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Abstract: The vortex beam can carry orbital angular momentum (OAM), which is associated with the spiral
wavefront structure. The vortex beam has attracted a widespread attention due to its capability to significantly
increase the transmission capacity and the spectral efficiency of the communication systems without the
bandwidth increase. However, the turbulence in free space will cause the distortion on the spiral wavefront,
resulting in the inter-mode crosstalk and the received power reduction, that degrade the communication systems’
performance. Adaptive optics is one of the effective methods to correct the distortion. The basic algorithms in
adaptive optics for wavefront correction was reviewed, such as, Shack-Hartmann (SH), Stochastic-Parallel-
Gradient-Descent (SPGD) and Gerchberg-Saxton (GS) algorithm, and the application of deep learning in
wavefront correction was presented. At last, the authors' research work on the wavefront correction in underwater
environment was introduced.
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ZENFEMRY, AR B IR R A A | IR
V8 T8 T 485 K A D SR, R A% it AR e, SH R e B A
A7 5, BIZE A s AR o P i TSR B vk )
OAM BAHE IEAE, HAMEA BA 24k, NI £ 8k 15
BT A R — AR A, DT 4 o5 1 2 Fa AR % 4
RU R E T M H TR B ERE.
BT 345 1 22 40

1992 4F, Allen 4 " 15 Ik & i Laguerre-Gaussian
(LG) 5 1y ot 3 52 W i ot , Hot 3 % 3k Kexp (ilp)
12 ¥ FI o7 50 sk Ay 1 4R AR, 6 6 3 v A G T Y
OAM Hyin, nh & A S0 80, o W I i f . 2012 48, 4
R K2 E AR S R R T R T
OAM 75 & 1 (1% 3 8 g 13l 5 3K, e v 1 % AN 1)
OAM 545 16 il (14 1E 28 W6 BE T HDGAR 5, Bk
AN IE 1.37 Thiv's. [ I, OAM 1E R —Flugi Bk &
B H m SRz Y, SR, 78 52 PR3 T
OAM [J FSO 38 15 B I v, W, J6 HR KA 6
OAM 725 (14 K S AN 7T 3hE 2 A9, AT 5 8 30 5 ' o
F1hy B a1 & AR W AR O BRAIG T FSO Al 15 B I Y T
o AN, T2 BE N EEL R, TR
OAM 725 22 [ ) 43 B MR T S8 AR 57 1, i O T Pl Al
2O 1 OAM 2 [A] e A A5 [a) E3 3, 5% &2
HE RO PR T,

£ FSO 8 {5 R GeHh, 1 B OAM Y3 1 I
R AR (IR R A AR 22, B Sesr s ik . X, i
DTS | 265 6 3 VA D & R 2N o S S B Sl N
JEd BB IR R L R TR I R T 42
EEEERE, DB ZH AT R, X Emw
A LAy R Bt din it 09 25 [ S0 BE T [ 3 W O 2
(Adaptive optics, AO) [ 1 Fif 4% 1E £ AR A1 %3 8] 43
BEHARN,

SCHA T IR TE G R B 1 3 I A U A IE 4
AR, MR A T e SR 5 (0 FH I A% 2 43l 7 L i A%
TR NG T 0 AL A PR 28 70, 3 2 ) TR A5 A I
AR FEA T, TR ZEARMBH . 555, 8 T K
I i A A I B R A AR I

AO AR AT LUME 5 IR Ui 55 PR 20 DG I e g i
DIOETINI IS O N - TN e <11 Nl Ve o B
BB Tz N,

FET AO M HTAS IE 3= EEAL 5 S AR | IR
A AT TE = AN 0 o R A e e 2 ) 4% T W 2
WEHIE 5, %05 5 2 P A5 i+ R e i A #4521 %
HIFE S5 =, Tt BRI 1 RG2S IE 5k
S5 IR W LS B A AR SR B AN . BT 1 o T AT
AO M FTA IE AR, MR 48 2 75 75 2800 5t W3 722 AH A6 1)
WG A o IR, BT a5 - R 2
(Shack-Hartmann, SH) % Aij 4 1F 4% AR 202 5 22 313
HAG A, 8 T 5% ZU a5 s — 28, i 5 — /A
T S A R 30 e B R IR A i, H kAR
A Gerchberg-Saxton(GS) AH A % & 4112324 | i
HLI A7 86 R [% (Stochastic-Parallel-Gradient-Descent,
SPGD) B350 5L R ATADLR K AR P R
FHURBE 27 2] BEA T IR E Y 5 70,

AO correction technology

/ \

With Without
wavefront sensor wavefront sensor

I GS phase recovery

SPGD

Genetic algorithm

Simulated annealing
algorithm

SH wavefront correction

Deep learning

B 1 5T AO R IERA

Fig.1 Scheme of AO-based correction technology
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Fig.2 Correction effect of SH algorithm®”
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Initialization, extracting the amplitude a, of the original
distorted Gaussian beam through the turbulence and the
flat phase ¢ of the original Gaussian probe beam,
the initial light field is a, exp (ig,)

Performing FFT on the light field to get the spectrum
functionafter transmission 4, exp (ig,)

Replacing the amplitude 4, with the amplitude B,
of the original Gaussian beam, retaining the phase
¢,, and getting a new spectral function U=B, exp (ip,)

Performing IFFT on U to get the amplitude and
phase function b, exp (ip,)

Replacing b, with the amplitude g, of the original
distorted Gaussian beam, and keeping the phase ¢,,
denoted as u=a, exp (ip,)

e No
Satisfying error accurac

Yes

Getting the required phase information ¢,

K3 GS M kAR
Fig.3 Flow chart of GS phase recovery algorithm
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Fig.4 GS algorithm corrects atmospheric turbulence interference in OAM state multiplexing system!'”
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Fig.5 Decomposition of the beam after passing through atmospheric turbulence with and without a correction'®'!
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1% PR 8 (Optical Transfer Function, OTF). 1% i# i & 2
K55 . SPGD F ¥k TG i i 5 24 1 AO AL
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d.F orvgard Light intensity Light intepsity
1sturbance distribution 7, , correlation

U AU, coefficien C, ,

Ui =U AU (C = Co )

.Reverse Light intensity Light 1nte.nsny
disturbance distribution correlation

U—AU, 2k coefficien C, ,

Kl 6 SPGD JHIEER (h+1) YGEAP
Fig.6 The (k+1)th iteration of the SPGD algorithm®!
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1E . SEBREE R, 20 ik nT LA TR B A 1 3 o ) — it
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14 BEEHRMBELUR NE X

Br T GS 535 F1 SPGD ik 2 A, HoA I 75 % i
AR 19 AO A 1E J7 1k R AL 36 3 A4 53 0 | R LR ko

2007 4, HhERlAEBE ' AL AR BIEST BT 22 S0 BE -
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A7, $egh 7 AP eR B E AT ek, 3l e ik 1
VLR SGH B, 15 B T A AR B, AR
KB LLE T OAM YB3 B A i AL
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Fig.7 Sensor-less AO system using CNN to correct wavefront distortion
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B Hh e 202 . PRI AR AR A A5 B, 2o ) W AR
SN AR SRS A I TR A%
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MUK T ZALEE R, B, WG RTEK T 1% 5
I [R5 52 B K T i it 1 5208 o 7K i i 4 1) 2 FH
T IZ S | 22 R R TR A B it S AEm 8]
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