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Improvement of spectral domain OCT image quality by linear
interpolation and CCD response compensation
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Abstract; Data collected by CCD camera is a function of wavelength in Spectral-Domain Optical Coher-
ence Tomography (SDOCT) system. By consideration of a wavelength-depended response characteris-
tics of CCD and the Fourier transform relationship between time (distance) and frequency (wave-num-
ber), the CCD data must be responsivity-compensated and resampled by linear interpolation in fre-
quency space. Based on the above analysis, the CCD response compensation method and the linear in-
terpolation arithmetic were suggested and tested by the sample imaging. Results show that signal-to-
noise ratio (SNR) increases a 30% in proposed method and arithmetic mentioned above, and the OCT
image quality is greatly improved.
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CA-D6 Camera spectral response
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Fig. 3 Responsive spectrum of CCD camera(CA-D6-
0256 W)

I:I(‘(,‘D , (5)

Hor R Ay g B . AR 3 A5 i . CCD AL (CA-
D6-0256 W) 7E 810~ 850 nm %) I 4 78 [l P o) )7
BE K 0. 76~0. 60 (L PEA AL,

&l 4 J@os 1 xF CCD kA7 i B2 #3225 2R
S5 R WIHGIMT me M IS A S 0 e B

200
190 |
180
170
160
150
140
130

Relative intensity

120
810 820 830 840 850
Wavelength axis/nm

(a) CCD Wiy T #5115
(a)Modulated spectrum read by CCD camera

480
460
440 |
420
400 |
380
360
340 |,
320

Relative intensity

300
810 820 830 840 850
Wavelength axis/nm

(b A7 1 B A2 I BT 5 1

(b)Modulated spectrum after response compensation

B4 TR
Fig. 4 Modulated spectrum

T A AR B AT I R L O 50 e I )
(B 5 [A] 1 3¢ % s 1) 2 [8] £ 47 /9 (= 2% 24 5



932 P

i T

%14 5

(2)) BT LA Wh 200 2 410 K AH S Bt T QO 5 4 i
B EBE [k, BT kS =27/20 -k AL
(), T BT S R PR e M, R R T —

&AM .
FEPITRE (L& Gy LT 200 /A WD) T N
k,»:kl—’—(i*l)(ka]:]il) , (6

HrAt by =2r/Ax skn=2mn/A1,i=1,2,--N,
SRIG S SRR P A =2/ ke BEAS A
(A} HOHE AT =R AT B . A A (D ~ (1O IR .
(OWHE A =2,

I(ki)::I(Ak) D (7)
O IH A =20, N
I(k{)::I(Ak+l) 9 (8)

DU X <<A <A W]

1@/):1(A@+Lf;))[l<mn—mu] :
k

g
9
ICkH=TIQ,) . (10)
545 H TN A4 HEAT S M AME S B 26
T W ig .

200
190 ¢
2 180t
5 170}
=160}
o
2z 150}
S 140
&)
130}
120
7.4 7.5 7.6 7.7 7.8
Wavenumber axis(1/nm) X 107
480
4601
2 a0
5 4201
(=]
5 o0
§ 380r
5 3600
340¢
320
7.4 7.5 7.6 7.7 7.8

Wavenumber axis(1/nm)X 1073

B 5 LRk 0 R o6 T i
Fig.5 Wave number-dependent modulated spectrum

after linear interpolation
6 JB/R T =281 OCT EHR (55 .

MG BRI B2 3 8 B B = A T I Y
P e AEE I B IR LB . i AR

AR MRS B A R EL 2R AN DLRT Y 1. 3 A

3.0
25+
201
15+t
1.0 |
0.5

0

Image

-1 0
Depth position/mm
() #MEE I

(a)Before compensation

3.0
25+
20 ¢
15¢
1.0
0.5+

0

Image

-1 0 1
Depth position/mm

(b #MgE 5
(b) After compensation
K6 =Zmgn OoCT BES
Fig. 6 OCT image signal of three sheets of glass

AKX SDOCT ZGEHAT T W5, 407 T
CCD ) 7 J3£ [ 50 1RSI 4 AH 5C 1 S00HE 7% 5 A itk
HEOR 6 1 500 1 R R, R AT T SE B B IE

ARG FNHEE AT

Xt SDOCT RGN & » BT % I 19 4 3% &8
T » DU R G2 1 R BE A BBk A A i CCD A6l 11
A G B I A A i Db 202 i 3] CCD Xf
AN TR) B K B i 7 o AR AT 38 2 P A

HY T P14 A AT 0 R 7 P 3 o T SR 1Y
B Ry e B BRI BT LA T CCD SR 1) £ 4
HEAT S 46 T A 0 I 00 =z R AR M DG 3R L B
S Al AT AV AME

AR SO B e SR R £ 7 U B AR - D
BAs e R AME L R AT B S T OCT
EIRHEME L, 2 T OCT BHG I



5 SRR AT A5 R PEAME TR A CCD i b #0204 $2 = 4% OCT &4 5 933

S 23K
[1] HUANG D,SWANSON E A,LIN C P,et al. Optical coherence tomography[J]. 1991,254(5035); 1178-1181.
[2] TERAMURA Y,SUEKUNI M, KANNARI F. Two-dimensional optical coherenc tomography using spectral do-
main interferometry[J]. J. Opt. A:Pure Appl. Opt. , 2000,(2) :21-26.
[3] YUN S,TEARNEY G,BOUMA B. High-speed spectral-domain optical coherence tomography at 1. 3 pm wave-
length[J]. Opt. Express,2003,(11): 3598-3604.
[4] KO T,ADLER D,FUJIMOTO J,et al. Ultrahigh resolution optical coherence tomography imaging with a broad-
band superluminescent diode light source[J]. Opt. Express,2004,(12): 2112-2119.
[5] LEITGEB R A,DREXLER W, UNTERHUBER A, et al. Ultrahigh resolution Fourier domain optical coherence
tomography[ J]. Opt. Express,2004(12):2156-2165.
(6] #A#% ,sik4e. F Monte Carlo Sl RBFFE OCT EHG M HELI]. &% #% T42,2004, 12(1):94-99.
HU H F, YAO J Q. Application of Monte Carlo Simulation technology in OCT imaging contrast [J]. Optics and
Precision Engineering ,2004, 12(1):94-99. (in Chinese)
[7] ZVYAGIN A V. Fourier-domain optical coherence tomography: Optimization of signal-to-noise ratio in full space
[J]. Opt. Commun. ,2004,(242):97-108.
[8] CENSE B,NASSIF N,CHEN T,et al. Ultrahigh-resolution high-speed retinal imaging using spectral-domain optical
coherence tomography[J]. Opt. Express,2004,12:2435-2447,
[9] ANDERSEN P, THRANE L,YURA H. Advanced modelling of optical coherence tomography[J]. Phys. Med.
Biol. ,2004.,49.:1307-1327.
[10]  Fea@ds. iRz ix. CCD QR MR AR 2P IET LT ], o5 H % 42, 2004,12(2) . 216-220.
CHEN Y J. ZHANG ZH J. Correction of CCD pixel nonuniformity[ J]. Optics and Precision Engineering ,2004 ,
12(2):216-220. (in Chinese)
[11] HAUSLER G H,LINDNER M W. Coherence radar and spectral radar - new tools for dermatological diagnosis
[J]. J. Biomed. Opt. ,1998(3):21-31.
[12] GATZINGER E,PIRCHER M,LEITGEB R A,et al. High speed full range complex spectral domain optical coher-
ence tomography[ J]. Opt. Express,2005(13) ; 583-594.
[13] DE BOER J F,CENSE B,PARK B H, ez al. Signal to noise gain of spectral domain over time domain optical co-

herence tomography[J]. Opt. Lett. ,2003,28:2067-2069.

EER N KB (1962—), 5 WIEETT IO L RE R AR A e ) B 722 %l 1 - D 50 A 0 6 4 1R 2 K2 ) B

2 BEMF 5T B, WF 5T 0 7] A G 0 R PG AL B O R O & K i 4% . E-mail: zhangtaesok@eyou. com
2 WI1959—) L B REER ARG S AES MOB L F L4 BE . Email:ligang59@ tju. edu. cn



