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Application of adaptive optics coherence tomography in

retinal high resolution imaging

Fan Wenqiang, Wang Zhichen, Chen Baogang, Chen Tao, An Qichang’
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: Retinal optical coherence tomography (OCT) technology uses external low coherence light source to
irradiate the fundus of the human eye, and interfere scattered signals of the fundus of the human eye to obtain the
sectional image information of the human retina, so as to realize the non-invasive, real-time and in vivo optical
biopsy of the human retina. The axial resolution of traditional optical coherence tomography in retinal imaging
can reach more than 3 pm, but the transverse resolution of OCT can only reach about 15-20 pm due to individual
differences and inevitable aberrations. Adaptive optics, as an advanced technology of wavefront correction, can
correct OCT chromatic aberration and aberrations caused by limited field of view and eye movement, so as to
improve the transverse resolution of OCT to less than 2 um. Adaptive optics OCT can realize near diffraction

limit imaging of retinal cells and microvessels to timely detect the early lesions in patients with fundus. Based on
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the introduction of the technical characteristics of adaptive optics and retinal optical coherence tomography, the

development status of adaptive optics in retinal optical coherence tomography at home and abroad was reviewed,

and the key technologies and future development trends of adaptive optics OCT retinal high-resolution imaging in

wide-band light source chromatic aberration correction, eye movement artifact reduction, adaptive optics field of

view expansion and wavefront sensing and correction system simplification were summarized, so as to realize

high-speed retinal imaging with large field of view, high efficiency, high sensitivity and high resolution, and

provide reference for the future research and application of adaptive optics OCT retinal imaging technology.
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high resolution retinal imaging;

wavefront correction

optical coherence tomography;

1 AMESFETENR
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SRR AR R PR N 7 € o e o
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Fig.1 OCT system based on optical fiber'®!

AR G258 T 2 4 B A5 s 3 AN R a0 b 3y
A A [E, AT 43 A it 38, OCT(Time Domain OCT, TD-
OCT). i 3 OCT (Spectral-Domain OCT, SD-OCT) il
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3, OCT >k H vl % 2 s e 7 22 6 R, 258k AL OCT Z % UM Z S 4 (4-scan) i 72, A%

WO RUEAT Z Sl 1) G (A-scan), 8 a3 & HR I B8 4%
WSCAN TR B 41 45 1) IO 6 T 05 055 DAARIBURE & S [
W RIME B . 3%k OCT R H 5 i OCT # [F] A%
VR, Aoy 6B ST, 8 2 e A AT 5
ARV K A5 B, fe 2 i 42 B 0 I 2 422 O 1)
L L A o A OR B AT (A-scan) {5 B . H AR
OCT 2 JH| 5 I 8 A1 3% % OCT AN [A] (9 AT 4 45 9% K
TR, OGTR % Hh— R B 22 I WA T, R S5
DU AR BSOS [R5 K AR 6T ¥ a5 i B, 3 245 3 r
AWK TWAES KL %8 OCT F#i i OCT %8
S B B 0 AR 4 43 BT 19 A B OCT, 48 25 T I R

JEE R R B i, © LT 58 4 ORI S8 OCT /Y B .
T R AR 25 A A, 3380 OCT (i H i s e 4
B R E (Super Luminescent Diode, SLD) 1f 4
I, 7 700~900 nm FOEIEEEI#E4T OCT MR i
R OCT i 1 A il A 7] () 35 46 B b Ja A% (Fourier-
Domain Mode Locked, FDML) i85t #§ i) 48 5 47 I K 49
5, 7T LAZE 1040 nm, 1 300 nm A1 1 700 nm 5K

KRBT AT A W38 A A%, B IR AR 955 g
J1. W OCT, %38 OCT A4 OCT By Bk T AE

FE R T et 1 R .

& 1 B OCT, &g OCT AR OCT MLk
Tab.1 Comparison of TD-OCT, SD-OCT and SS-OCT

TD-OCT

Frequency domain OCT

SD-OCT SS-OCT

Illuminant Wide spectrum, continuous/quasi continuous light

Reference arm Mechanical

Detector Point detector
Imaging speed Slow
SNR Low

Wide spectrum, continuous/quasi continuous light

Sweep light source

Fixed Fixed
Line detector Point detector
Fast Fast

High High
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BUER . BLANA, 3 W27 H R I TRk 0z,
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A IE AL R 1 i 2 =0 2 PR 2 ST
N HR AR P AR 14 11 3 D' 2R G SR B, 7 R e T
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v, SLIHZHUR OB 248 7 ARG BT R 2215 B
TR PR 45 58 AT AR ZE R I , K15 B AL R 45 1 o)

Human eye

=

P 2 AR Y 3 N2 R e S

Fig.2 Schematic diagram of adaptive optics system for retinal imaging
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TR FETHEAL 58 LI i e A2 T A, JTRF 4 IS
5 R TR IE &, BRI IE AR ARG S T A
YOI T, X I AR 22 AT AMEE, SEI A 38 OGRS
BT IE, LATE BAGOREATL L 3R A5 355 DA A 00 o s P14
2.2 RHETfR R BT IE

U0 T A% R T A TE 2 3 ' 2 AR G I A
RHERAR, Y I AL SRR 32 B0 H5 B ve -5y
% (Shack-Hartman) J if {4 2% 4 5 35 D iy 1 2™
& AO-OCT % 4t — % JH Shack-Hartman ¥ Rij 1% J8%
#% (Shack Hartman Wavefront Sensor, SHWS) 1 A i Hij
PR, AL REHE I 17 15 2 A B o) o3 A1, X6 i
G2V BE T 1) B AR AN BBURR, I L5 32 248065

BT A% 48 0 AL B AR A 2, AH T T AL R
(Coherence Gated Wavefront Sensing, CGWS) 4 AR & H
o B U AR 22, B TRAR A, S5 A A
BTk Ay P o #l Shack-Hartmann 14845, DL
R 25, T PR ER 2, T AT AR, A1
T T A% e AR R T B % S AfF, BVl 7 i S
FE P eI A S S I A AT A, OF H A 52
FRENRREE M NI — 2GR ERKIE, 3E
WG T & PER G AT R E M SR IE. 5§
I [F B, OCT AE i — B 1 ¥5 L AR H R, AT Jo 4% 1 A
T T AR B ARG G, DAER — & RS L [R5
D TR AN AR

2007 4, Rueckel 4522 )\ P16 F1 5L 56 90 5 1 B 5%
TR T TR B AR B PR R, R AR Y SRR R IR AL
SRR ah A SR A5 R PEAT . 2011~2012 4F 4],
Wang %3724 5 T 1 i — 8 $8/R - P {L Fl Shack-Hart-
mann I {ij A% A B Z5 G, 43 ) A I Saf R0 A3l fefE FH AR
T3 38 £ R L = W PR Shack-Hartmannii fij 7% 8% %
P14 D5 T A% SRR B 3 B8, R 78 A 3k, T R T[]
G i 24 R ST, A5 TR AR B o, {5 M LA T
5, 2015 4, Wang 5 F{AH+ 1742 Shack-Hartman
U T A SR A A TR R B A iR 22, AT T
FIH#5 I (Swept Source) 7 I 1 J5L B, I8 145 8% 1Y IR
JEr B R 7.1 pm,

7 AO-OCT v, HHIEHI &) 12 (AT AL IE &2
% J% %55 (Deformable Mirror, DM), & 3% HL W 2% & 5%
(Micro-Mechanical Deformable Mirror, MMDM) F1 [ H,

AR 5% (Piezoelectric Deformable Mirror, PDM)®2¢ 31, {0

i R 151 B 8 11 N v B == W NN N2 NI N
=N | IO : 5 S 7 = W i o7 S | B el L1 K
A0 F 4 BB AR TR IE At A5 2 EUR
Bl X N HRAG 25 1) v A8 S Pk, — BB 9 P (R el L
FH W RR AR A [ (14 A2 T2 458 (DMs) Ok fiff R AR 22 K GE 1]
JRES36 Hoh, A48 1 (DMI) H B RATFAME SRS 2H
I, VA T AR e B A AR B R 22 (491) 2 e A R 180,
B 2 (DM2) HH K E/IMT R A Sh & 4, DAL IE
R BTG 22, PRI AR TR BE O A FH AT DA 25 Rl 22

3 ERS AO-OCT MR G B AR LRI

3.1 AO-OCT HEAREMERIAK
3.1.1  AO 2B A= 3% OCT * 49 L )

2004 4£, Hermann 28 F 048, OCT R & 54T
142 AO HRIEARBLET AR ZE A 3 YO 1 T 7R CHR
PR 1%, F B OCT & 48 1% 3 5 X
(125~250 Hz), PRI JC 125 56 15 B = 48 U

2005 4, Vienna K 2% 1% Fernndez E J 25 A B2 ¥4 5t
T & 7] 4 A2 A7 437 9% ] %8 (Programmable Phase Mo-
dulator, PPM) 1 H i& IV Ot 2% & 4t )i FH 3] UHR OCT
(Ultra High-Resolution Optical Coherence Tomography)
Hr, LA IR 25 000 IR A-scan/s, 5% 2 T BB S 1Y)
19X 24 i P4

2005 4, Yan Zhang S5°7 £ F { iy 23 0] 47 BB
S5 RR A IS NG, JF R T — R Ok % B OCT
(SD-OCT) #H#L, 7 AO RS LL 14 Hz H R I ATl AL
TE R R EF, Lh 500 Hz 985 258 347 37 R 10 D99 R 1% 46 fok
A B (100x560 pm), K45 1 24 1 3 14 AHR o
B I = = 457 HEFR (3.0 pmx3.0 pmxS.7 pm).
[ 4, 2€ [# California K24 /Y Zawadzhi 55 A 78 SD-
OCT | ABT IS IE BE Y H 35 NG R 48, WIE
Sk —AEAREE IS OCT 5 A0 I4s & .

7 52 BLAIOULRE ) 73 BE 50, G35 Bk OCT Y 2R £5
R JE (Depth of Focus, DOF) ¥ i /N8 R A JL 3K,
JeA% BRI T SD-OCT Ry i G o P i 72 SD-OCT
BLql bk R AL T B S BRI En face OCT, PA7E
BN G BE DR R R i 1) 2 BE 3R . 2006 4, M. Pircher
SECH UK En-face OCT 5 SLO MHEE & R AR, &
L) 2 Hz MR #5147 CHIENE, HERDEY¥ R %
LA 9 Hz (1445 25 4 BR A 1E IR A 22 , 5 A 1) 3 B R iy
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FIERTAY 6.5 um ¥EEF] 5 um.,

2017 4, Ginner 4P &34 & 3 BT R 9 L
T OCT & &8, | AR % A BB 2 4L IE (Digital
Aberration Correction, DAC) J7 ¥, L) 2.5 kHz )3 R 5L
BAERAL I OCT 412 53 % 1A%

Broadband light source g1
840 nm, 50 nm FWHM, |

3
SLD

)
o3,

Transm. Diffraction grating
(1200 Ip-mm-!, 840 nm)

"On-axis” reference arm

| ]
[\

DP

Pl Hh, NDF &7 iP5 B 38O s BS KR 50/50
Iy KAt s ST IR B H i ; PP /i fhi ik 25 CL1 Ml
CL2 /R I B4 L Rl (22 &85 DP Fon
HORME . PR RN KCE IV A 1 G R Z R
IEACFTH

Line-focus
P, =44 mW U
Spot size=5 um ‘J
FOV=1°

(& 3 LR35 OCT iy J5 3 & )

Fig.3 Schematic diagram of line field spectral domain OCT"”

3.1.2 AO 42447 OCT ¥ 49 & F)

T 4 4 O TR BE 47 O 2% B3 3 f8 (Optical
Frequency Domain Imaging, OFDI) J& — Fl i 2% i 2 —
FOEEAR T 2N AZ (OCT) 7k, WhkZ DG
A0 T ZE M % (Swept-Source OCT, SS-OCT), J2&—
o ) D D0 5 G VR DN 20 2 1 IS i i R A
BLAE T EES S FOCHESE R, 1 040 nm AOGIEE
2 L O B AR P — AR IR /K R A s R 1 11, AT LAAE
o RSORS00 P € 28 1 2 R SR HE BRI ALY
ok 245 B2 3 R, AR K R B I K i R bR
A R A BIF R 7 R M IR OCT 8 A0 I e
PR, JETF 1300 nm K 98 B 4 DI mT 3 R
Jtas iy I A, SS-OCT nJ HIF R ik . stk sk . £ iEFn
AR R A AR %), 2019 4F, Kowalezyk 2519 %31 T
5T YbCaF, HOG & 4 SR AY B 58 R 1, Ot
T 55 485 nm % 1 800 nm, 7] LLYE 7~21.5 MHz Z [i]
VTN, AN B A 5 R 2, fE7E 1300 nm Al
1 700 nm #4725 438 W G R 7T e -

2006 4F, Lee S i 1 0344 1050 nm (1)
i PERE I K OB S 1 SS-OCT & 48, LA 18.8 kHz

1) A R, 5 — KRR T 7RI R AR5 i i SS-
OCT 1% . 2010 4E, Kurokawa® i 1030 nm F4 4% il
JER IR T A E NG A TR TR (AO-OCT) %
45, L 47000 17 /s (0% 1] 451 4 R HEA T R 2 L ST
PR RS . [F4FE, M. Mujat™® 55 —Cf SLO Fl
WKk 1000 nm (1) SS-OCT 1 Fl i (4 i 0 45 4, I H
AO FEATREIE, LIS i ik 45 B55 6 40 1t /85 0 ik 45 RS i)
SR AT AL . H AT R PR A SR A 3 Klein
1 Grulkowski ¥ 31 19 £ 2 1050 nm (1) SS-OCT %
GSEHELAY 6.7 MHZPSY, 2016 4, Yifan Jian 252057 $2 1
W4 T U I B B A N D 2 T U IR 8
JCFAEE G, BT BB SRR T — MR
1060 nm 4 SS-OCT R 4¢, LA 5L B I B 3 37 5 1 R
WAZPERE . 2019 4F, Azimipour 255 %1 T an &l 4
JIE 7 1 E A L RSO 28 FI AO R G 4 LDl
WHAHE 258, # SLO Fl OCT 4545 I8 FHAH [ (9 41 41
I8, A UE K 1063 nm (19 98 155 PY 2L 1.6 MHz 1
A R T I A I B RS, S AT S A BR Y 4

KT, DM FER28 45 SHWS 78 Shack-Hartmann
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_____ Imaging light ST Wavefront sensor &8 R OCT R4, ML T AR Ay
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4 AO FIH 2 50t I el 54

Fig.4 Optical schematic diagram of AO scanning system'>)
e 1A% IR s AL om0 22 B 555 S Rom BRI 5
FM KR P15 BS 3R 4 4R ; DBS 3Kk 40 (053 1
s HS R AP VS Ron I B #{%; BD &
IRIEH LAt Ol FRERa B 2% .
32 AO-OCT EREHN A RIK

1998 4, I Bh27 B BUAR S HLH AR RIS BT gk L F
JE A8 G 27 A HR RS AR LA 18 906 K6 IR B8 (SLO)
T 5 55 43 3 AR 4 BF 5 ), ELAE A8 B 2R 1Y
OCT 1= 43 HER A I BE 1 (5 B AR 7 1T, [l 9 2R e T B
FEHR IR K26 2258 B AYJE 42 5% . 2004 4E,
TEIN K24 424K 5 26 [ Indiana K2 A 7R, 35 2
TIF CCD MMLIEATH T ICEHr 3 A 38 R
ARG, Al 5P R RO R A 4 5 10 pm Al
76 dB, S T SO 0 4 4k o R AR, RS
— 0 R X B 0 PR ) ST 35 A S TR 1 4 1.75 ms
LN, DABEAR AR 3Kz 2 BG4 52 ), 1% 3R 46 51
95 R WL T [ G4 A 0 9 BTG 4 A0 )2 BT %
R G517 (] 43 B R M R AR i v T H AL T A i
JO7 2 B A I AR AR

2007 4, H ERR A B AR ' HL B AR RIS BT 7K AR
BT AO 5 SD-OCT 254, it TORer BG40 T
JENTIAG R GE, R 37 B CAR T S 5 ek A HR ik iy
QAT SR AL IE, X B R G 40 I B 4T OCT A
18, ARAGHE AT AR BR AR 1) 40 BER . 2011 4F, L
iy N e g e A E s N U AR €S € AP ORI
AO-OCT 7£ N 1 e E IR B 2 85738 AR H R e FF 5%,

PR BRI 8 7 A DO S PR A . 2012 4, e i s
LR R AR FEFEC 5 38 T I F A 385 Nt o B R
TR AR R GERE AL, 26 AT AL R, B4 R 5t
e N HR A B 1 43 B R SF 2958 2.36 um, #3724
N +3.00%43.0°, FEPRIAAE R LK 8.03, X AMRIGR 2
W RS IE BB N 11~15 Hz, 5843154 2% RMS {H A%
F 0.1, AT LABRAS &5 2 e R A I 5. 2014 4F,
L RR A B R 2 B LS A B T
BTV B3 OGO R R S TR, B
T P S 0 R 0 SR A A B A%, 3 2o 410 o AR PN 2
TR, S 3 B R o) b R BT . 2015 4F, g it
L2 LR K 22 AR A 5  h — B T U T
B & RGBSR R G, AT SRR 25 1
I | A8 I B A 0 I A A%

FEA R A FRMIIFALAG 1 2L [ 53 00 R, [N A S8
FEAF A JZ AT H ARG & e R, © 28 7T LS B pf
ZREFYEIZE L /N 20 A D) 265 TR 240 B PR I R T
O BRI ARG 1) e PRI & Jé, 5 [R]e
AO-OCT 7 Ifil 8 i 5 45 7 43 ek 14 107 FH o 328 45 B M F
T

4 AO-OCT LM FR AL R AR B R k&
REZRE

EFXHE S OCT [ 98 IR € 25 | 16 {4 il 14 A R
BRIZBIERRE . B  BERUR I AN JE S A, A TS N
2530 A I AL SRR 3 s R I R A I £ 4t i G TR
0,2 AL 5 25 B8 g B 1) 23 R, S v L R
G BE AL T R RS IR Bk iz sh Db 5, §7 oK B 3 G
203 DL AE TR 5 9 2R AT 45 1 [ o B R
%, Migk—4&, BiE AO-OCT &S e FTk AE i A
RN, 2R 25040, T 1AL I 205 40 B0 52 4%, W PR g
JFH M R [ R, R 0h TG 0% A% SR #8 1 AO B IE A
BRI I IE AR S WG & R LA Rk AO-OCT 1) i s f%
TR IE RS, DM SR . ms® . m R
BEORE | 1 23 R 00 v AN AT D B A5
41 BERE

H1 T OCT il n] 73 #8238 5 & 48 i i FOGIR 9 vhots
PR UM E, 56 R 5E IE ARG, IR IE OCT % fifi FH 58
R DL SE B il ) 3 HER (R T Sk TR
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SR, B TR B bl K AT S R E AR, AO-
OCT i 25 IBALIE (.22, A fEiE— P4 AO-OCT
[ 45 ) o3 BER 0,25 32 00 A e i £ 1) 7 6 1)
2 7] {4 2 (Longitudinal Chromatic Aberration, LCA) Fll
T 25 0 it Ao ok MR I 4 A7 B B 4 B AR O
[7) 47 &% #4) 4% [a] {4 2 (Transverse Chromatic Aberration,
TCA ). OCT JUG I B2 i) FES ] €8, 25 0 55 AR B
AHIE, 7E 840 nm Ab RGBS, D 1) €8 22 R ] €8 25 48 K
F 50 nm'! ANREZ ;75 1] WLYEYE RN (330~780 nm),
LCA K292k 2.5 JHIGEE™; £ 21 41 X 35K (780~900 nm),
Ao 2= 0k /N B K2 0.4 JEERES (B 25 [R] B R i
KA 543~711 nm S35 F A9 AT WG HIE K 842 nm
HILTAIMGET, BT 22 E R BT, 2008 4F, Fernandez!*”!
FIHIEA 140 nm 7 58 149 88 58417 58 8- 52 A WOL &%
HEAT OCT BUR, 38 2ok 48 SR 152 T 1Y) 35 45 A Pl 1 9K 50 1Y
RATRRAS T B AL IE £ 25 R (0 (5 25 SE BB IE, 4%
] [ PR A3 PER 24 R 2-3 pm. [A]4F, Zawadzki®" i i —
AN A 022 18 B8, W OE R I RDER FE TR (DK
836 nm, 7 F& 112 nm) B LCA, 38 3t B 5 4 0] 73] fis £
K AME TCA, BL G AO SEILAS 1] [F] Pk =4k 3 Bk
3.5 umx3.5 umx3.5 pm FIFTE R BR AAZ .
4.2 SEKGINEGE LR DRKE

EAT I VA D0 R A A T, B 7 T 8 1 R
WL RN A FRIRBKIZ S, Ry 1RO IR EKGE 3 X 1
TRALM R OCT B s ma, H Al s ik R EA
PC 75 B J8 AO-SLO SRAFIEIE | >R H BI85 Ak BELE AT
VT Bl A A0 D00 RS R B 0 A5 7 1, X ST Ik R AR
il 5 P50 R B R v 17 8 S v

7E BE # MFJ& AO-SLO K # i 18 J7 Ifii, 2011 4F,
Zawadzki %Y 7E SD-OCT Fl SLO 25452 T 1 H A
W OGAEROR, ISR AR A A sh A7 3B HE, LA
F2 Ll A5 T b A5 55 = A R0 I RO 25 R 7E )
2014 4, Felberer 251 3511 T SLO #1 En face OCT 4%
AW =Y R G, e b B R R A SLO $E A1
SR IE HR BRI 17732 3, T A ey 2 Al 1o MR 20 R B2 e LA A
IEHRBR A Hlin iz 50 .

1E G 5 Ab 3L R D7 T, 2011 4F, Kocaoglu 557
K R CMOS $E AR L (125 kHz) FUHT A3 THEAE Y
P A5 TE 9 R 2 L ot 350 3 o EHR iy aB 3l O 2 K
15 pm J8/NE] 1.3 pm B 75 AR, 2 DATHO FER R RO

AR 41 5 2018 4F, Azimipour 5 7Y f FH 45 B AH G 48
TEH 0 I 22 DA IE SE A A A 38 Nt 2R BURE S %
Wi p 132 B PR R, HLARAAS I RS 5 4 1E MR (1 AH 5&
M, LRz S DR MG D 253 B B

FEVE T Bl 25 A0 IO RS B2 4 7 THT, 2014 4F, B %%
YK ) Kocaoglu %57 7E45 — 4 AO-OCT R 4GE ke
AR P T — 1 A 0 BRI, DA I
ik 100 Hz 1R ERIZ 31, IF45 5% 4% iz s /0 3 10 pm
L
43 TMHWMEE OCT

FRH AO-OCT MM N R FEA WA, — M EA
I i FL AE S B AO M IE 194 FR A2 MV [, A0 — i
HBEI I 2 ML N R 22 IE, SR MIMY5 2
T AO MRS IEYE o T IR AL /N R R R
180 1 AR 2 5% i 0L I JEE ) 56 2 A, A PR I 5 2 A e
AO L7 FR 1 78 LI B 0.5°~2° 1) /N il N 72, 3%
B 1 61 M DR a4 R I T T KA E M I 62 R 4
2009 4F, Thaung %" B+ T — A A1 0 i S
R0 A AR IR B Y 52 i XUCIE B 5 B % 2% (Dual-
Conjugate Adaptive Optics, DCAO) Z 4t LATE 1 /A A X
FEE 1 R AT 50 0 0 85 43 B R AR, AT 5 A PR B & (Str-
ehl=0.8) 191 1E W37 B 72 M A% 48 5L 4L 4 AO (Single
Conjugate Adaptive Optics, SCAO) ] 1.5°44 /1% DCAO
1 6.5°,

73— BR I AO-OCT M4 iy K 2 & v i 4 1
R R, 6T = 4E OCT B, XA~ H K 2 B Gk
. TR R 2 OCT RS BRI A B el
B ] 1) A0, 5 R o0 R ERAs 3 72 AR (DR B, B8
4% R RE 95 R, BCtE OCT B4 Y BE v A Ak 3 .
2011 4, Klein %57 ff F 1050 nm ik K A6 8 HL -3
B (FDML) J8 ot 1 52 3068 w2 108 T 90 37 351 1 Y500 1)
B OCT W%, 7£ 70°M %1% 11 T 684 kHz Fl 1.37 MHz
A A b Bl ) 1 A T, SE B AY I A BE R R 12 um
(684 kHz) il 19 um (1.37 MHz). 2014 4%, Kocaoglu
SRR BT T BT DA 15 3 43 T2 A4 A 0 3
M Z B AN OGRS, LI 790 nm i K F
1 MHz 4 34 3 3R 1 SE 7 WL B OCT, il 1 43 H %
A5.3 pm,
44 THAETERERRH A0 KRIE

P TR 3253 Hh R4 R I o i 2 A
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T S5 8 TG U5 T JR 1 T 42 U5 iy 4 D00 R ) L 8 T
TR XoF WY 7 % T AR AT B I A ) B D AR . K
ZROCP L RS AO-OCT R 48, fii FHi% tnsi i ui;
T BT B85 32t 0 SR A IG5t BB R U0 i A% AR A R
AO R G BT PPAL B AT E IE R BRSO,
TEA G AR T BRI, JCi i 1% B 1 AO 1]
PLR Kb AO-OCT R4t {H i T B i 99 A ik i
ToA RS 2R G2 R 2230 0 2 R AT AMEE 1Y), RS IE A
FENE, BEAR TR IE AR R AR 22 R e T . 2015 4F,
Verstraete 25 " 4 1% 4t (1 A6 b7 48 R J7 1 . NEWUOA
(NEW Unconstrained Optimization Algorithm) {f;{k &.3%
1) RSB RN T 4508 (R R R AR A (48 &K (Data-
based Online Nonlinear Extremumseeker, DONE) 5§ =
Flt OCT TG J I i % 25 8 0E 7 ik i AT 1 S X L,
DONE J5 7 B i {1 7 NEWUOA Jrik, B4 it 15 5]
TRFEUGE. 2017 4, Polans A& B T —Fh T 9 98
My (>70°) Ja# AT 2B R & 48 (Wide Field OCT,
WF-OCT), Bt &% i Jo 1L 18% 736 WG 2: R 40 (Wavefront
Sensorless Adaptive Optics, WSAO), F 4% 3 mm 5%
HTE 10 s P XA D90 R i 38 /D (<25°) #8 DX A7 I By
HE BT AT IE o [7]4F, Verstraete 552 {iff F # YK 2%
R 7 1 ms () DONE %5 2 6 [ 14 R & Al OCT
R R B ROk 7 A%, 7 2.8 s N 70 IR
DONE %045 I =4 OCT JSf& ) iM% 2% .
45 THHEIKATRKIE

825K E AT LAt IR A e 4 R D't 2 e il AT 4
FRAZIE, AT DUTE T3 A5 0 TR i el A b 6 ig i
TR B IE . AR AT UK, OCT /] LARAH
Gy B AR, DTRG0 5 40 1) FE 3 [l ) 4= i 37, |l T AH
Az ] e oAb B AT 45, B T S B IR A
B NG R ERE B A . SAE SRR TR A 3
N2 L, SRR 22 BB 2 — B BR Y
B AR %, W T OCT B H#§ 5 OCT =4k
BB ZERLIE

2015 4F, Kumar 55§ 1} 1 3 F 7 fL 42 19 07
H & v 2% (Digital Adaptive Optics, DAO) &%, % &
GiAE 0.6 EESLAE T, AR RERELAN 7 um, 7F
218 pm VR JiE 70 R P AT DS B0 GRS ) o B R
2016 4F, Pande % £ T —> A SRR AL IE 58
TP AR B 7, A6 8 L SR AR 2 A T R A

Shy e AR A 108 e of Wi A8 PR A T UR B B, IR
KA REN Zernike 223020 2 M4 & F R AN I8 I
i, 2ok R T e AR PRI T B B ) AR T 3R
Tt 250

T#H 6 W FL#E WA (Interferometric Synthetic Aper-
ture Microscopy, ISAM) $ A 1] DL fif g A7 B £E #E 51 i
1) OCT # [7] 43 9 F& e I 1) B, JH b 85040 ok 4 i 72
o AR (S FRE & ISAM F AR SE B A B, (H 0 T3 14
R D) FEE o5 A5 E T ARG ) DR 3 2, A DR UE AR 7 A
PR, H = 4R R 0 R A R A 28 8 JLA Hzo
2016 47, Xu SFM %I T [ 30 T A AL AR I
FIHTEE 38 OG22 A0 1 2T R 00 43 3
A, [F4E, Hillmann 5 4945 I8 OCT 54237 OCT
FASS G, TR 3 R e AR TSR 22 5 A B AR A
TE AU RS B N HRAR 25 . SO R4, Xiao 5570
423 OCT 525 M AEAH TR IR 45 A& 10 L W42 35 22
R 255 8B, M2 520w BRI i B2, it
ST IE SR B TR Y LR

2017 4, Ginner 257 fE £ 7615 B OCT £ 4¢
P 2.5 kHz B 3R BT 2 AT BUR, A AR SRR 807
14 22 % 1E (Digital Aberration Correction, DAC) J7 ¥ 5%
BUAE AL OCT 2 Mo 2 70 B R AR, IFFF DAC i
AT IaEYE OCT MA 15 . 2018 4F, Laurin 251 K
B B G N 6 (DAO) L FHAF 25 5l 4 55 0 HF R 4L
3 En-face OCT & 4¢, SE P 2.8 um S [a] 43 HE% . [A)
4, South S5 K AR T B8 A 4 15k 17 4 1 BRI AR
IEFEATES A, Eo AR IE T ARG 2, 5 TGk
AR IR SZ 25 A 1 175 M4 L R R 0075 W

5 % i

=A

B 5 20 R RUVR T 12408, 7 TR AR 8UTAl
S B0 B 43 HE R A ) B 2 SRR B R —
W, OCT HR A & I LUK — H9H T4
Y2 ) JE R | SR FEAOG AR, HRTE £
A IRBF G2 WA AT Bk g T, SChxfiE 10 2
PR F IE NG Y & R K AR R B OCT A& i
FH ) AN BCRBEA T T I 985 5007, AR5 A% i B A
Bl b 5 AR, OCT Al 43 it OCT (TD-OCT).
JiE 4L OCT (SD-OCT) A4 i OCT (SS-OCT) =K
Je, B S 23 43 = F BB O RGN 7 % .
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Hr, 63k OCT A HJ8 OCT #J& T4 8 OCT,
B 5¢ BT OCT, I8 45 [ M I B S A 7 1A B
SHYEST IR SR R . ARG OCT 7640 I i A A5 B
A DA S IR ey B0 il o3 B (H T OCIR AL
LB AR 2E 5 0 B TE R BT IR Bk O A 32 i
3. OCT RG22 HE 5| AM OCT R RGi 4 2%
AN T kG PR T R ] 43 BER, AO AT L S R R
OCT H& [ 43 B2, S SR 19X 5% 200 6 K% fole 40 i 65 ) 30 A
SRR A, DL B ) 2 30 A A R R AL Y R B 22

AR A1 B I B AN E Ty AN [E], 3 O
AT LLGr R T I AL s . D mi R I #e R4 T 3k
I 2 A T A B ) 3 I ' R P G U i A% T
TR A ARG T A AR R AT ] 42 I T4 I R A 1 Y £
FHIEN G, b HE NG OCT g 4
SR SRR AR R S K SR A T A

(1) FEAFEIR AT LR 7 OCT Ay dl i 2 9%, (H 5
B IE 2%, A et — 4R = AO-OCT 19 4% ] 43 Bt
Rl 22 BB MR T R A TR B A IE (A 25
PR 22 ST AOAR IE, AR ARAR A% 1 R 1 5 4
B OCT BRI E AR R Z —;

(2) B T B & RG2S OCT B8/, — s 5
TET R B8R XI5 , 7 AO-OCT #E471% X 8k ) 7o
YHERG . K A I NG RGBT R ENR
SR B2 T 3R 1) 1 1R AT LA 8 4 KL I B OCT AR A% 114 4
Y, JE S LM I OCT fUA B AR K % SRt s

(3) FEAT I (AP 19X RS R A% B, B 76 IE AL T
NR2s % AR [ IR BR IS sl 7= A i, = i %
0 PR 0 i 4 . 20 1l A V2 HIR Bk 3l B 5% 1) o 4 R
FEARFNAR A K S T7 115

(4) B FBA MG 2F Te A A BRI, JE D% i % J%
R AO AT AR K fk AO-OCT Z4¢, 1H AR ] H 357 iy
TCA% AR R G WA IE 34 P 0, A% I B[] 25 Ak A5 25 11
fie 1% 22, HiE N AR Z B DL A8 A B 2R B 1Y
OCT TCAL IR AR I AT IR 22 1 1E 7

(5) S G I T REAFR 0 B S NG EH AR L,
2 AR 22 BB 1 1T AR REAS AR TR A 5 4B F
FIREIE, o Ml 2 BEoR R 40 A 1A PR R IR, 76
BN BUAGR B TP R AT 8 o R = A U, B TSR
RS IE 7 V6 4 A R T RE & e I R 3 FH i R —AR
AO-OCT Z%4i;

(6) T AF 2k, BEE H 3 G 7 H R 1 ik 5, AO-
OCT ¥ i I3 il AS Wi 4 J|& . AO-OCT IfiL % & 5% (OCT
Angiography, OCTA) & & B —Fp L Y L JER ATE
8T AL I3 IR R o 5 bR M OCTA WUR AR LE,
AO i B 2 G0 52 A 1) 1 SR PR AR AT DA g i i 78 X L
JE, FEAT LI 0 4 S5 R 1) = HEREA . B T AR
JERLE, Fl AO-OCT #EAT S50 sh W) UG5 [ 1AM
R %8R 5

(7) B & & O HOR M R T, T 1O d
AR AHH T 2 BT A% (Quantum-Optical Coherence Tomo-
graphy, QOCT) i& b 7€ A ¥y & = 0 5l 45 21| i FH P, T
DAKE TE (S E B €L, Al i) 43 BE R LU AZ 48 OCT H R4
A, 2P T OCT AR TR RE I L8R 2 ke, FE R
KA A BB G A Y B2 R EOR o
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