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ABSTRACT

With the development of adaptive optics, the wavefront modulation technology
has been widely applied in many fields. At present, there are two mature optical wave-
front modulation methods: phase plate and programmable spatial light modulator. The
former has complex processing technology, and the device can not be erased or pro-
grammed. The latter solves the programmability problem, but costs highly. A new idea
is proposed in this paper, which is to realize programmable wavefront modulation based
on photorefractive effect. Photorefractive effect is a nonlinear optical phenomenon that
the refractive index of optical crystals changes with the intensity of writing beam. By
establishing the mapping relationship between the light intensity distribution and the
refractive index distribution , when a certain refractive index profile is needed, the cor-
responding writing light will be irradiated on the crystal, realizing the programmable
wavefront modulation. Since there is no analytical corresponding relationship between
the change of crystal refractive index and the distribution of writing light intensity, we
adapt deep neural network to achieve our goal. To reduce the difficulty of network
learning, in our experiment, a Gaussian beam is used to irradiate the crystal in a small
area , and the mapping between refractive index distribution and Gaussian parameters
is established. When performing wavefront modulation , Gaussian beams with different
parameters are irradiated on the crystal in a small area region by region, and the refrac-
tive index distribution of each writing region can be combined to approximate the target
refractive index distribution. In this paper, 12 groups of crystal refractive index distri-
bution images with different Gaussian light parameters are collected. In each group,
100 images are used for training and 20 images are used for testing. The network model
adopts the regression model based on resnet18. The experimental results show that the
average test relative error of Gaussian light parameters is 0.90 %, which proves the fea-
sibility of the method proposed in this paper. Finally, the paper uses the leaving one out

method for cross validation to analyze the generalization ability of the network model.

Key Words: Wavefront modulation; photorefractive effect; machine learning; deep

convolutional neural network
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V(eE) = (N}, — N4 — n), (1.4)

H N, 952 TR0, ORI KR A O N IR IRE YT, B R, R
AFHIERRE, 25, RSB a5 IR T

;’ = (sI + P(Np = Nj) = rrNpn(®), (1.5)

a’g(f) = (sI+ p)(Np = Np) = ypN () + év -, (1.6)

J = qunE + kgTuvn+J,, (1.7)

V(eE)=q(N} — N4 —n), (1.8)
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HERA AR EAR RIS

2.1 ANLWZEITEREE

MEMBHVGEIRL R L2 HBS M MARE W, SRy, Ein
IEEAH, [ VARSMEBU AL, T I0sE M a Pl S RS R B HIRE . B IR
GAEESEE

(1) FrEkesy:

0, x<0,
fx) = { (2.2)
1, x>0.
(2) &MEERFEL (Rectified Linear Unit, ReLU) :
0, x<0,
fx) = { (2.3)
x, x=0.
(3) Sigmoid PKEL:
f(x)=1/(1+e). 2.4)

B ERERECUE B AR AR S, T Sigmoid BREETE x ZEXHEIR KB EE
{HRHIRIEE, (Rl H AT ReLU BREN FHECZ . 1A, HABHIEUII R E0LH tanh B
B RIMEEE,

. EEEMLE
EIER MR 2R, ZMHmA R, REEiHEHR, H
WEMFTE AT EIER:, SRR EREML, T E R AR RS T
BRI,
1. [E[fE%
[EFfERE, BRI i NSRS, afRIEIT:

Y=f(W-X+Db). (2.5)
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2. HREREL
[EEHFSEIm e, T[ETAm SR ESENELREE, SRERE
B NI R EIIME 5 B EZE R KA X TEIER-E, Jtr) Bine i
HANEERRRE—E, LRI IR Z K%L (Mean square error, MSE) 72 & & F Y45
REREL, B

1 = .
Ly, - g2 26

Hrfy, My, IR s M i (E 5 8RB, XT38l fLiHy Binz
H IR SRR S SRR AR AR — 2, I 5 52 SRR L (cross entropy) 1E N
AESESE G

3. LB

W 7 IR R EE, R BB IR AE I 4 A 25 SR ke T, RO
PEEERE AR, HEARDRE R HBIE BRI, F X
(W, b) BATIRAUELT, JIARRAREERE/NTIRADBERE AN, XD A2
TR R, B NREERR AR T

Lysg =

W =W —avl, (2.7)

b=b-avl, (2.8)

Hrr o HESR, ATEHIEANZK, Al USSR IEE R T K& ZS]
ZER. ME T ERERIIN RIS VIERE X BER 2B NREER, KA
X 2R SOE R TR

(1) BEMEAREE NF%Z: (Stochastic Gradient Descent, SGD)

W =W —avL(x;.y), (2.9)
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R ROE R A BN —HAEA T B R 1%, UR2 &/, ATLUH# T
EUAAR, BRAEVZBENLIER, WECRRE,
(2) & (momentum) AV E &L

Vie)y=yViE—-1)+avl, (2.10)

W=W-V(), (2.11)

ZEIEEE TR LOEMREE RN, seindia R, EAEnREEE
T,

(3) Adam(Adaptive Moment Estimation) 5%

Adam BENEE RGN SHEGH N E LT SIZR, HRERERIREE .,
Kt NSEENGTR EEE M, YIRS E IS, HRCERIENR:

V)= p V(- 1)+ -p)vL, 2.12)

8 = P81+ —py)VL, (2.13)

Vi = L2 (2.14)

. g

g 1’, (2.15)
— P

W, =W, - ——vL. (2.16)

gz _5

=. BIRHEMNLE
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Neural Networks, CNN) FI/E R 212 B AN BUGBVRHIE, BRRFEARZS RIBVL4ERE, M
TR IR IR A 2 STXEE . TN THI f] S B A2 I 28 i FH B ARER

1. BHZE
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2. b2
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rh—ERIXIE CBEHEY 2x2) AIEIEH —MUEER, B REERIERTT X E
ZE AL (average pooling) & AME A (max pooling) PR, WIE2.4F7R,
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FEEUN IRl :



HERA AR EAR RIS

(1) FEAZRIER, ZRYEHEHE AT E 0 2 27 XA ERATREE 1/30 B9
ill, Tz REE SR A RO BRI 600 x 720 BER, RfERZ MERS
FEVRH, AR EERTRIS N 10 x 10 R ARE, FEAZEBIANMH 30119,
SEBXAE R/ INHT P AR 23 (R B B 7 R OB, IX DB iEd 7 F
BRI REERE ST,

(2) IR =IA I EDCHH S 2 X 600-800 nm HYYEHEATIARIA, EX
406nm R BRI ER BN RCRRAR, SRIHYEREE IR EIANE A BIE,

ETLLERRK, RSO 75 2= —#T 7l 5o, 2 TR,

i —

EFIT AERZ
HIRARREARZ ], A E NEE AL, 1§55 N KIS G R R T
BN IR R IR —/ N X A, IXRE, TR AR S B0 M L S K _E RS i
BN T @lrCRAES, MITARKRRER TR RIRAEE, 7ESEBRM A, AT
BT R G T NI K IRE N, A5 &N XIS R R PHER, ST
TR AT ST R, IR BB BIRER, FIRIXAE, AXE
TR

I_l PBS201 30pumErFL n f=50mm
| I : O : 0 [IL‘Nbosgg,ﬁ:
A406nmIESER I.l f=40mm U
HWP@406nm f=125mm
A .. HWP@632.8nm
HWP@632.8nm  HWP@632.8nm _“.\ LiNbO3 &4 PBS202 o
: il (7
— a2l o i IR,
| 1 7
632.8nmiESHEE pes202 I f=30mm \ u o u
£=150mm QWP@632.8nm HWP@632.8nm

K32 FHE KKK

TR G TR KM, P NE B GEEEE, HTE AN
Y, FrUATRES RS, HESENSAE S RIZE, RN e,
Re5 NFERENBEH I T, S nlE IS sl AR SE S A B,



HERA AR EAR RIS

FOE SLRERKDH
T BUEXRE

. mIESE

BYRERE SR (Fe : LiNbO,) SHAMEIT A S AMEEL, BEE T T A,
MAAR, ST B RS A, SR SRR HR A Fe @ LiNDO; BRIK, B4%K
5 0.07%, fARRSTA 10 x 10 X 3 mm,

m

—. EANBHNHEE

I EEES NIEEMAE S, BTSRRI RS I (CCD) )
REERVN, AREFIMH CCD &R, Kitr] DHESEOE N ETHRFER AL, e
iR a] DNE R B R G, SC5 i@ Id V8 50E oM &b AR PR R R A BOLRER
N, FEREAEAIE S S S AR R —— XN, IR DNE R AE S S AR B
TENZE, SR MRS ETEEN, TS 20 Dehja, SHSEH
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U,(x,y) = A,(x,y)e', 4.1
e JLHIFIHH

U,(x,y) = A (x, y)e' Py, (4.2)
T F IR H

I(x,y,$,) = A2+ A2 + 24 A, cos(p, — ¢,). (4.3)
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bo(x.y) = = ¢”’2 + ¢, (4.4)
x — Y0

o Jt5 e JEHIARALZE RIS EAT 280 T B b AT S R AR

2. MM REEER

B VPR T IEKE R ZIRARAIE, A BUERRELE -7, 7] Z[F, T
FIPAS 2R — XIS AN R, RME KA R = 2 1%
iR, XSO R EN, WML R)E SIS T —E T
o I FRES RO B — DA, BIEA AR ERE, HATHHRERRERE
B NEAEMR G RMNZE, BT EAXNBURRRESREN TR
RENZE, BEHI "TA” MNARBEEX S, BIEMHERE R A
WEEMMEMES B E 2 25/ BiR, FRARNSRIEUEGES
AR R — IR TR, AR SR B AR A G A5 T B BOR 92 2R 4 A AR oz A (. 22
Hixk (DeD™, DCT Hik BT,

IR B G 2 IR E i, j ALY ELSRARLN @), I PHARRS MR (351
W E AN 0, TRE
@;; = ¢;j +n(i, j) + 27k (i, j), (4.5)

Hrng, j) ZoRMEHAIEER, k AEE, DCT BikBUE RIS EIER kG, /),
HERMER, RGO EKHESRARA D @0
E X BEBEMZEN
Al)'cj = Q@i — Pij» (4.6)
Aiyj = Qig+1) ~ Pij- 4.7)
ALY kG, j) AT SRR AN /N 3RS 2l
2 2
s=xziE! <¢(,-+1),~ — ¢ - A;;) 4 EMol gV <¢,-(,-+1> - Aiyj> , (4.8)

HAt Mx N AL BB Hunt 58 A5 H T IX— /N SR AIERY 27572 1201,
R
- y
Parny T Py + igen + B — 4y = Ay = Ay + A~ Ay (G9)
==\ _ y A~ 1—r\\
X piy= A& = A5y, + A =AY ARA9AE A

2

A —
A_xzd)(x’ y) - p(x7 y), (410)
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. Pij
Pij = 2[cos(milM) + cos(zjIN) — 2]’

(4.11)
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