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Research progress of active metasurface for intelligent radar stealth
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Abstract: The new active metasurface has the advantages of small size, lightweight and easy integration, so it has an

important application prospect in weapon radar intelligent stealth. Based on this, focusing on the requirements of radar

intelligent stealth for current weapons and equipment, this paper expounds the methods, approaches and performance

advantages of active metasurface in electromagnetic wave regulation, reviews the development history of various active

metasurface, and summarizes the research status and future development direction of active metasurface for radar intelli-

gent stealth. It provides the relevant theoretical basis and design reference for the wide application of active metasurface

in intelligent stealth of weapon equipment radar.

Key words: active metasurface, radar intelligent stealth, absorbing wave, scattering, amplitude-phase regulation of

electromagnetic wave
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Fig. 1 (a) Eight types of V-shaped antennas and their simulated wavefront'’; (b) Schematic diagram of optical lens based on hy-
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perbolic phase distribution metasurface’’; (c) Phase gradient metasurface™’; (d) Schematic diagram of a three-dimensional holo-

graphic imager based on a transmissive metasurface'*'; (e) Huygens metasurface element and the transformation from Gaussian

beam to Bessel beam achieved*’; (f) The perfect absorber for optical bands
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Fig. 2

field™’; (¢) 1-bit coding metasurface sample”™’; (d) Unit of 1-bit coding metasurface and equivalent circuit of PIN diode

TR A R D A N e B 3 e o 2 ok
e Dy R AL T 52 B R PR BE . #VTR
A PRZL I A B 4 1 T 2 il 2 1T A ABE 2, £ B IR
JE 27 o PRI O A T A5 B i {off e 5 T Pk 52
I EHEAG , FET5E O TEZ AR 8 A AL
2 RREEFABRERRERE

12 GE M 4 R RE A A5 AT P 0 R e 4y
HoA I AR RE SR, W WAL F T4 20 B ] DRI ik 55 P T
W o ARAL GRS I bR AR RS PR i 0 P, LA
IS [ ELAS AT IR A%, X BRA AR 2R 2 AR R
B3 H R I o T R 904 80 28 T R R A 9K A X — Bk
B, 20 e oA A 2 I 018 2 A b SRR, AT LS
TR R R D IR RE T, S BRI B A R . X
Tofv R A A 75 W0 e gl 285l T 2 T LA B 2 A0
SR ELAT T2 B IO TS, BE A8 B i 1 AR 2 2R
HULERT/EN1 R

2020 45, LIRS 1 Rpad P BRI AR S R e
BT AT Bl A U R R A S R A 4 A TR
TET, 2% 2 1A 308 3 A TOUJZ 5 00 2 23 ) sk — A A
SCEL T (L A g S A A 1A 4 (a) BT, AT S B
MGE S ) B 58 A ) RAEFL AL [FAR,
PR EAE R A NS T —Fh I RE AT U146 i A U

5.5

off 0.04pF
[0.5
2.55nH 0.05pF 0.710
(d)

(a) Digital array diagram of 1-bit coding metasurface™ ; (b) Simulated scattering results of 1-bit coding metasurface
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Fig. 3 (a) The geometry of the mushroom-like unit cell®; (b) Intelligent metasurface with integrated gyroscope sensor™"'; (c)

Top and side views of the unit particle of the metasurface, sketch of the nonlinear measurement system connections'**
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Fig. 4 (a) Scheme of how the bias voltages are applied independently'®'; (b) Simulation results for all the diodes are in on-state

and all thediodes are in off-state’®’; (c) The sketch of the proposed reconfigurable metasurface®’; (d) Geometry of the proposed
absorber unit cell, measured and simulated absorptivity of the proposed absorber'*”'; (e) Ultra-wideband active metasurface absorb-

er, equivalent circuit model of PIN diode at ON state and OFF state , simulated and measured monostatic RCS reduction. ( Solid

lines, simulated results; dashed lines, measured results )"
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metasurface's meta-atom, far-field radiation pattern“g:
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(a) Schematic diagram of intelligent stealth®; (b) Schematic of the frequency-adaptive intelligent metasurface for self-

neuro-metamaterials in a security inspection system''™’; (e) Schematic diagram of chameleon-like intelligent camouflage metasur-
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face system which can alter the spectra by target recognition”””’; (f) Schematic of the global metasurface design for intelligent opti-
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cal illusion"™'; (g) Schematic of autonomous aeroamphibious invisibility cloak''”’; (h) Diagram illustration of the proposed infor-

mation metasurface’”’; (i) Schematic diagram of optically transparent intelligent metasurface"""
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