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AR AL, Rl 42 X 3 5 B S A 1 oy B kA S
A e P AR o A BRCREIR 24 0, S8 B An 5 &
XTHCEE R, MHILZ T, 2R A AT 2% g ag
e MRS H bR LT 484, 300« 28 1m0 2% S 0
NP R B 43 AT A4 A), A A5 R (n 17 “ T7 /Y e 1 5
I ) AT R ORI Bk 5 T ) — etk 7E B 2 HR K]
¥ b, EARKEAE A b B S Oh 52 W s 55 , i
A2 O 26 7 30 1 55 -5 A B AR sy i 2 A SR AR
Ji. BikZER R, ZHEIRIYE AT W 46308 1 A 2%
MR J i 5 A 2 0, $2 7 7% BARIEAROR KR 1
T ECRIAN "2 P G e bR 1 ARIBTRE J1, T 3RAS
e AL T TR S R Y E A A

R T E RV AN R S bR MR RS A AR
5 BE A3 AT b — B, A ST SR FH B IR b A 5 R 5L
(Pearson correlation coefficient, PCC)/E NI LI 5
bro PCC id 3 i £ 15 28 i B 0 20 P A G i g Wl o
P BAREARIE A S R i o0 A DR FFRE T 215 5t
e sk ol H AR AE T AL, A OGP 2 35 TR,
R

Corr(ILyg, L) =

Z Z (Isld.mn - 7std) (Ires‘mn - Tres)
\/(Z Z (Istd-,m" - Tsld)2> (Z Z (Ircs,mn - Tr05)2>

(12)

K, Corr(Lu, L) FRERPRUEEIZR S FAG R AU AH DG E
FHL, Ly WARUEERTEALE (mon) IE YR R 58,
Lo bR R - YR R R E , Loy o T4 BB AE AL
(m,n) AR EE, I A R B IR R

ZE M AL F8 $X (structural similarity index measure,
SSIM) ZE& % JEA i . X L EEFNZ5 {5 8., St a4
A NIRRT, HatBm A=Ay

up,+a)(20y+c)

(24w +c)(o2+ 02 +c)
A, M 3503 s e 5 5 T PR 9 2 5%

SSIM(x,y) = (13)
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JE, Rl o2 XL TS 2, 0, BRI 2, o Fl e, fasE
(218

1% 5557465 BRI 28 11 37 5 4 & R BORN SSIM 43 531 0
0.7137 11 0.8094, ML S Y FELI W GS FH 7% AR F 15
4390 0.7618 F1 0.8469, ZARFIHp[R] AT 2% 1 A 56
FEFRIAF] 0.8729 F1 0.8865, 43+ Il AH 45 5 AN 2% 42 Tt
20 22.3% 1 9.5%, 5 GS B ik #2 T+ 4 14.6% F
4.7%. ZEEFGMIEXT H—F A E AT /2
TEARTRIZEAY H AR (R X FE B | 02 i 7 b 5 5 24
JER R ) b 5 2 30 B i e e S — 3, DB
AMURTHRTF SR B, BB EUGE T 2 RkgE
SHERPE, DORTRAIE T AKIFE vk 7E rU R 4 B A
155 T A Bk

3 jtig

ARG A b A% 0 v R R e O vk S A
PR ) W 4% B B AT . B BOR A
AT RUHE 258 33 Pix2Pix, U—Net Fl1 VAE A9 B [F) 1
H, B IR RGeS T DASE BRI SURFIE 25 ] 1]
15 JTUART S5 R 1 7 R SR %, A8 s I T A% 45 0 32 i
B S 7 Ak 8 Ll 2 e T RS A OB R . A
SLYIERAT BT AR e, 20T R TR BN 1
U PRG54 i A S R, T A Bh AR
Tt FETMRREES T, AL A5 B[R] 2% 124
JRHMHOC R ER 0.8729, ML SR S ECE RN 4 1Y
0.713 $£7F 22.3%, 7E 4 FLECF | 402 il PRk RN AT 4%
RIEEIE AR 2 R0 B b E ¥R RS, %
SEOLFRW, 43 B B AR R e SE 0 5 LA e ) A A
KRG, W AR T B 2 e 2k ST HE R, IR A
SRR T A s F gy B T S TR T 3
R G K 51 5 B e 2R A D i TR A T —Fh = R
H sk,

RUEARDIE EEIIE T 10 GHz Zeflefb ., #—J
M4 B BUE, (B2 R R D HESR HAT B 38 158
PE, HH S EL A S R R B )12 A0 2 T T Ak
PFo 55—, Ik RS T 47 R U5 M A — 45 4 e
FsaR ST . =X (10) 7R, VAE g AR it b2
2] B BT U S8 i 5 AR ARG @ 2Z 8] 1Y) 22 %5 —
LM LR . ZWLS KR B 10 GHz 34511125, 5
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Image—driven metasurface inverse design via multi-model collaborative
artificial intelligence
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Abstract With the rapid development of metasurfaces for precise electromagnetic wave manipulation, the efficient and automated
design of complex functional devices has become a critical research challenge. This paper proposes a multi-model collaborative
framework for metasurface inverse design driven by visual images, aiming to automatically generate electromagnetic metasurface array
structures directly from visual image inputs. The method employs a synergistic multi-model strategy to establish an end—to—end mapping
from image semantic features to physical metasurface structural parameters. Specifically, a conditional generative adversarial network
(Pix2Pix) is first employed to transform visual images into target holographic textures, followed by a U—shaped convolutional neural
network (U—Net) for high—fidelity phase distribution prediction. Subsequently, a variational autoencoder (VAE) is introduced to map the
desired phase profiles to manufacturable unit—cell geometries, effectively bridging the long—standing gap between phase synthesis and
structural modeling in conventional design workflows. Numerical simulations demonstrate that the designed holographic metasurfaces can
accurately reconstruct target holographic patterns at designated operating frequencies, achieving significantly improved reconstruction
fidelity and design stability compared with traditional single—network approaches. This work provides an efficient and automated new
paradigm for image—driven intelligent metasurface design and offers a promising solution for the rapid development of complex
electromagnetic functional devices.

Keywords artificial intelligence; multi-model collaborative framework; metasurfaces; inverse design; visual images; neural

networks
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