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Autocorrelation noise free Optical
Coherence Tomography using the novel
concept of resonant OCT (ROCT)
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Abstract

Background: Optical Coherence Tomography OCT is a noninvasive imaging technique that takes pictures of cross
sections of human body tissues with a great resolution compared to other techniques. Fourier Domain OCT method
provides significant improvement of imaging speed and detection sensitivity but suffers from autocorrelation noise
arising as interference signals from reflections of sample layers that tends to obscure some of sample structure details.

Methods: We present in this paper a new implementation of Common Path Optical Coherence Tomography, based
on a resonant structure. The structure employs a semiconductor optical amplifier SOA and uses two mirrors, one
coated fiber end and the other is the sample under test. Amplified multiple reflections between the laser cavity high
reflection mirror and the sample layers along with SOA gain behavior results in the reduction of autocorrelation noise.

Results: Autocorrelation noise is greatly reduced by a factor of 5 dB compared to an ordinary FDOCT system.

Conclusion: This new structure, with the absence of autocorrelation noise that covers some of the details of the
sample under test in OCT setups, is capable practically of attaining images with higher resolution.

Background

Optical Coherence Tomography has become a powerful
imaging technique which started in ophthalmological
domain in the 1990’s. Since then it is widely applied in
many other medical areas where it is used in diagnosis
of diseases, and in technical fields. Nowadays there are
many diseases as cancer which require a resolution in
the micron and sub-micron range, so improvements in
resolution are required to detect such diseases.

There are two variants of OCT techniques depending
on the detection system: Time-domain (TDOCT) and
Frequency-domain (FDOCT). TDOCT was proposed by
Huang et al. in 1991 [1] and is based on a scanning optical
delay line (mechanical displacement of a reference arm).
FDOCT provides significant improvement of imaging
speed and detection sensitivity as compared to TDOCT
[2, 3]. FDOCT is based on analyzing a signal caused by
interference of light beams and can be performed in two
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ways: The first technique is called Spectral OCT (SOCT)
where a light source with broad spectral bandwidth
(~100 nm) is used in combination with a spectrometer
and a line or array of photo-sensitive detectors [4, 5].

SOCT instruments achieve a speed up to 50 k Ascans/
s and an axial resolution as high as 2 pm in tissue [6, 7].

The second technique is called Swept source OCT
(SSOCT) where a tunable laser is used in conjunction
with a photodetector [8, 9]. This second method usually
operates at speeds comparable to SOCT employing a
rapidly tunable laser [10, 11].

The axial resolution of most SS-OCT systems is on the
order of 10 um in tissue and doesn’t match high reso-
lution SOCT systems. Due to the high imaging speed,
FDOCT systems enable the acquisition of three dimen-
sional image data in-vivo which is especially beneficial for
numerous ophthalmic imaging applications [12].

Despite its superiority over TD-OCT, FD-OCT imple-
mentation exhibit drawbacks in terms of autocorrelation
noise artifacts, which obscure details of the image and de-
grade the system sensitivity. The autocorrelation terms arise
from the interference occurring between different sample
reflectors within the target. Jun Ai, etal proposed the

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.


http://crossmark.crossref.org/dialog/?doi=10.1186/s41476-016-0012-x&domain=pdf
mailto:myshalaby@imamu.edu.sa
http://creativecommons.org/licenses/by/4.0/

Shalaby and Al-Sowayan Journal of the European Optical Society-Rapid Publications (2016) 12:10

Page 2 of 6

Broadband

Mirror

*

Beam
Splitter

Sample

Light Source

Spectrometer

Fig. 1 FD-OCT system based on a Michelson interferometer

elimination of autocorrelation noise through asynchronous
acquisition of two interferograms using an optical switch
and attaining an axial resolution of 15 um in air [13].

FD-OCT bases itself upon low coherence interferom-
etry. Optical Coherence interferometry combines two or
more light waves in an optical instrument in such a way
that interference occurs between them.

As shown in Fig. 1; Michelson interferometer, the sin-
gle incoming beam of coherent light will be split into
two identical beams by a beam splitter. Each of these
beams will travel a different path, and then the reflected

beams from the two paths are recombined at the beam
splitter before arriving at a detector (a spectrometer).
The difference in the distance traveled by each beam,
path difference, creates a phase difference between them.
This phase difference is what creates the interference
pattern between the initially identical waves.

The OCT main concept is the same as the simple
Michelson interferometer but by replacing one of its
mirrors by the sample under investigation. Axial (depth)
resolution is inversely proportional to light bandwidth
and is given by;
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Fig. 2 Experimental setup used to examine the proposed Resonant Optical Coherence Tomography ROCT technique
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Where Mo is the central wavelength of the light and AX
is its spectral full width at half maximum (FWHM).
Thus, if we increase BW of light used (using a source of
shorter coherence length), we can increase axial reso-
lution. The advantage of increased resolution is lost by
the autocorrelation noise that covers required signals of
the sample structure.

In this paper we present a novel implementation of a
common path OCT setup that is free from autocorrel-
ation noise signals that may overlap the desired image of
the object layers. This is achieved through establishing a
laser cavity composed of a semiconductor optical ampli-
fier SOA, a 90:10 fiber coupler, and two mirrors at the
two ends. One mirror has a reflection coefficient of
99.9 % and is attained by coating the fiber end with a
multilayered structure. The other mirror is simply a
cleaved fiber end facing the sample under test at a very
small distance. The output from this low finesse and low
quality factor laser cavity represents the measured inter-
ferogram. The Fast Fourier Transform of the obtained
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interferogram gives the detailed structure of the sample
layers. The obtained axial resolution, due to the absence
of undesired signals, shows an enhancement over the
OCT technique employing a wide band source. The re-
duction in autocorrelation noise is attributed to ampli-
fied multiple reflections between the laser cavity high
reflection mirror and the sample layers.

Methods

Experimental setup of a resonant OCT

Figure 2 shows the structure of ROCT system. The optical
cavity consists of the semiconductor optical amplifier
SOA operating around 1300 nm acting as a gain medium
and connected by single mode fiber patch chords to a
90:10 fiber coupler and the cavity is ended from one side
by a coated fiber and the other side by a cleaved fiber end
adjusted very near to the sample under test. The 10 % out-
put from the directional coupler is connected to an Agi-
lent optical spectrum analyzer which is interfaced to a
computer through a GPIB cable (General Purpose Inter-
face Bus) where an algorithm performs data manipulation,
and FFT (Fast Fourier Transform) to obtain the final re-
sults. To test the proposed idea we have chosen a well-
known sample structure in advance. The sample under
test is a glass microscope slide held close to fiber tip. The
glass sheet or slide was about 1.1 mm in thickness.

Modeling of the system

The main laser cavity of the actual setup, of length 1;, con-
sists of a coated fiber end with reflectivity r;, a semicon-
ductor optical amplifier SOA, and a cleaved fiber end with
reflectivity r,. The extended cavity includes the sample
under test. Figures 3 and 4 shows the simulation model we
used to study the operation of the proposed OCT system.
Lasing is not established except between the coated end
and the assembly to the right of the SOA (lasing between
r3 and r, for example is not expected). The equivalent
complex reflectivity r.q; of the sample layers is given as;
ra—rae 20y 27l
(1—"37”7462“9) with 6 = 1

Teqi =

Where r3 and r, are the reflectivities of the sample
surfaces, n is the refractive index of the sample medium,
and I3 is the sample thickness. The overall complex re-
flectivity of the laser cavity right mirror and the sample
is given as;

Peg = .
T 1-r, Feqe %% A

Where 1, is the distance between the cavity right mir-
ror and the first surface of the sample.

The SOA gain per unit length is modeled using the
following equations;
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where A\ is the gain bandwidth of the used SOA, L, is
the SOA length and Ac is the central wavelength. Gain
saturation of the used SOA limits the laser output power
to a safe level according to the tissues studied. req

represents the signal reflected from the sample under
test including the reference signal. r.q is the measured
signal in the case of ordinary OCT systems. The active
optical cavity containing the semiconductor optical amp-
lifier “SOA” is assumed of length “l;”. The output of this
cavity is given as;

r1—Teqe/2ells

ith g—2""
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Fig. 6 The interferogram obtained using common path FD-OCT technique
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Fig. 7 The interferogram obtained using the proposed resonant OCT technique
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Signals reflected of sample layers undergo multiple
round trips inside the laser cavity. Repeated amplifica-
tion of these signals play a major role in reducing auto-
correlation noise as we will show.

Results and Discussions

Simulation results

The simulation is carried out for a sample of thickness
2 mm held at 0.2 mm from the cavity right mirror. The
reflectivities of the two surfaces r3=0.05 r;=0.01.
Figure 5 shows the FFT of the laser output spectrum. The
sample layers displayed as a result of this study are re-
ferred to the main cavity right mirror position, therefore
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Fig. 8 Layers positions of the glass sheet as measured using the ROCT
method showing the autocorrelation noise signal highly reduced

the main cavity length I; will not affect the results and is
not shown in Fig. 5. We notice in Fig. 5 three peaks, the
second peak represents the sample first layer positioned at
0.2 mm and the third peak represents the sample second
surface positioned at 2.2 mm. The autocorrelation noise
signal appears much attenuated at 2 mm.

Experimental results of ROCT vs. OCT

In what follows we show the results of our proposed ex-
perimental setup compared to the same results obtained
using a conventional common path FD-OCT. The
studied sample is a glass microscope slide of thickness
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1.1 mm approximately. Figure 6 shows the interferogram
obtained by a conventional Common Path FD-OCT sys-
tem. The light source used is a super luminescent diode
with a wavelength spectrum bandwidth of 60 nm cen-
tered at 1550 nm. The Agilent Optical Spectrum Analyzer
used has a spectral resolution of 0.07 nm. Figure 7 shows
the interferogram obtained for the same sample and the
same spectrum bandwidth obtained using our proposed
setup of Fig. 2. We cannot depict any improvements only
by comparing the two interferograms therefore we apply
Fast Fourier Transform for both interferograms to attain
the detailed layers structure of the studied sample.

The Fourier transform of the laser output is given in
Fig. 8. Coherence noise term is expected to appear at
the position of 1.1 mm (the glass sheet thickness). The
signal level at this position is very weak. This emphasizes
our expectation of getting a much reduced coherence
noise. The same sample is tested with an ordinary OCT
setup and Fig. 9 shows the relatively higher level of
coherence noise. We notice that, gain saturation in-
creased the level of the weak signal produced by the
sample second surface relative to that of the first surface
by about 3 dB when compared to ordinary OCT and
hence acting against the effect of diffraction. Moreover,
amplification of sample reflectivities inside the laser cav-
ity enhances system sensitivity. The overall reduction in
autocorrelation noise signal level is nearly 5 dB.

Conclusion

We analyzed and implemented experimentally a resonant
common path OCT setup. The new proposed scheme
shows an enhancement over the ordinary OCT system
where the level of autocorrelation noise signal is greatly
reduced. These signals obscure some of the details of
the sample under test in ordinary OCT setups. There-
fore, this promising result is expected to increase the
system axial resolution.
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