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Abstract How to effectively correct ocular aberrations which vary fast from person to person and improve the
application scope of adaptive optics retinal imaging system is the biggest problem in clinical application. It is difficult
for a single corrector to compensate both low order and high order ocular aberrations simultaneously. Due to the
correction requirements of high order aberrations, a 169-element discrete piezoelectric deformable mirror with
3 millimeters spacing is successfully developed. Combined with a large stroke bimorph mirror, a retinal imaging
system with two deformable mirrors is developed. The system can compensate low order aberrations up to 4.5
diopters of defocus and +3 diopters of cylindrical. High order Zernike aberrations up to the 8th order can also be
corrected by this system. Both imaging quality and application scope are significantly improved. Taking the size
of low order aberrations as inclusion criteria, a little sample is tested by the human retinal imaging experiment, and
near diffraction-limited retinal images are achieved. The system has a clear application scope, which is convenient
for future clinical application.
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Fig.1 (a) Influence function of 3 mm spacing piezoelectric actuator and (b) its horizontal cross section
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Fig.3 (a) Frequency response curves and (b) hysteretic curves of 169-element deformable mirror
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Fig.4 Comparison of fitting precision for Zernike aberrations up to 44 items between simulation and measurement

3 WU IE B N HR PRI 15 1 A B R B U R R ¢

FTF { FE A9 35 5T Bimorph 48 JE 45 Fl 169 BT HL AR T2 55 (DM 169) , f il 17— 2 XUAL T B N\ HR A0 o) g
R PERRMRE R, REREEWNE S R . FOGECR Bk R H 2R 5, SLD (S5m0 IE & &k |
F VB A3 58 BS2 5 A F2 0, 2R BRI B 55 SM2 .35 BT Bimorph 22 JE 5% (DM35) | H 4k 5 SM2~SM 1 - [
S MG HEA IR o (545 284k DM35 A DAXE FCHEAT PRz, DASRE & BRI A9 (5 A i i o AARR ISR [ (9 15 450
A AR5 22 2 TG (M1 . SM1.SM2 . DM35 .SM2 . M2 .SM3 . DM 169 .SM3 . SM4), i1 43655 BS2 K2 51 5 E A IS
Ff 2 AL B, SCE I AR A 2%, 5 7 R e AR Al I A5 158 25 LR A S 18 BV T R 2 T AR IE o REAR IE
SEILR It 20 BB S U DA ' R BH IRJEC | ) A ik 2 S A AR AL ) 26 52 RS RS R 4 o 7 s S I 18 8 4 E A
FHF 515 Rk s 7 A1 B8 IR PSS ] XSRS . R GE USRI o 10, ARE ELAE R 6 mm, B SE K 2 617 nm,

SM3

™
=
@
™
=
7
N
=
17

SM4

P s WU TR 456 AR AL IR 58 1 3 B2 D't =7 2% 48 i B

Fig.5 Schematic of dual deformable mirrors adaptive optics system for retinal imaging
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and (b) system's fitting precision for Zernike aberrations
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(b) results of the existence of defocus and astigmatism
T AR A R SR ZE R R KT A8 AR G0N A B e DG IR B AT G AR R S B O I R AR AR
PLAL T b AR BE R ST o 8] 8 J2 AR 8 M 30 ) U — AR Y 37 £8 BRE AT, L1 06 42 8 (FWHM) A 1.1 /A/D , f R £ B

148 D=6 mm, P K A=0.78 pm, A 24 T HR JFE A0 W B5E | (%) 40 R R 2.4 pm

1

208"

5

£ 0.6

=]

Q

S04

:

Z 0.2
! AN
0 50 100 150 200 250

x /pixel

8 FR 4L M PR 11 38 37 0l BRE A I 1]
Fig.8 Cross—section of system's far field focus spot after closed loop

4.2 JEIRNERW W AR B 1% SR 36

ER GRS |, DR BR 22 K/IME 9 ABEARHE  HEAT T /INFEAS S 114 336 1R N AR A0 0 B il 4 52 56, S 4
SEREE ISHCER 2245 % B — 2.41£1.15 D, HE 1 -0.48+0.30 DYZ il T A% S5, W A% w6 FH &2 05 4
G 4R e 9 MR S A7 R o SIS R e R GO RO T DM3S 3K 2 H JR i 2% B AR 85 b S P RHIR B (R 25 1
A IE , $2 50 R S A5 s o B 9 7 (8 A3 [ A A o 78 RS2 91 25 X U IS, )8 3l AO 4 R G2 A1 3R A% 18 IR % 24,
1 1E 52 185 Ja 20 BB S VR DA 5 BRBH AR S, [R) B fish & iR AR AR AL 5] 25 58 IR OIS R R 46 . R 18 T /VEEAR 52
8 P BT AT B B AR IS R G BE KR TE AT A RMS AR, IR 45 1 00 200 i R B 40 i A A 5 4 R MG BT A Bk
W IE AR A8 22 RMS /0T 0.05 pmo 5255 8 BR 41, 150 45 Hi i A0 9t 38 1) IR 25

P9 R 10l Horp— 4 W08 LB(B £ . —2.75 D, HOE : —0.5 D)W S5 25 5, HorP [ 9 o AO P 365 A b ik 4%
1§ 2% RMS J¢ i 5% 22115345 2 19 Strehl A (SR)MAZfE i 28 . DWEIH AT LA L 28 Bimorph 28 JE 85 A% IEAIRBY )5
FR A% 2 RMS (H MBS IE AT 1 4.37 wm (AR H] 0.48 wmo 28 DM169 i — 4% 1F )5 , 5% 2% RMS {H B K £ 0.04 wm,
177 AF I ) SRR M A 1E AT A9 0.01 42 755 1) 0.06(f1% B 4% 1E )7 ) , e & Aa 2 7F 0.85 2 A7 o &l 10 4 LB Bl il A AR A £
2043 Ak A% T T AR B AR IE R B R A I S B A AT A RS AR TR

0501004-6



il

F 115 AWAR R D6 B BB IE HT S RMS [ELTE 4051 3%
Table 1 Age, diopter and RMS before and after AO correction of 15 subjects

Subject Name Age Sphere /D Cylinder /D Before AO RMS /pm After AO RMS /pm
1 DY 38 -1.50 -0.75 243 0.048
2 ZJL 26 -3.25 -0.50 4.87 0.046
3 LB 25 -2.75 -0.50 4.37 0.041
4 LFW 24 -1.00 -0.50 1.62 0.043
5 CSY 27 -4.25 -1.00 5.31 0.049
6 LZH 24 -1.00 -0.50 1.64 0.039
7 LL 18 -2.75 -0.50 4.28 0.044
8 wWzX 18 -3.25 -0.25 4.66 0.048
9 MXR 19 -2.00 -0.25 2.56 0.046
10 TQ 20 -2.50 -1.00 3.12 0.050
11 DMY 18 -1.25 -0.25 1.73 0.041
12 HYP 20 -3.00 -0.25 4.12 0.048
13 TYC 20 -4.25 0.00 4.72 0.049
14 GL 18 -1.00 -0.25 1.38 0.043
15 HXM 20 -1.50 -0.75 2.32 0.047
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