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Fig.1 System structure of micron resolution PS-SDOCT using a single camera
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(a) Light source (b) Home-built spectrometer (c) Scanner
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Fig.3 Results based on hardware dispersion compensation

Gk 2L T N2 % rh BB R E A A KO BB R D 17 mm B, AR S5 SR AN V] 4 I B TR B R 5
JETE , A MG T B8 b o O 45 2R 6 52 15 mm (9 KO BERE IR JE

1.0

08| —— With 15 mm KO glass
’ —— With 17 mm K9 glass

Intensity/(a.u.)

0 100 200 300 400 500
Depth/pum

4 15mm#An 17 mm K93 35 T 8 F 0 4% R 8§ 8@ 3

Fig.4 Point spread function under 15 mm and 17 mm K9 glass
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Fig.5 Dispersion results based on numerical compensation

FEART 3 2] o B8 I PN HL AR BN ORE 45 4 IR AT i 42 71

-

(a) Image of TiO, before dispersion compensation

(b)Image of TiO, after dispersion compensation

B6 &2 al/a oy S0m B 46 A
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Micron Polarization-sensitive Spectral-domain Optical Coherence
Tomography Based on Single Camera

QIU Zhiyuan', GAO Wanrong', CHEN Chaoliang’, CHANG Ying'
(1 School of Electronic Engineering and Optoelectronic Technique , Nanjing University of Science and Technology,
Nanjing 210094, China)
(2 School of Electronic Science & Engineering, Southeast University, Nanjing 210096, China)

Abstract: Optical Coherence Tomography (OCT) is an interferometric imaging method, and it is mostly
used in the field of imaging for its non-invasive, high—resolution and high—speed properties. This
technology can also be applied to detect defects in materials. Although OCT can provide images of
morphological structure, it can not distinguish tissues with similar light intensity properties in pathologies.
Polarization—sensitive Optical Coherence Tomography (PS-OCT) is an imaging system extended from
conventional OCT, enabling functional imaging. It can use Stokes parameters, Jones and Muller matrices
to calculate the polarization properties of the samples, like the birefringence phase retardation, the optic
axis orientation and depolarization. PS-OCT has been used in a number of medical applications, such as
burn depth determination and tumor yield assessment. And it also can be applied to examination of stress—
induced birefringence of materials. In previous systems, it is required to detect the two orthogonally
polarized components by using dual cameras based spectrometers. But there are problems with this system
arrangement. For example, it has high cost and requires complex hardware and software designs. In
addition, it is hard to achieve the uniform detection for two cameras, the mismatch between the two
channels can lead to polarization distortions and failure to calculate the true information and additional
algorithms are necessary to tackle it. So a series of single cameras based methods have been proposed.
Single cameras based systems can achieve time—sharing detection or real-time detection of two orthogonal
channels with relatively lower cost and simpler system setup. Wollaston prism, optical switch, grating and
multi-camera are often used to achieve single camera detection. Improving the axial resolution of the
system can enable it to have more potential applications. The OCT system with micron axial resolution can
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achieve cellular and subcellular level imaging and detect subsurface defects in ceramics or other materials.
In order to achieve such a high axial resolution, super—continuum light source is generally used to increase
the bandwidth of imaging. Because the optical path of the reference arm and the sample arm are not
completely symmetrical, as the spectral bandwidth increases, the system can introduce serious dispersion
and affect axial resolution. In this paper, we demonstrate a polarization—sensitive spectral domain optical
coherence tomography imaging system using a single camera with micron axial resolution. It is an all single—
mode fiber-based system, and a broad bandwidth light source is used to achieve micron axial resolution. In
order to increase actual axial resolution of the system, the system dispersion effects are compensated by
using both hardware and software methods. After compensating the first order and second order dispersion,
the measured axial resolution of the system is about 1.61 pm for the sample with an approximated refractive
index of 1.4. In order to realize the measurement of the polarization state of the light reflected from the
sample, the polarization state of light incident on the sample surface and the reference arm is modulated by
the polarizer and four polarization controllers. The horizontal and vertical polarization interference signals
are separately measured via channel switching of a polarizer and they can achieve time—sharing detection by
using only one camera. Intensity and phase retardation information of the samples can be calculated by the
signals obtained from the two channels at different times. To verify the capability of our system to measure
the polarization information, we succeed in polarization imaging with a single camera and obtaining the
images of intensity and polarization parameter contrast of the biological tissue in vitro by using Stokes
vector. From the retardation image of bovine tendon at different position, it can be obviously observed that
the phase retardation varies periodically with the increase of the depth in the tissue. This method is
characterized by its simple system arrangement and lay the basis for miniaturizing in vivo high resolution
polarization parameter imaging.

Key words: Biomedical imaging; Polarization—sensitive optical coherence tomography; Single camera;
Dispersion compensation
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