) 3B 3R Acta Phys. Sin. Vol. 75, No.1(2026) 010402

B TR M 45 5 Bt 1 i T HRes BR IE SR
SMEHERNERIIRATTE

REHDS) x| D2

A Ik & V2

ET S

KRAY

1) (fedbr i R+ Sl TRR, €  071003)
2) (At iR, WA AL R AR T S0, (R 071003)
3) (MRt Sy K2, MG S, - 071003)
4) (WHE R Y RLE SHAR SR, fRE  071002)
5) (RETH—OBEREEAL, fRE  071000)

(2025 4F 8 A 5 HUIkFI; 2025 4F 9 H 22 HYEIEMH)

ASCE T — AT A5 TR 4 W& (convolutional neural network, CNN) 5 Bt i ¥ 4% 45 4t #% (vision
transformer, VIT) [ 34 JiE Y6 3R & N A LB ff 3l i (orbital angular momentum, OAM) #5077 vk . LU
T U A A 1Y) = Ay 5 AR - S OGRS O S B A A6 B R A, A LS T CNN 3 R AR e 2 UL e 5
BB 7 2 AL 3K B 9 VIT (9 4 Je st 43 28 B8 S, 2 TR v 80 i 190 0 728 w3 25508 i) 3 3 B (L4 B
TV i i PR B A OAM X, 1) 1T 2y 38 3% S 18 vk ASE UL T B U, LA R 031 o 0 38 R ¥ 4 PR A Sl OAM A5
YU PG T b . SC R 45 SR B, ONN-VIT #5848 R [R)W E 0 i ik 3 L B L A it s A s () B 2% 1 T
YR B 5 OAM ARSI B St 68 5 B 19 CNIN AT VIT A Lb, 7 SCASE 3 78 58 0 1 il 0 45 14 T 11
SIAERG R A BIR T T 23.5% F19.65%. X EH T CNN-VIT B 7E I8 E 6B A OAM A IR 51 ) 17 FH s 77

KR HOEH, W, SRR, B

DOI: 10.7498/aps.75.20251048

1 5 =

AP A )& (orbital angular momentum,
OAM) IR HENEH /K N IELOLiE(E (underwater
wireless optical communication, UWOC) #& it T
BRI AR RS (01, SR, T i s | & B BEIL
FADLHE 32 S EORBEC AR AT AZ, BN OAM A
A A, JEITE B UWOC 38 {5 i R R 67,
PRI, AIF 5 T U P B 4 i O AM S5 TR ik
FERBE UWOC A rT SR G R L.

THELHR OAM B 24 1L Gt 4
ARG S FR MR 7 X, 7R I i i 2 1

CSTR: 32037.14.aps.75.20251048

T, WREEAL G 35 AT S AR R B8 BE G R
() OAM B AT I 52 2% 1 52 360 206 RS A B8 B (1)
1 N T Y L N B 3 i i IR e
FEARAE OAM A5 2R 50 450388 1oy FH oA )32 19131,
2023 4F, Zhang % " $ H T —Fh kot i L5 A e
#% (vision transformer, ViT) B%Y, REMETETR KR
T PREE T, XA AN A2 1) 5 BRI /A oh i i
BN LG R JEE A L im0, B x5 45
IR IR 255 95.5%. [R14F, Zhou %5 09 #&
W 1= LRI B R AR VGG-16 ) DL T
AT OAM B G A B0 AG P , 78 55 i 0 25 55
T, BuEAY VGG-16 8 OAM U HERG SR 550%
Gt AR T 4.46%. 2024 4F, Wang 5519 FF & T —

*ER A REIESS (S 62071180) AL B IR REBUREI H (S YKCSZ2024095) %% By i54EL.

t iBIE1EE . E-mail: tacliu@ncepu.edu.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

010402-1


http://doi.org/10.7498/aps.75.20251048
https://cstr.cn/32037.14.aps.75.20251048
mailto:taoliu@ncepu.edu.cn
mailto:taoliu@ncepu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 12 F R Acta Phys. Sin.

Vol. 75, No. 1 (2026)

010402

FiET CNN 1 OAM AR A7, it A i
By LG & A s A B, S0 TR RR S
Tt PR EE T OAM xRS vERN. M ], Bk
FIFHERBE 2% 2] ik AT B 7S OAM #E=CH HiH
197 —E B, ARAE SRR B e IR 22 A
e AR B A U 5 VAT T G Bk
FT FRBFSE, B 3 & hN LG Yl
R AR, 5IAM B X% 48 Transformer
AT, A T A G VIT 5 CNN (Al
TRAHH, BT TR R RV e T
Xof B INZS IS HEYE R OAM Bk TR I i .

2 RO
2.1 EITEMLG HFREE

LG Gy 2 ML) T EC R, 7R S50 v A A
FM AR 5 A, A SORF LG OGS ML
X5, HAE AR e A 2R 11

E(r0,2)
1 2p! var\"
LR D AIE)
—r2 2r2
e Lu (zﬂ Ly <w <z>)

) ikr?z
X €Xp (7110) eXp [W]
R

i2p+l|+ ) tan™" (Z/Z)], (1)
o 1 F0 p o SR OAM $h+Maf (E AL 0] 48
(a) (b)

LG3+LGjy? LG3+LG{? LGZ+LG;? LG3+LG;?

X exp [—

LG3+LGy! LG3+LG{! LGZ+LG;! LGZ+LG3!

LG}+LG) LGZ+LGY LG3+LGY LGZ+LGY

LG+LG} LGZ+LG}] LG3+LG} LG2+LG}

LG3+LGy° LGZ+LG{° LGZ+LG;® LG3+LG;?

LG3+LGg? LGZ+LGi? LGZ+LG;? LG2+LG;?

LGZ+LG§ LG3+LG} LGZ+LG} LG3+LG}

- - ~
- s -

LG2+LGE LG24+LGY LGZ+LGE LG2+LGH

B 1 341 OAM B4 16 M & LG S 38 B 43 1 KR

B, DL pric LG OB BRI, L) A /R ZE
W, w(z) J& LG OCHRTEAR i 2 BB A%, wo
HCHRARIE TR, 2 = mw2 /N EEFITEES, A 20k
K, k=2n/XEE
FeF Wu S5 08 fE57 (8N LG AL,
3 2 AT S RS BUE LA AL 3 4 LG Ot
KBNDETIE N . &2 S %6 LG ORI
FNGTEC L SRR AR R P oA R E A (RS =
2, P, =0), 5E5 M 4 2 mAER (po =0,
1,2, 3) K& 3RPLIEMIERFENL (Al=1, 3, 5)
PEATAR T, A 3 s 16 Fh b ERE
) OAM HixlsE. R EMIIMT A& 57 48
BBCETE IR 1 RS EUEE.

#1 LG uapis

Table 1. LG beam mode selection.
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Fig. 1. The 16 superimposed LG beam intensity images in three OAM mode sets: (a) Setl, Al=1; (b) SetQ, Al=3; (c) Set3, Al=5.
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Fig. 2. Simulation of oceanic turbulence using power spectrum inversion method.
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Fig. 3. Fusion network structure of CNN and VIT.
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Fig. 7. Confusion matrix of different models.
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Orbital angular momentum pattern recognition method for
vortex beam superposition states based on convolutional
neural network and improved vision transformer”
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Abstract

This work proposes a pattern recognition method for the superposition state orbital angular momentum
(OAM) of vortex beams based on convolutional neural network (CNN) and improved vision transformer (VIT).
Organically integrating the local feature extraction advantages of CNN with the global fast classification ability
of VIT driven by sparse attention mechanism, using three sets of Laguerre-Gaussian (LG) beam patterns with
superimposed light field intensity distribution maps of ocean turbulence distortion as input, efficient and
accurate recognition of end-to-end wavefront distortion is realized. MATLAB numerical simulation is adopted
to simulate the superposition state LG beam in ocean turbulent environment, power spectrum inversion method
is used to simulate ocean turbulence, and recognition accuracy and confusion matrix are used as evaluation
indicators for OAM pattern recognition. The experimental results show that the CNN-VIT model exhibits
excellent performance in OAM pattern recognition accuracy under different ocean turbulence intensities,
wavelengths, transmission distances, and mode intervals. Compared with existing CNN and VIT, the proposed
model improves recognition accuracy by 23.5% and 9.65% respectively under strong ocean turbulence
conditions, thus exhibiting strong generalization ability under unknown ocean turbulence strengths. This
demonstrates the potential application of the CNN-VIT model in OAM pattern recognition of vortex light

superposition states.
Keywords: vortex beam, ocean turbulence, convolutional neural network, mode recognition
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