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Abstract— In this paper, a technique is developed that can take
the depth corresponding to two times depth range of the existing
system by including an optical switch in spectral domain optical
coherence tomography (SD-OCT) system. The results were
obtained by conducting an animal experiment. In order to verify
the effectiveness of this technology, optical switch was employed
to acquire OCT images sequentially at various depths, to range
from the cornea to the retina of guinea pig. Optical switch has a
role to match the focus at multiple points of the sample arm for
acquiring data of the anterior and the posterior chambers of the
eye, and it hasthe capability of recording theimagesin real-time.

Index Terms— Optical switching mechanism based SD-OCT,
anterior chamber, posterior chamber

[. INTRODUCTION

Michelson interferometer based OCT was first dgvetbby
the M.L.T. (Massachusetts Institute of Technologyj)imoto

group

FD-OCT can be classified into spectral domain OCT
(SD-OCT) and swept source OCT (SS-OCT) which have
rapid image acquisition compared to TD-OCT [7, 8].
SD-OCT is extensively used for medical imaging tasain
provide non-invasive and high-resolution imageeesi-time
and also it is the most applied OCT for commercial
application. SD-OCT is mostly used in ophthalmoldgy
obtain images of the anterior and the posteriomtiaas of
the eye [9]. However, it is difficult to examine thothe
anterior and posterior chambers simultaneoushhaseam
cannot be focused on both the anterior segmenthenecktina
because the optical design of the anterior charimbaging
method differs from the posterior chamber imagirethad.
Therefore, it is an essential requirement to use aptical
design to fulfill this task. Some clinical and labtory
methods have implemented several methods to olttain

in 1991.0CT obtains the information of theornea and the retina images using SD-OCT systemeS

tomography signal from the sample arm. Light in th&esearch groups have measured the retinal neree léer

wavelength region of near-infrared (800 nm ~ 15%&) s
incident on the Michelson interferometer, the lightlivided
into the reference arm and sample arm. The ligimtcgobeam
propagates to the sample arm and backscatterg loefith of
the interferometer. The interference signal is geteel due to
the optical path length difference of the reflegtieams from
the reference and sample arms respectively. Therefbe
depth of the sample can be obtained by Fouriestoaming
the interfered signal [1-3].

An image with high resolution of 1~18n can be obtained
by this imaging method which is considered to bearaose
to the histology of the imaging object. In gene@CT system
is mainly used for several commercial applicatisnsh as
ophthalmology [4], dentistry [5] and industrial dipptions
[6]. OCT can be classified into a time domain (Tand
frequency domain (FD) OCT according to the struetfrthe

and thickness using wide field SD-OCT [10]. Somsesgch
groups have used dual illumination and interlacetbction
for simultaneous imaging of the cornea and reting, the
main drawback of this method is the bulkiness dubé large
hardware unit which increases the complexity ad aslthe
cost of the system [11]. Especially the system bwsomore
complicated when additional optical devices such as
dispersion compensators are added to the systeme So
groups have presented high-speed OCT imaging fer th
retinal chamber with an ultrahigh-resolution [1Z}n the
other hand, it is necessary to measure the diststeeen the
cornea and retina as it is a vital information for
ophthalmology which has not been mentioned initeegture

so far. The conventional SD-OCT methods do not hbee
ability to acquire images in a wide range and ttaimbthe
above mentioned requirement. The imaging depthombs2

mirror for measuring the time it takes for lighttie reflected.
TD-OCT is a slow mechanical process compared tdO-
method.
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paper, we have implemented the reference arm byting an
optical switch on it. Therefore, it can visualibe tornea and
retina by only changing path length difference tigio the
simultaneous image acquisition. The visualizablatlieange
of this system was increased two times compareth¢o
conventional methods, and the light can be deld/éem the
anterior segment towards the retinal layers. A ktman
experiment was conducted usingiaivivo mouse to measure
the distances from cornea to retina, which coulalbined
successfully by applying the developed method.

Il. EXPERIMENTAL MATERIALS AND METHODS

A. SD-OCT System

The simple structure of the SD-OCT system is shiovifig. 1.
First, the wavelength of 850 nm (EXS8510-2411, EXS,
USA) light source with a bandwidth of 55 nm wasdias the
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broadband light source and 5:5-fiber coupler isdusesplit - i =
the broadband light into reference and sample aiffrhs.
spectrometer contains a diffraction grating, cadlior, the st 5 (oo | gy [z )
line scan camera, and the focusing lens. The tiaa samera L Je @ (it
with 2048 pixels, 140 kHz maximum line rate is (Ba's spitintn * Process CPU (ms) GPU (ms)
Sprint series) was used as a detector. The signahvwvas

q Raw data transfer (CPU->GPU) - 0.7
obtained by the detector is transmitted into thenai \ E]
processing unit of the computer. The Galvano saarofehe - domaln lnearization | & [ W
sample arm are driven by an analog input/outpud cai ?' FFT 6 04
(PCI-6353; National Instruments, USA). Moreovefframe Log scaling 40 0.
grabber (PCle-1433; National Instruments, USA)dedito o ¥ E— 0
capture the interference fringe. The axial and ltteral | mogeDisply m
resolution values of the above mentioned SD-OCTegysire s Jual |16
6.2um and 14.2um respectively. Also, the SNR of the system ) i i i
is 101.11 dB. Figure 2 Configuration Diagram of OCT Program

) o ) Table 1 Processing Time Comparison between CPU and
B. Reference Arm Optical Switching Mechanism based GPU
SD-OCT and Basic OCT Sample Arm
. M.  RESULT

Commmo:}alvometer Lens MirrorQu) ) - - -
—f---{--. Figure 3 shows the real-time OCT images which were
"""" i acquired using developed optical switching mechmariased

» ﬁ Mirror(32) SD-OCT system. The anterior and the posterior cleasnii a

Polarization
Controller

Broadband source

Leas , Guinea pig eye can be visualized in figure 3(A)ttBilnages
enos » consist of 2048 (axial) x 500 lateral pixels. Iguie 3(A) the
- Collmator  Gabvaeter path D1 of the beam shows the image from the upperea

‘\<‘::::::ﬁ\_\ to the lens. Moreover, finally it was possible tmaire the

QA’L image of the Guinea pig retina through the routthefbeam

D2 using the same optical setup. The system isi@ligo
¥ focus the image with shorter optical reference path

Intensity(a.u)

::::::

— D1: Cornea
D2: Retina

Figure 1 System Configuration of Optical Switching
Mechanism based SD-OCT

C. GPU based SD-OCT Software Algorithm

In this system, the signal processing as well &s dhta
acquisition was done by software optimizations. réfae,
according to the below figure, the required timetfee data
acquisition and display were optimized as well.urég?2 is a
configuration diagram of a program that is usedifoage
processing and system control, which is based dviea
programming. The software contains the initialiaatpart of
the system such as, image storing process, hardw;
initialization, data acquisition, data processimy dmage
processing. By using this method, the data prosgssiOCT Lens. Abbreviations: NFL, Nerve Fiber Layer; GCL,
is parallelized, and the signal processing tasttistributed Ganglion Cell Layer; INL, Inner Nuclear Layer; ONL,
among each CPU processing core. The thread whislused Outer Nuclear Layer; ELM, External Limiting
for storing gives a separate distribution. Therefene images Membrane; IS/OS, Junction between the Inner and Our
can be saved without decreasing the image acquisipeed.  Segments of the Photoreceptors; RPE, Retinal Pigmen
Therefore, the signal processing time is minimiZéable.1  Epithelium; CH, Choroid. (B) Quantitative Analysis of
shows the minimization of the time by using GPU hoett Anterior. (C) Quantitative Analysis of Posterior. (D) 3D
Image of the Guinea Pig Eye

After that the path length difference at two refees will
form respective images. It can be confirmed, thepending
on the depth of polarization (when moving from @102)
intensity of the signal is reduced when the sarapieis static.
The optical path difference was set to 12 mm torit3. An
amplitude scanning process was done to analyzedimeea
and retina quantitatively. The quantitative anaysisults of

Figure 3 A) Conventional SD-OCT Image of Cornea and
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the cornea and the retina are shown in figure aR) figure
3(C) respectively. This quantitative analysis repréas the
amplitude variation between the layers, and it lsarshown
graphically that the intensity fluctuates alonghitie depth of
the image. Also, figure 3(D) shows the 3D rendenesye of
the guinea pig eye using a 3D image constructiagen

IV. CONCLUSION

In this paper, an optical switching mechanism inGOT
system is proposed that provide anterior and poster
chambers of the eye using simplified sample arnmdJthis
method, the anterior chamber as well as the postelnamber
of the eye can be imaged using a simple OCT saanpte
instead of using a complex and bulky sample arre.®ptical
switching mechanism based SD-OCT system is fufilbgy
using two-reference arms to match the path lengthaernea
and retina layers separately. Therefore, the syst@wvides

images with a long depth which is expanded two $imei12]

compared to the conventional method. The imaginmhdef
the spectrometer is 2.5 mm. Software modificati@ane
required to image both the anterior and the pasteri
chambers simultaneously. Clinical trials also &guired to
convince the system reliability and to improve 8ystem
configurations.
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