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Fig. 1. (color online) Setup of the SS-OCT system.
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Fig. 2. Diagram of the phase correction.
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Fig. 3. (color online) Correction effect of a mirror: The (a) structure, (b) phase, and (c) differential phase images of
a mirror in M-mode; the (d) initial phase, (e) differential phase, and (f) corrected differential phase at the maximum
intensity depth.
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Fig. 4. (color online) Correction effect of a infra-red detector card: (a) Structure image; Doppler images

before (b) and after (c) phase correction; Doppler phase before (d) and (e) after phase correction.
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Fig. 5. (color online) Correction effect of the cerebral cortex of a mouse: (a) Structure image; Doppler

images before (b) and after (c) phase correction; Doppler phase before (d) and (e) after correction.

4 %

ARHRIE T —Fh SS-OCT WA AL AR IEJ7 1%, 18
R R GUMALIRZE IR 23 A, $R T S iy B
B R IEC TR IR T RRZINEX P HBE 9Ot
R /N BRI RE SR F) 22 3 3 AR BEAT AR IE, 453
TR RBFIERCR. ARTTEA TR RGN
BEE, BEIR T ARG R L. 5 HA B IR T7 %
FECEL, ATTEA TR ERATIEN GBS, fewm 7
FE. B AR IE 75 %5 T A 4 A-line IO A A7 2218,
NPRAUEAR A 75 B e M RD R, 52 R 48 A
L. AT AEAN SN 5 LE RCR A5 B0 R PR AR R A

R, PG, REATT LRz .

S

[1] Huang D, Swanson E A, Lin C P, Schuman J S, Stin-
son W G, Chang W, Hee M R, Flotte T, Gregory K,
Puliafito C A, Fujimoto J G 1991 Science 254 1178

[2] Chinn S R, Swanson E A, Fujimoto J G 1997 Opt. Lett.
22 340

[3] Ding Z H, Chen M H, Wang K, Meng J, Wu T, Shen L
F 2009 Chin. J. Lasers 36 2469 (in Chinese) [ 1 &1,
ML, YL, Wi, R, ¢ 2009 FEEOE 36 2469]

[4] Choma M, Sarunic M, Yang C, Izatt J 2003 Opt. Ezpress
11 2183

014201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.1957169
http://dx.doi.org/10.1364/OL.22.000340
http://dx.doi.org/10.1364/OL.22.000340
http://www.opticsjournal.net/abstract.htm?aid=OJ091023000001oVrXu1
http://dx.doi.org/10.1364/OE.11.002183
http://dx.doi.org/10.1364/OE.11.002183

) I % R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014201

[6]

Chen M H, Ding Z H, Wang C, Song C L 2013 Acta
Phys. Sin. 62 068703 (in Chinese) [MRFAH, T E1E, T,
RAF] 2013 ELEAR 62 068703

Baumann B, Potsaid B, Kraus M F, Liu J J, Huang D,
Hornegger J, Cable A E, Duker J S, Fujimoto J G 2011
Biomed. Opt. Ezpress 2 1539

Braaf B, Vermeer K A, Sicam V A D P, van Zeeburg E,
van Meurs J C, de Boer J F 2011 Opt. Express 19 20886
Huber R, Wojtkowski M, Fujimoto J G, Jiang J Y, Cable
A E 2005 Opt. Express 13 10523

Liang C P, Wierwille J, Moreira T, Schwartzbauer G,
Jafri M S, Tang C M, Chen Y 2011 Opt. Express 19
26283

Huang L M, Ding Z H, Hong W, Wang C 2012 Acta
Phys. Sin. 61 023401 (in Chinese) [# R, T &4, H,
FI 2012 YLK 61 023401]

Liu G Z, Zhou Z H, Qiu J, Wang X F, Liu G L, Wang
R K 2013 Acta Phys. Sin. 62 158702 (in Chinese) [XI]

(12]

(13]

[14]

014201-7

B, e, DY, ERY, XIEEAL, TR 2013 MBSk
62 158702]

Park B H, Pierce M C, Cense B, Yun S H, Mujat M,
Tearney G J, Bouma B E, de Boer J F 2005 Opt. Ex-
press 13 3931

Yazdanfar S, Yang C H, Sarunic M V, Izatt J A 2005
Opt. Ezxpress 13 410

Vakoc B J, Yun S H, de Boer J F, Tearney G J, Bouma
B E 2005 Opt. Express 13 5483

Choi W, Potsaid B, Jayaraman V, Baumann B,
Grulkowski I, Liu J J, Lu C D, Cable A E, Huang D,
Duker J S, Fujimoto J G 2013 Opt. Lett. 38 338

Hong Y J, Makita S, Jaillon F, Ju M J, Min E J, Lee
B H, Itoh M, Miura M, Yasuno Y 2012 Opt. Ezxpress 20
2740

Liu G J, Tan O, Gao S S, Pechauer A D, Lee BK, Lu C
D, Fujimoto J G, Huang D 2015 Opt. Express 23 9824


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.62.068703
http://dx.doi.org/10.7498/aps.62.068703
http://dx.doi.org/10.1364/BOE.2.001539
http://dx.doi.org/10.1364/BOE.2.001539
http://dx.doi.org/10.1364/OE.19.020886
http://dx.doi.org/10.1364/OPEX.13.010523
http://dx.doi.org/10.1364/OE.19.026283
http://dx.doi.org/10.1364/OE.19.026283
http://wulixb.iphy.ac.cn//CN/abstract/abstract45039.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract45039.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract55140.shtml
http://dx.doi.org/10.1364/OPEX.13.003931
http://dx.doi.org/10.1364/OPEX.13.003931
http://dx.doi.org/10.1364/OPEX.13.000410
http://dx.doi.org/10.1364/OPEX.13.000410
http://dx.doi.org/10.1364/OPEX.13.005483
http://dx.doi.org/10.1364/OL.38.000338
http://dx.doi.org/10.1364/OE.20.002740
http://dx.doi.org/10.1364/OE.20.002740
http://dx.doi.org/10.1364/OE.23.009824

32 % R Acta Phys. Sin. Vol. 65, No. 1 (2016) 014201

Phase correction method based on interfacial signal in
swept source optical coherence tomography”

Pan Cong Guo Li Shen Yi Yan Xue-Guo Ding Zhi-Hua  Li Peng'

(State Key Laboratory of Modern Optical Instrumentation, College of Optical Science and Engineering, Zhejiang University,
Hangzhou 310027, China)

( Received 9 July 2015; revised manuscript received 21 September 2015 )

Abstract

There are intrinsic phase errors in swept source optical coherence tomography (SS-OCT), which severely influences
the functional imaging. To overcome this difficulty, a numerical correction method is presented in this paper to correct
the phase artifacts due to wavenumber shift among the spectral interferograms, resulting from the random delay variance
between the sampling trigger and the clock of the swept source laser. This correction method is based on the linear
relationship of phase difference to the depth of the sample and the wavenumber shift. The detailed procedure to eliminate
the phase artifacts is as follows. Firstly, we figure out the complex OCT signals through inverse Fourier transform of
the initial interferograms. Then we fit the upper surface of the sample with the intensity information of the B-scan
by setting a floating threshold. After that the wavenumber shifts of each A-line are determined by two steps with the
phase information of the sample surface: the relative wavenumber shifts between adjacent A-lines are first obtained
according to the phase difference between the adjacent A-lines, the signal depth, and the linear relationship mentioned
above; then we figure out the absolute wavenumber shifts between each A-line and the first A-line of the B-scan by an
iteration algorithm. With the information about the wavenumber shift, we align the initial interferograms, and obtain
the corrected complex signal through re-inverse Fourier transform of the aligned interferograms. This method introduces
no extra noise, realizing phase measurement limited by the signal-to-noise ratio. It is noted that we take the average
phase information of several axial pixels near the sample surface to diminish the noise influence when calculating the
wavenumber shifts. Besides, this corrected algorithm acquires oversampling along the scanning direction to ensure the
signal correlation between adjacent A-lines.

The SS-OCT system in the paper is set up with a vertical cavity surface emitting laser with a center wavelength of
1297 nm. The system measurement range is 12 mm in lateral direction, the axial resolution is 17 um, and the lateral
resolution is 24 pm. And the feasibility of this method is verified by Doppler imaging of a mirror, an infra-red detection

card and the cerebral cortex of a mouse.
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