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ABSTRACT

Optical coherence tomography (OCT) is an evolving medical imaging technology that
offers in vivo cross-sectional, sub-surface images in real-time. OCT has become popular
in the medical as well as non-medical fields. The technique extensively uses for food
industry, dentistry, dermatology, and ophthalmology. The technique is non-invasive and
works on the Michelson interferometry principle, i.e., dependent on back reflections
of the signal and its interference. The objective is to develop an algorithm for signal
processing to construct an OCT image and then to enhance the quality of the image using
image processing techniques like filtering. The image construction was primarily based
on the Fourier transform (FT) of the dataset obtained by data acquisition. This FT could

be performed rapidly with the extensively

used algorithm of fast Fourier transform

(FFT). The depth-wise information could be
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extracted from-each A-scan, i.e., axial scan
and also the B-scan was obtained from the
A-scan to see the structure of sample. The
maximum penetration depth achieved with
proposed system was 2.82mm for 1024 data
points. First and second layer of leaf were
getting at thickness of Imm and 1.6mm,
respectively. A-scans for Human fingertip
gave its first, second and third layer was ata
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thickness of 0.75mm, 0.9mm and 1.6mm, respectively. A-scans for foam sheet gave its first,
second and third layer was at a thickness of 0.6mm, 0.75mm, and 0.85mm, respectively.

Keywords: A-scan, b-scan, depth profile, filtering, image processing, optical coherence tomography (OCT),
signal processing

INTRODUCTION

With The rapid expansion in the field of medical imaging technologies, a huge amount
of biomedical image data can be collected by several biomedical techniques like X-ray,
Magnetic Resonance Imaging (MRI), 3D ultrasound, and Optical Coherence Tomography
(OCT) (Lee etal., 2019; Drexler & Fujimoto, 2008). Three-dimensional medical modalities
can examine numerous features of biological features, such as blood flow, structural
information of organs, and molecular content, which gives a crisp of the scanned object
(Zhang et al., 2018). The OCT system is also used to analyze the final B-scan image and
get to a medical conclusion. The main analysis is on the retinal layers (Schonfeldt-Lecuona
et al., 2020, Chua et al., 2020) and neural layer (Liu et al., 2020) to get the structural
information.

The principle used for OCT system is Michelson Interferometry (Panta et al., 2019). A
light source of low coherence is used in Michelson Interferometer, as displayed in Figure
1. As shown in Figure 1, the source of light beam having broadband spectrum is divided in
two portions i.e., sample and reference arm by the beam splitter (Tomlins & Wang, 2005).
Sample and reference arm reflect the signal which forms the pattern of interference and this
pattern is detected by the spectrometer in which photocurrent of the pattern is measured
by using the line scanning camera (Lee et al., 2020).

Reference
Mirror

Source = - - Sample

Beam Splitter

Photo
Detector

Figure 1. Principle of Michelson interferometer
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The light falls on line scanning camera where the photocurrent of light is detected with
the array of pixels to give the intensity corresponding to each wavelength in the bandwidth.
This data is then taken for the signal processing for the image formation (Tang et al., 2018).
Figure 1 describes the working principle of Michelson Interferometer, where half-silvered
beam splitter is used (Kim et al., 2018; Lee et al., 2011).

Bhatia et al. (2016) described the core of the OCT systems and implemented the
spectral-domain OCT(SD-OCT). The detected signal from the OCT gives three terms
of getting in the data, which were constant term, autocorrelation and cross-correlation
(Bhatia et al., 2016). The different applications of OCT in clinical and non-clinical fields
are discovered. The spectrometer gives information about one-dimensional data by taking
the interference signal as an input (Fujimoto & Swanson, 2016; Patil et al., 2020). The
system uses the signal processing algorithm, which has the blocks of background removal,
resampling, FFT and DC removal (Choudhari et al., 2017). The system uses the wavelength
of 840nm with 40nm bandwidth and getting the depth profile which gives imaging depth of
0.5mm. Zhang et al. (2018) implemented the swept-source OCT (SS-OCT) for imaging the
choriocapillaris and associated flow voids. The system works on the wavelength of 1060nm
and bandwidth of 100nm. The final images of choriocapillaris give information regarding
the diseases and the response of the body to therapies. Petrov et al. (2016) applied the short
time Fourier transforms in the signal processing, using the window and this window slid
along the time series. This algorithm takes more time to execute as it is having more point
FFT, also we see the maximum penetration depth is not much and if we want to image the
tissue to certain depth we need more penetration depth (Petrov et al., 2016).

From the literature survey, we have found that the imaging depth in the existing systems
is typically in the range of 1-2 mm, hence there is a scope of improvement in the imaging
depth. Therefore, in this paper, we proposed the system which worked on the wavelength
of 840nm and bandwidth of 64nm and developed the algorithm to increase the maximum
penetration depth. Also, in OCT, the speckle noise gets added to the final B-scan images.
This noise is reduced by applying some image processing techniques so as to improve the
quality of the image for the better interpretation.

MATERIALS AND METHODS
Signal Processing in OCT

The data acquisition process was executed by implementing Spectral-domain OCT (SD-
OCT). In order to obtain the final OCT images the fundamental blocks were used as shown
in Figure 2.

In every system some background noise gets added in the system due to reflections of
room light and electronic devices (Rawat & Gaikwad, 2014). This background noise is an
important factor in image formation as it disturbs the image, hence it needs to be removed.
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interferometer the non-linear phase, which

is dependent on frequency is introduced

and by cancelling this phase, the dispersion =~ Figure 2. Signal processing algorithm
can be compensated.
The phase correction is can be calculated as in Equation 1 (Ali & parlapalli, 2010)

p(w) = —=[(b *n?) + (c *n3)] (1)

Where b and c are linear constants; n is a vector of linear elements from -1 to 1.

This phase which is equal and opposite to the physical wavelength-dependent path
length shift is multiplied to each element of the spectrum in order to compensate the
dispersion (Marks et al., 2002). The FFT is taken in the last to get the depth resolved
profile (McKeown, 2010).

Formation of B-scan Image

The mechanism involves scanning the sample along the optical axis. One dimensional
scanning is performed in the Z-direction, and it is known as the axial scanning or A-scan.
One dimensional scanning can only give information about the single point of the sample.
The two-dimensional scanning can be obtained by combining the multiple axial scans. The
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two-dimensional scan is also known as B-scan. A scan includes point scanning, whereas
B scanning involves scanning the entire surface. The flowchart for getting B-scan is as
shown in Figure 3. It follows the flow from acquisition of the data from the experimental
setup of the OCT. The single point data is taken to signal processing algorithm to form a
depth profile of that particular point. As the data can be processed and 512 axial scans are
formed. Now for the formations of the B-scan image all these 512 A-scans are stacked
sequentially to get the final OCT image

Stlart

Acquired Data for N Axial scans

!

Signal Processing of Point Data to form Nth Depth Profile

i

Store the Matrix after FFT

If Yes
N<512

No

Take the Inverse of the Final Matrix

|

Form an Image from All data of Axial Scans

Figure 3. Flow chart for B-scan formation

Image Processing in OCT

Low-coherence interferometry is used in the OCT imaging, which introduces some speckle
noise in the images, and this speckle-noise is the granular noise, seen as black and white
spots on the images (Frosz et al., 2001). This speckle noise is a ubiquitous artifact that limits
the interpretation as it profoundly affects the quality, contrast of the image and makes the
difficulties in analyzing the exceptional features and structures. The back reflections of the
incident light generates a signal which carries speckle, while due to scattering of photons
in forwarding and backward direction generates the signal-degrading speckle (Petrov et al.,
2016). The speckle is visible as grainy structures which blurs the details of the structural
image (Murakami & Ogawa, 2018). As this speckle-noise needs to be removed but removing
speckle noise removes some useful information also hence the special care should be taken.
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Therefore, it is crucial to take out the speckle noise with care and for better interpretation,
image enhancement and filtering techniques are used. Here the median filtering gives the
best results from other filtering techniques.

Median Filtering

The median filter is an order statistics filter. This filtering technique is used to eliminate the
noise by preserving the sharp edges in the images. This technique comes under non-linear
filtering techniques. The impulse noise is also eliminated by the average filtering, in which
centre pixel is replaced with average of neighbouring pixels, but in this filtering technique,
the fine details of the image are not preserved and hence the loss of information occurs.
While in the case of median filtering, the centre pixel is replaced by the median of the
neighbouring pixel. Median filters are one-dimensional as well as two- dimensional. The
results of two-dimensional median filters are better than that of one-dimensional median
filter. The results are shown in the results section.

RESULTS AND DISCUSSION

We had acquired the data from the SD-OCT system setup for three different samples of
a leaf, human fingertip, and foam sheet. The dataset was in terms of the intensities and
the respective wavelengths. The data set was then applied to the several steps of signal
processing algorithm like background subtraction, resampling interpolation, dispersion
compensation and FFT. The Signal Processing Algorithm gives the Depth profile of the
sample, i.e., Axial scan (A-scan). This A-scan was obtained after processing algorithm on
the dataset. The dataset in our case was 512x1024, i.e., a total of 512 A-scans each having
1024 pixels. The depth profiles for samples like a leaf, human fingertip and foam sheet
are given in the following part.

Each A-scan gives the layer-wise depth information about the thickness. The proposed
system provides maximum penetration depth at 2.82mm for each sample only differing in
the position of the peaks which is shown in Figures 4, 5 and 6. As each sample had 512
A-scan in our case and four of them are shown for each sample. The first A-scan from Figure
4 gave information that the first and second layer were getting at thickness of 1mm and
1.6mm, respectively. Likewise, the depth information could be extracted from every A-scan.

A-scans for Human fingertip is shown in Figure 5. The information taken out from the
first A-scan is the first, second and third layer is getting at a thickness of 0.75mm, 0.9mm
and 1.6mm, respectively.

Another sample was the foam sheet. Foam sheet having multiple layers can be seen by
the A-scans shown in Figure 6. Also, for foam sheet, the layers are different at each point.
The layers are coming at 0.6mm, 0.75mm and 0.85mm thickness.
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Figure 6. A-scans of foam sheet

Table 1

Comparison with existing systems

Year Maximum Depth Number of pixels per A-scan
Bhatia et al., 2016 0.5 nm 128
Leeetal., 2019 2.6 mm 1024
Zhang et al., 2018 3 mm 2048
Patil et al., 2020 2.75mm 1024
Proposed 2.82mm 1024

From Table 1, it is clear that the proposed system gave the maximum penetration depth
as compared to the existing system for the same number of data points. As for imaging
the tissues or some sample, the maximum penetration depth should be as high as possible
with the minimum number of pixels, as with pixel numbers, the complexity increases.
Now to form the B-scan image we had arranged all these 512 depth profiles, i.e., A-scans
in a sequential manner followed by Figure 3 and the B-scan images as shown in Figure 7.

This 2-dimensional, i.e., B-scan image gives the structural information about the
sample. The above B-scan is of a leaf, and the deep middle part indicates the axis of the
leaf. Likewise, more information can be extracted after the feature extraction technique.
In similar ways, B-scan for human fingertip, foam sheet and stack tape were obtained and
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Figure 7. B-scan of leaf (512x512) Figure 8. B-scan image of human fingertip
(512x512)

Figure 9. B-Scan of foam sheet (512x512) Figure 10. B-Scan of stack of tape (512x512)

shown in Figures 8, 9 and 10, respectively. Also, in every B-scan there are some horizontal
lines, these horizontal lines are due to the system and those can be ignored.

The above B-scan in Figure 8 is of the human fingertip and having the pixel size
512x512. The image shows the skin layers of the fingertip. The above B-scan is of the
foam sheet, and it has multiple layers at each point. B-scan image of the stack tape is
shown in Figure 10.

These B-scan images can be enhanced by using some image processing technique
like filtering. The impact of different filters on the B-scan image is studied by applying
different filtering techniques on the sample image. The image quality is improved more
with two-dimensional median filtering amongst the other techniques like average and 1-D
filtering. The speckle noise is reduced to some amount after using the filtering technique.
The results after filtering are shown in Figures 11 to 14.
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Original Image 2-D Median Filtering

Figure 11. Filtering result for leaf (512x512)

Original Image 2-D Median Filtering

Figure 12. Filtering result for human fingertip (512x512)

Original Image 2-D Median Filtering

Figure 13. Filtering result for foam sheet (512x512)

Original Image 2-D Median Filtering

Figure 14. Filtering result for stack of tape (512x512)
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The median filtering is applied in two ways, i.e., 1-dimensional and 2-dimensional.
The results are better with 2-dimensional median filtering as the method gives the best
quality images amongst other filtering technique.

CONCLUSIONS AND FUTURE SCOPE

The dataset is obtained by SD-OCT system setup for three different samples like human
fingertip, leaf, and foam sheet. The signal processing algorithm is executed on the MATLAB
to get the depth profile at each point. Thus, for every sample, 512 axial scans are collected,
and each of A-scan is consisted of 1024 pixels, by combining these entire axial scans,
B-scan image is formed. The maximum penetration depth calculated from the axial scan
is 2.82mm for 1024 data points. The image processing technique of filtering applied on the
sample image to see the impact of different filters on the B-scan image. The image quality
is improved more with two-dimensional median filtering amongst all other techniques.

In future work, the detailed structural information can be obtained by feature extraction
techniques and by applying some artificial intelligence (Kapoor et al., 2019) and machine
learning algorithm, the automated analysis can be obtained.
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