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1 Introduction

1.1 Spectral Domain Optical Coherence Tomography

8 9 >
$))AFS$G,
& & &
8 9
5 2
H 2 =(( C-FG:
B 4C-
& F.G FBG 2
1 I ,
FAG, 2
&
&
*
& > &



Ay Reference Arm

)}zkz

Sk, @)E™*=

ER:\/RiR@ \E

S(k.w)E™s
Eszzﬁ®j< IJ

$,
= S(k,0)E™
2 ]11”
s (Ak 2\/111_'*
SLD
&5

DIkl [yR +/s(K)Eg

DIkl s(k{R | Eg [*

JRAS(KESIR /s(K)Ex

R |Es [’

/ »7

Sample Arm

Photo Detector

U (Eo+E)E.+E,)

F$G&
JRASK)ES] 8% 9

2,/R R, cos@k z)} 8% 9



1 k & D[K] &J 2

& s(k)

2\/F (k K )2JF

s(k) . \/— xp{ [——F— ” 8'9
6
£ (%) jz_exp( (X2 Xg)z)& : 2 8>1C9
/ . Kk
2/2In2 5 8'9, ZW&
k >IC 6
& >
k
&
s(k)2 R R, cos@k z)dk 2,/R R, cos@k, z)exp| (2 Z\/F 8;9
1 K, H 0 I



2In2 2

83%9& :
3* > 2
F=G
V4
(2 1 %)
F
pf
F 212 2 4y 2
P
P
H 2
H Z
* 2 &
8 9FNG 3*&:

Transverse Resolution

8B9
&
3%,
-& (2&
8A9
8A9
H f
1222 8=9

NA



max

F@G

k/2

4nZ

target

target

8%9

F)G&

8@9

8)9



& > 8>9

F$G "

Dlz,]  Dk.lexpl j2 kn2z,]n {LM)

m1

DIK,] DIK],
8%BI 9
2
K .
& rect(m)& .
&R(2)"
RD (— sin[ 2/2/2 ])2
* / F$$G,
& R(2) &:

&: | & R(2) &

8%$(9

8$$9

2&



7,7

SDOCT

&: /
3
F$'G& 2
I:)0 2 PO 2
[ Nh 0] S I’Rf [ h o ] S er
i 2 . N( szhot e2xcess r2eceiver)
N noise
H 5 H
- H h 0 H
H
H
, 5 8%'9
(L

8%$'9



8 O9F$G,

4C-9,

=(C-

%((: (5(

1.2 Retinal Imaging and Glaucoma
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1.3 Anterior Segment Imaging, LASIK and Clinical Si
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1.4 Optical Coherence Tomography Technology Develop  ment
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for Retinal Imaging, Doppler Imaging, Synthetic Wav

Phase Unwrapping
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1.5 Polarization Sensitive Optical Coherence Tomogr  aphy for
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1.6 Extraction of Clinical Refractive Parameters an  d Ocular
Wave Aberration Measurement Using SDOCT
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2 Optical Coherence Tomography Technology
Development for Retinal Imaging and Phase Imaging

2.1 High Speed Fiber Based SDOCT for Retinal Imagin g

2.1.1 Introduction
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2.1.4 Dispersion Issue in Complex Conjugate Case in Retina
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2.2 Extension of OCT Using Phase Sensitive Methods
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2.2.1 Retinal Doppler Imaging
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2.2.2 Methods and Results to Remove Doppler Bulk Mo  tion
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2.2.3 Methods and Results of Phase Unwrapping Using Synthetic
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3 Functional Imaging with Polarization Sensitive
SDOCT

3.1 Introduction

8 9
5 8 & K
9 / , O
80 9: $))FAG 5 &
FA/=G& &
F;@/B$& B;& =;G, 0 &
2 &
2 &
73>? C L , &0
/ 8* 9& :
8 9
8709 FBAG, > 2 &
70 70 FB=G, *
0 H :
2
1 & : &



- 80/ 9
111 $9%&((( */

K 8A( 9, 0/

+ F=BG& :



b 4

7’
7’

4
_-~ Fast axis ne
4

‘T #

-cos’# sin? 4

gk sWERVE 8 25 3% 805 0 b5

3.2 Simulation and Polarization State Selection

1 F=AG&
5
1
7

. 2E(r, ) KPE(r, )

K’[n*(r, ) 1]

X

sin#cos#(l el )*-E.*

Jones Matrix
H
4
*

4 F(r, )E(r, ) 8%9
89



n(r,

$( FPA& ==

(&

A)



EE, 3, )e"

E° &, aHi(, )e”

EY & (BJ.(.) &Y., )e”

n

&:

o 30 @3, (58) VZ70,3,( 03)Jn( ,3)

00 @HP( @) 3.0 @RP( )

b j" J.( oa)Héz)'( 0d) ‘Jn( oa)HrSZ)( 0d)
" 3. @AHP( @ J27103,( ,@QHP( )

8:9

8B9

8A9

8=9

8%9

8@9



0

)&



0

)&

+(

D E;






3.3 Materials and Methods of Free Space Based PSOCT
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3.4 Materials and Methods of Fiber Based PSOCT
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3.5 Results of Fiber Based PSOCT
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3.6 Summary
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4 Anterior Segment Imaging and Extraction of Clinic al
Refractive Parameters

4.1 Introduction
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4.2 Methods of Anterior Segment Imaging
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4.2.1 Nontelecentric Correction

/ Fo%$G&
5 A / 5
Volker Westphal F%$G,
19 3
D (H H h H max

HD

5 8%9



1B ()
F C$ " ) (
& . 1 n (

R(xY) Arctan(R(%y))*D;R X2 y? 89

4.2.2 3D Refraction Correction
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4.2.3 Zernike 3D Interpolations for Radial Scan Pat terns
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4.3 Extraction of Clinical Refractive Parameters an

Aberration

4.3.1 Corneal Thickness Mapping

5

(X %) (y z) (z z)
F(x,y,2)/ x F(x,yv,2) vy 1
(XO’yO’ZO) H

5
5 8%%9 8%@9, *

87C*9

)B

d Wave

(xy,2)

8%;9



@®

(xy.2)

8%$B9

Qz' z(uncorrectd endotheliun position)
Stepl: § x X F(xy.2)/ X(x0,y0,20) (z z,)
7 y yo F (X’ Ys Z)/ y(xO,yO,zO) (Z ZO)

F(x,y,2)/ X(x0,y0,20) F(xy,2)/ Y(x0,y0,20)

)A

1& H z ( 6

E)

(xy.2),

8%$B9



(X,y,z)

7if |z z |C1,thenstopand(x,y,z) will bethetarget point

1 Do $

9
yif|[z  Zz | Zthen

Step3:8z z |z <z |/2 if z <z searchpointisbelow endothelium 8%$=9
z z |z z|/2if z z searchpointisabove endothelium
7Repeat Step 1and Step2
, C =
* 3: L
3:
NewtonSearch Diection | G(x,y,z)l, G(xy.2) m, G(xy.2) ] 8%$%9
X y i
G(x,y,2) O
5 (I.m.n) :



G(X! Y, Z) G(X! Y, Z) G(X! Y, Z)]
X y z

& |

4.3.2 Corneal Wavefront Aberration Analysis
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4.3.4 Measurement Refractive Index of Human Cornea
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4.4 Statistical Experimental Design for Clinical Ap  plication
4.4.1 Statistical concepts
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4.4.2 Preliminary Pilot Clinical Study Results
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4.5 System Calibration and Phantom Results
4.5.1 Lateral Scanning Range Calibration
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4.5.2 Axial Scanning Calibration
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4.6 In vivo Results
4.6.1 Radial Scanning Mode
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4.6.2 Error Analysis
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4.6.3 Raster Scanning Mode

Marinko V. Sarunic. The central wavelength of the system is 1.3
micrometers and it provides a swept rate of 6.7 KHz. The axial resolution of the OCT

system is 9 micrometers in air[72]. ; 2 ;
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5 Future Works in Spectral Domain Optical Coherence
Tomography

5.1 From High Speed SDOCT to Ultra High Speed SDOCT
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5.3 Brewster Angle to Improve Anterior Segment Imag  ing
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5.4 Cellular Corneal Imaging Based on Light Scatter  ing
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5.5 Estimation of the Wave Aberration of Each Compo  nentin
the Cornea
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