuable guidance for researchers engaged in this field.
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