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Fig. 1. Typical application scenarios of conformal RIS on complex curved surfaces.
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Fig. 2. Schematic diagram of the modeling and analysis of the three-dimensional (3-D) periodic
near-filed equivalent model of conformal RISs.
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Fig. 3. Comparison results of time complexity.
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Fig. 5. Simulated and calculated scattering patterns of the 1-bit 64-element conformal RIS. (a) Simulated

results; (b) Calculated results by the proposed method; (c¢) Scattering patterns in the cut-plane.
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Fig. 6. Large-curvature conformal RIS structure and its scattering patterns. (a)Geometry; (b)Simulated

results; (c¢) Calculated results by the proposed method; (d) Scattering patterns in the cut-plane.
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Fig. 7. 4-bit 64-element conformal RIS. (a) Structure of the unit cell; (b) Array layout.
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Table 1. Comparison of calculation time and accuracy for different methods.
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iz P 64 64 256 0.1866 0.1944 0.7602 0.0485 0.0269 0.0937

WA 64 64 256 4835 5523 2946
" RIRABNT .

2 ANFRAEE RS R IT R BOFERS 58 AL
Table 2. Comparison of computational time and accuracy under different sampling spacings and

expansion coefficient conditions.
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4 (£0.1 \p) 1.2 8 0.0520 0.1741 0.4225
4 (£0.1 \p) 1.8 8 0.0519 0.1519 0:6250
4 (£0.1 \p) 1.2 16 0.0520 0.3028 0.4167

F “N” Bk,
5 4

ARSI T — T R SO RIS F L P RE VAt 1) = 48 A ST 37 3 RO R My e S e M ik,
KIRTE T RGO R PE B TH SR . B e, TE I S5 B T b s SO RIS (145 17 7 Pk S e Sl 3 AL D e
VA THD = PR 85 ) (R S SRR VR R 51, AR b it 2 b ) P )y 3 il 1B B AR K SR U5 R 21 P R S R =
YL JE S0 7 K A0 S RAOUR R A1) R T v B S R i B I P M 0 (R B S T TR RIS I m A . SRS, R
J& TFFTERMEAIVE ISR 1 7 — bt ) —4EBRFFTEOR,  #Eim Se B H AR UM e P 1 e 2o
Bo %, N = AMTESIRIE TR AR ERE SR . AL, AR T e B AR A
2 E AR, B SERISTA B i A 2 o B A O v 48 N T A A
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Abstract

Reconfigurable intelligent surfaces (RISs) are recognized as a promising key enabling technology for
sixth-generation (6G) networks, offering effective optimization of network topology and enhancement of
system performance. Conformal RISs, whose physical shape elastically adapts to the host surface, enable
large-scale deployment of intelligent surfaces in a “stealthy” manner, thereby unlocking the full perfor-
mance potential of RIS-assisted networks. However, modeling such conformal RISs at both the element
and array levels remains challenging due to the anisotropic scattering characteristics of individual ele-
ments, necessitating a scattering field superposition approach. This leads to an inherent trade-off among
scale, computational efficiency, and accuracy in electromagnetic (EM) performance analysis. Moreover,

existing two-level (element- and array-level integrated). EM analysis methods for conformal RIS suffer
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from limited computational efficiency, failing to meet the stringent requirements of rapid adaptability
and real-time reconfiguration intelligence. To address these challenges, this paper proposes a novel and
efficient EM analysis framework for conformal RIS based on a near-field equivalent source array mech-
anism. Specifically, we first develop a three-dimensional (3D) equivalent periodic model that extends
the applicability of the pattern multiplication principle and integrates both network port-based methods
and active near-field subarray extrapolation techniques. Subsequently, we establish a theoretical linkage
and fusion mechanism between the network port method and the construction of 3D periodic near-field
equivalent sources. By unifying all active near-field data—originating from internal control ports at
the element level and incident field ports at the array level—into a single equivalent near-field source
array, our approach achieves seamless compatibility between element-level modeling and array-level com-
putation. This enables an efficient construction methodology for the periodic equivalent model, thereby
broadening the applicability of the pattern multiplication principle to holistic performance analysis of
conformal metasurfaces. Furthermore, we incorporate an active near-field subarray extrapolation tech-
nique to account for inter-element coupling and other mutual interactions. By extending the application
of the fast Fourier transform (FFT) within the near-field equivalence framework, we establish an inte-
grated two-level efficient EM analysis method tailored for conformal RIS. In contrast to existing machine
learning or deep learning-based approaches, the proposed method not only enhances the applicability of
the pattern multiplication principle but also synergistically leverages FFT acceleration. It maintains com-
patibility between element-level modeling and array-level computation while being insensitive to the scale
and environmental variations of conformal RIS. Consequently, the proposed method exhibits high compu-
tational efficiency, notable methodological and technical innovation, and superior expected performance.
Keywords: Reconfigurable intelligent surfaces (RIS), near-field equivalent mechanism,

internal multiport method (IMPM), Schelkunoff equivalent principle, fast
Fourier transform (FFT)
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