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Optical Coherence Tomography Based on Depth Resolved
Dispersion Compensation
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Abstract A new method of depth resolved dispersion compensation to enhance the axial resolution in Fourier-domain
optical coherence tomography is proposed. In this method dispersion of light over whole imaging depth range is
compensated accurately with depth-resolved dispersion coefficients which are obtained by windowed Fourier transform
of spectral interferogram. The proposed method can simultaneously compensate broadening and distortion of point
spread function in different imaging depth compared to traditional dispersion compensation method where over and
lack of dispersion compensation arise because a uniform dispersion coefficient is used. Results of computer simulation
and experiments indicate that the proposed method can make a good dispersion compensation and improve axial
resolution through the whole imaging depth of Fourier domain optical coherence tomography.
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Fig. 1 Flow chart of depth resolved dispersion compensation method
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Table 1 2nd and 3rd-order dispersion coefficient of air, K9

glass and water at wavelength 840 nm

g (s?/pm) g (s’ /pm)
Air 0 0
K9 glass 0.041 0.030
Water 0.021 0. 040
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Fig. 3 A-line signal of simulated sample. (a) Signal without

dispersion compensation; (b) signal with depth

compensation;  (c¢)  signal

resolved  dispersion

compensated with uniform dispersion coefficient
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depth resolved dispersion compensation

95
90 (a)

85 ﬂ

gso ‘

70

T

65 ﬂ
ot ol U Lt

0 0.22 0.50 0.79 1.07

Depth /mm

95
90 (®)
85
80
75

70 A \
Tl A W Vs

0 0.22 0.50 0.79 1.07
Depth /mm

e r

SNR /dB

K6 PR BRI A N Aline 55, (DBALOHAMENEIRE S (D EREDHOHMENE S

Fig. 6 A-line signal of two piled slices of glass. (a) Original signal without dispersion compensation; (b) signal with

depth resolved dispersion compensation

4 4k ®

SR T R B 4 I G BORM By 3 R T AE
S VR BRI S L A 25 006 2 A T TR AT R 1 O
[ 436 o X 22 J2 I S % R AR S I DL
W B AE T WA RO . 7 1R T L B
P R T S 22 O B A 1 B SR S TR I e —
0,0 F B A7 HME B 1 S R B o b B A B A
LS ST WU OCT Hp A 50 0 . A T 5 55
B OCT 6 BOH B% 7 6 L VR B 43 8 0 B0 B 7 32
T 2 T ] SR K 4DUR: FH S o A
GEA AT R AR B R I R . N 3B
5 TF 7 EE 7 A W A T R 19 P 52 B0
5 HE— B W AIE T B 1 S5 A

Z & X #t

1 David Huang, Eric A. Swanson, Charles P. Lin e al.. Optical
coherence tomography [ J ]. Science, 1991, 254 ( 5035);
1178~1181

2 G. J. Tearney, M. E. Brezinski, B. E. Bouma et al.. In vivo
endoscopic optical biopsy with optical coherence tomography[J].
Science, 1997, 276(5321) : 2037~2039

3 Yoshiaki Yasuno, Takashi Endo, Shuichi Makita e al.. Three-
dimensional line-field Fourier ~domain optical coherence
tomography for in vivo dermatological investigation [ J]. J.
Biomed. Opt., 2006, 11(1). 014014

4 Takashi Endo, Yoshiaki Yasuno, Shuichi Makita. Profilometry
with line-field Fourier-domain interferometry[ J]. Opt. Express .,
2005, 13(3): 695~701

5 Bu Peng. Wang Xiangzhao, Osami Sasaki. Fourier-domain
optical coherence tomography based on sinusoidal phase
modulation[J]. Acta Optica Sinica, 2007, 27(8): 1470~1474
$ Wy, EmE, ARG, E5ZA AL S0 AR EOE 2 A T 2
Mraifzl)]. B %4k, 2007, 27(8): 1470~1474

6 Duan Lian, He Yonghong, Zhu Rui er al.. Development of a

0217002-5



2 i

spectrum domain 3D optical coherence tomography system[]].
Chinese J. Lasers, 2009, 36(10): 2528 ~2533
B MR, ke, ROBL S S4EREOCEM T ENRG RGN
WRRILI]. Bk, 2009, 36(10) . 2528~2533

7 Yang Liu, Wang Chuan, Ding Zhihua e al.. Image
reconstruction in dioptric media for spectral domain optical
coherence tomography [ J |. Chinese J. Lasers, 2011, 38 (5):
0504001
omn. £ O TR SE G B RO 2 A TR T RR
RIEMLI]. FE%k, 2011, 38(5) . 0504001

8 Tong Wu, Zhihua Ding, Kai Wang et al.. Swept source optical
coherence tomography based on non-uniform discrete Fourier
transform[ J]. Chin. Opt. Lett., 2009, 7(10): 941~944

9 W. Drexler, U. Morgner, F. X. Kartner e al.. In vivo
ultrahigh-resolution optical coherence tomography [ J]. Opt.
Lett. , 1999, 24(17). 1221~1223

10 A. Fercher, C. Hitzenberger, M. Sticker et al.. Numerical
dispersion compensation for partial coherence interferometry and
optical coherence tomography[ J]. Opt. Express, 2001, 9(12):
610~615

11 M. Wojtkowski, V. Srinivasan, T. Ko e al.. Ultrahigh-
resolution, high-speed, fourier domain optical coherence
tomography and methods for dispersion compensation[ J]. Opt.
Express, 2004, 12(11): 2404~2422

12 Daniel L. Marks, Amy L. Oldenburg, J. Joshua Reynolds et
al.. Autofocus algorithm for dispersion correction in optical
coherence tomography [ J]. Appl. Opt., 2003, 42 (16):
3038~3046

13 A. G. Van Engen, S. A. Diddams, T. S. Clement. Dispersion
measurements of water with white-light interferometry [ J .
Appl. Opt. . 1998, 37(24) : 5679~5686

EERE:# %

0217002-6



