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Fig. 1. Diagram of experimental setup.
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Fig. 2. Spatial profiles of vortex beams with different topological charges ¢ and different propagation distances z: (a) Spatial distri-

bution of distortionless modes without turbulence; (b) the spatial distribution of distortion modes affected by atmospheric turbu-

lence. The first and third rows are the images acquired from the experiment, and the second and fourth rows represent the theoret-

ically simulate.

014203-3


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

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 1 (2025) 014203

IR RO A AR, L B A S, T
HAEARI 7 8] A TR IR LSO S BT
P A RO X AR PR B IR, AT A2 — R B3
Wi A ] 4§ AT B RN TR A R S 2 B B0 B9
ZE [ A AAIET 2 fzs, Ferb B 2(a) o i i i G
ey AE LS B A5 18] 31, [ 2(b) 232 R T 52 M)
RS A A0 A SR — AT FIER = AT SRR
RGPS, 5 AT A DUAT 2 B BTG [E1%.
1R OSSR A RSB, B EA | Z Al Ay 23 [a]
R AR, DTSR UE 1 FATT ) BRI AR A 1) 1E 1
PE. A 2 AT AR, o LA AT ST FLAR AR/
gt 103 T oRCA 4 My F5OR A% 49 L 2 1) B DR T R
PR M BT RO, AR 1] (] B R 2 AR 6
T 35 A P9 51 5 P S T A A7

3 Bk I ok R HY IR A
3.1 REZIJEXKILIT

AR ResNet i 55274 ) ik, &S5/ 4N
3 B, B SR FH 2 0 ) P 28 4 7R S 800 A i e

TR 5 o 28 L 7Y (1 W1 4 AL . ResNet-101 LU
— Nl B FZ IR, 2R RSO0 A KR T

Modified ResNet101

_______________________

h(lm)
h(zm)

Ry

i
o

Rt Tn,

FRAEFEE, W R 3x3 B, EERZEE
T, SRR EL AR it it i 0 —1k (batch
normalization, BN) J2 32 B AE A A4S /MIE & (mini-
batch) &4 b7 IH— AL I B S SR
JE G G U i A L, SR T e 1 88 07 R (rectti-
fied linear unit, ReLU) 1E MG s %L, 51 AJEZ
PEAR Y, HE A B ZRIKRHRE T, bR 48 1yl 2k 0
W S B2, ) 5 105 T 3 e R R B e
ReLU pRECEA AT JOM EE AL, B
A FAN SRR A, BEE 4 b RS AFAE. %
FEARYIE L 5 R 2SR 2 i 25, IO
FER BRI, AR E 2 ERE  fHa A
— Ak 2 FNE PR AL AR, R Bk B G B2 (skip
connection) FIFE 2= 2% > | 58 25 P BB fiff L IR i 1]
25 v B A BB R RIS EFR I I R, DTG fefi 745 o) 4
Sy TNgFife. el — MR ERZ G, AR
KA Ryl MR BRI I A — 1 ]
WS PEETH R E. FE 2, A —14
M4, XML A 2R A, A4
AR Z Z HTIMA—AFEALEFE (dropout) J2, BEHL
B — Lo S50 DL e /M LG, IERE T 25 ) 4%
MG — 2ot i 4. e HZ )= n i e A

Output

n >~
Vi RN
n /4 I\ n—1
.
n 1 -
i
}
¥
Theoretical and
experimental data

\\

Activation\

Residual Block N

Residual Block K

Residual Block A
Residual Block A

N
A

Residual Block R

Dropout
FC(99)+softmax

Global max pooli
Dropout+FC (102

K3 PREEA S RE. PRAESA 5T 2% th R UL 19 ResNet-101 I8 J2 A1 H BT B (9 TUZ 4L
Fig. 3. The deep learning algorithm. The deep learning network consists of the unaltered ResNet-101 bottom layer and our

redesigned top layer.
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Fig. 4. Accuracy of our trained deep learning algorithm.
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Abstract

Fractional-order vortex beams possess fractional orbital angular momentum (FOAM) modes, which
theoretically have the potential to increase transmission capacity infinitely. Therefore, they have significant
application prospects in the fields of measurement, optical communication and microparticle manipulation.
However, when fractional-order vortex beams propagate in free space, the discontinuity of the helical phase
makes them susceptible to diffraction in practical applications, thereby affecting the accuracy of OAM mode
recognition and severely limiting the use of FOAM-based optical communication. Achieving machine learning
recognition of fractional-order vortex beams under diffraction conditions is currently an urgent and unreported
issue. Based on ResNetA, a deep learning (DL) method of accurately recognizing the propagation distance and
topological charge of fractional-order vortex beam diffraction process is proposed in this work. Utilizing both
experimentally measured and numerically simulated intensity distributions, a dataset of vortex beam diffraction
intensity patterns in atmospheric turbulence environments is created. An improved 101-layer ResNet structure
based on transfer learning is employed to achieve accurate and efficient recognition of the FOAM model at
different propagation distances. Experimental results show that the proposed method can accurately recognize
FOAM modes with a propagation distance of 100 cm, a spacing of 5 ¢m, and a mode spacing of 0.1 under
turbulent conditions, with an accuracy of 99.69%. This method considers the effect of atmospheric turbulence

during spatial transmission, allowing the recognition scheme to achieve high accuracy even in special
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environments. It has the ability to distinguish ultra-fine FOAM modes and propagation distances, which cannot
be achieved by traditional methods. This technology can be applied to multidimensional encoding and sensing

measurements based on FOAM beam.
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