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Abstract For wavefront sensorless adaptive optics systems, a control technique based on the orthogonal mode
perturbance gradient descent (OP_GD) algorithm is proposed. The feasibility and convergence speed of this method
are analyzed comparing with the serial gradient descent algorithm and stochastic parallel gradient descent (SPGD)
algorithm. After that, an adaptive optics setup with liquid crystal spatial light modulator (LC_SLM) is set up, and
the convergence characteristic is analyzed experimentally. The results show that this algorithm has a good global
convergence characteristic and almost the same convergence speed as SPGD algorithm. However, compared with
SPGD algorithm, the orthogonal mode perturbance gradient descent algorithm is easier to perform with hardware
because the pseudo-random sequence generator is unnecessary.

Key words adaptive optics; wavefront sensorless; orthogonal mode; gradient descent

OCIS codes 010.1080; 010.1330; 010.3310; 120.4820

1 51 5

T B HR I 3 B 2% 2R G5 R T B 07 vk 2 4 AR AR IS R M . R G HEAT U AR 22 A IF
I DAL L A4 3 B T3 K ' O ik 25 1 s S D6 A B L S T T 8 £ 2 2 £ 5 A s L o
V3 A A5 B 0T BHLARL R TE AR L 5 3 T AR D 3 RO 2 A LG, 6 AR 3 RO 2 R G T

W #s B HA: 2015-01-22; W & 2 %5 B #A: 2015-03-18

EETE: WL A AR EIE 4 (F2013209149) i b4 i 2 22 R BRI (QON2014042)

EHERAN: B WH(1984—), J3 Wi, PRIM, TN G5 [ 35 By G2 AR O Ak 4s S5 Dy BT
E-mail: chenbo182001@163.com

0801004-1



Dl R R

WAL I, FAT S5 R T B PR BRIN AR AT DR A AR RO I N RCIE DB AR AR T A RS SR A
{14 R FH AL

TE T TR 35 RG24, BEAILIEAT B0 BE TR B (SPG DAL I 3T 4F S G T JBE die i IO 3806 2 — L Tl HLABL 2
MR m L Z "7 SPCD Fk A ik Ad B vh 15 Je A il — 2 BEALAE 5 B W A S5 A 20 Ai) , SR 05 1 R — 2
f14 7 G 3 3l A T L A T RS BRI B, BRI S AR TR AR S SR R R A S B TR R
Ve PE T AR, B e BB — OB L 51 R AR 4, USRS 77 2 MR 9 51 Gold Fe IR 3 a5 =" B
BRI IE A B TR H A3, 75 2 00 O BE B ) 09 K50 A R, AT 465 86 P 53 A 2 B R — RE O HEJEE ™
EAN 4R SR Az 1) BERILT 87 6] 77 18 SR A SCPE I, B 3 % BUOTAR , i A vl RE#E— 20 R R B0k i B8R . ol
W A SCRIFGE T — 3k T 1 SR U 8h i B TR B (OP_GD)SE 1%, i 2o S 30 40 BT 17 i i B0k 1 A 36 b 2
FAEPERE

2 BT IE B AP BB T R BRI A A NG A

R T FH A7 S 0 B A U R ER I S N O R G AN 1 TR o O H I R R UG SR AT S, M BE A M AR
AR 4 6 v ZRIN 5 09 15 5 3 5k e T8 AR A J, D 4 ) g R T — 2 Y D0 A 550 0 i TR OE R B9 EE R S
AT ZUGEA AT PEBE TR A J R B de i o BUAEUNG B0 T, 3B I R DE 2% 77 AR A A @(x,y) 5 OA ST A A7
ey, R

Pla)= YuF aey) (n
K F (e, y) PRI IE & 55 i A8 638 1 sz e sk gk, b AR BRIE 3R
& =Fu. (2)
M N photo
detector

incident | |wavefront
light beam| |corrector

| performance
wavefront metric

controller analyzer

LT DG BRI 1 3 D 2 5
Fig.1 Scheme of wavefront sensorless adaptive optics
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Fig.2 Perturbance signal in each iteration of OP_GD algorithm
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Fig.3 Perturbance signal in each iteration of serial gradient descent algorithm
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Fig.4 Adaptive optics experimental setup based on OP_GD algorithm
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