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Fig. 1. Setup of SS-OCT: CP, coupler; CIR, circula-
tor; BD, balance detector; WDM, wavelength division

multiplexer.
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Fig. 2. The offset between MZI signals obtained using

cross correlation in the time domain when using the
laser HSL-2000.
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Fig. 3. (color online) (a) MZI signals with different sweep range and the corresponding unwrapped phase curve;

(b) MZI signals’ total pixels in time domain and the distribution of the phase increment. The data obtained when

using the laser HSL-2000.
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Fig. 4. (color online) (a) 1000 MZI signals’ unwrapped phase curves and the phase distribution at specific position

(red vertical line); (b) phase curves that has largest swept range was marked by red curve. The data obtained when

using the laser HSL-2000.
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Fig. 5. (color online) (a) Interference signal in area 1 and 2 will be excluded in truncation when there are fluctuation in

wavenumber (top) and spectral misplacement (bottom), respectively; (b) Ding et al.’s method 107 and (c) proposed method.
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Table 1. Polynomial fitting coefficient for the unwrapped phase of the MZI signal.
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Fig. 7. (color online) (a) Unwrapped phase curve and its differences; (b) interpolation of MSI signals using unwrapped

curve of MZI signal that has largest swept range.
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Fig. 8. (color online) (a) Depth profile of truncated
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signal excluded with point number.
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Table 2. Multiplication number of main process step in different method.

JUSLpIAY PR IR HERE 51 SCHR [10] Hh ) B RAY 5 i
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Fig. 11. Pomelo fruit flesh intensity image obtain from
when (a) implement resampling with different wavenum-

ber increment, (b) use proposed resampling method.
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A full spectrum resamping method in polygon tunable
laser-based swept-source optical coherence tomography”
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Sciences, Suzhou 215163, China)
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Abstract

Swept-source optical coherence tomography (SS-OCT) has high sensitivity and signalnoise ratio compare with time-
domain optical coherence tomography and spectral-domain optical coherence tomography. Therefore, SS-OCT is the form
of Fourier domain optical coherence tomography predominantly used in experimental research and biomedical image.
However, polygon tunable laser-based SS-OCT suffers sweep range fluctuation and spectral misplacement. Under certain
circumstances, in the current resampling methods cross-correlation is widely used to align spectrum misplacement, and
truncate A-lines in order to ensure the consistency of frequency-scanning range, which, however, degrades the image
SNR and resolution. We use the Mach-Zehnder interference (MZI) signal to quantify and analyze this problem in two
typical polygon tunable lasers. The periodical change of sweep range and spectrum misplacement show the instability
derived from polygon mirror. The parallelism among unwrapped phase curves indicates that polygon tunable laser
output spectra have consistent wavelength distributions, and thus it is suited to implement cross-correlation between
MZI signals in time domain, and an unwrapped phase curve can represent the wavelength distribution of all A-lines.

According to the above conclusions, we demonstrate a resampling method in which the zero-padding interpolation
and cross-correlation are used to align A-lines in time domain and eliminate the residual phase noise caused by integer
shift. Then the unwrapped phase curve that has a largest sweep range is used to resample all the aligned A-lines, and the
interference signals can be fully utilized. The experiments for signal truncation and Pomelo fruit flesh indicate that the
proposed method can improve image SNR but does not make the intensity image dislocated. The phase noise (3.9 mrad
for a 49 dB SNR) from static mirror is close to theory limit after resampling, thus showing good phase stability and
resampling precision. The proposed resampling method also needs less computational work than one-to-one resampling

method because it only fits unwrapped phase curve and calculates interpolation coefficient once.

Keywords: polygon tunable laser, sweep range, resampling method, signal utilization

PACS: 42.30.Wb, 42.60.Mi, 42.60.Lh DOI: 10.7498/aps.66.114204

* Project supported by the National Instrumentation Program, China (Grant No. 2016YFF0102000), the Strategic Priority
Research Program of the Chinese Academy of Sciences (Grant No. XDB02060000), the Frontier Science Research Project
of the Chinese Academy of Sciences (Grant No. QYZDB-SSW-JSC03), the Science Fund for Distinguished Young Scholars
of Jiangsu Province, China (Grant No. BK20060010), the National Natural Science Foundation of China (Grant Nos.
61675226, 61378090), and the Youth Innovation Promotion Association, Chinese Academy of Sciences.

t Corresponding author. E-mail: ioe_eye@126.com

114204-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.114204

	1引    言
	2多面转镜型激光器不稳定评估以及对重采样的影响
	2.1 系统搭建
	Fig 1

	2.2 光谱错位测量
	Fig 2

	2.3 扫频范围测量
	Fig 3
	Fig 4


	3数据处理
	3.1 算法流程
	Fig 5

	3.2 光谱错位矫正
	Fig 6

	3.3 一对多插值过程描述
	Table 1
	Fig 7


	4实验与结果
	4.1 信号截取实验
	Fig 8
	Fig 9

	4.2 重采样精度测量与运算量评估
	Fig 10
	Table 2

	4.3 成像实验
	Fig 11


	5结    论
	References
	Abstract

