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Abstract: Polarization sensitive optical coherence tomography (PSOCT) makes use of the birefrin-
gence information of the sample to compensate for the lack of internal tissue-specific contrast in
conventional optical coherence tomography (OCT). Circularly polarized light is always used as an
incident beam in PSOCT, but it is difficult to have perfect in practice. The manual calibration method
of circularly polarized light suffers from the problems of complicated calibration operation and lack of
stability. This study proposes a simple method to enhance the imaging of PSOCT without altering the
system. A numerical calibration of circularly polarized light can be implemented using the original
system setup, ensuring that the system’s complexity remains unchanged. Enhancements in imaging
quality can be achieved through an algorithmic analysis of the captured interference fringe data.
This calibration is applied in the field map of interference data before being quadrature-assembled.
Notably, the proposed approach achieves high sensitivity in PSOCT. The birefringence image shows a
more obvious layered structure. Improvements in the signal-to-noise ratio (SNR) were demonstrated
for chicken breast, pork, and beef imaging at about 20 dB.

Keywords: optical coherence tomography; polarization sensitive optical coherence tomography;
circularly polarized light

1. Introduction

Due to the advantages of non-invasive, high-resolution, and real-time imaging, op-
tical coherence tomography has demonstrated its application in biomedical and clinical
medicine. Since its introduction in 1991, OCT technology has been developed for over
30 years [1]. Various functional OCT technologies have been developed to cater to a wide
range of practical applications [2]. For example, endoscopic OCT, which is OCT together
with a well-designed catheter, has already shown the advantages of in vivo imaging for
the human body cavity [3,4]; Doppler OCT, which combines OCT and the optical Doppler
effect, provides information on both the internal structure of blood in vessels and the
direction of blood flow velocity [5,6]; OCT Angiography (OCTA) is another method, used
to visualize vascular distribution in cardiology [7] by analyzing consecutive images to find
the changes caused by the movement of blood components [8]; Optical Coherence Elastog-
raphy (OCE), which shows the availability of measuring tissue’s elastic properties, through
the visualization of the propagation of shear waves and calculation of Young’s modulus [9];
and polarization sensitive optical coherence tomography (PSOCT), which was designed
for biological tissues with birefringence, such as teeth, fiber textures and nerves. For skin
burn assessment in surgery, birefringent properties enable differentiation between distinct
tissues and the determination of the degree of injury, providing valuable information for
medical diagnosis [10–12]. In ophthalmology, PSOCT can be used to diagnose ophthalmic
diseases due to the birefringent properties of the cornea [13,14].
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From the point of view of practical application, polarization sensitive imaging relies
on the birefringence effect in specific tissues. When incident with circularly polarized
light, the propagation of light through these tissues will be divided into two parts. One
part propagates along the long axis, and the other part travels along the short axis. Po-
larization sensitive imaging is achieved by measuring the optical path difference, or the
so-called phase difference, between two propagation paths. Compared with reflectivity
or refractive index imaging, polarization sensitive imaging provides richer details and
structural information.

In 1992, Hee et al. introduced the first PSOCT system, which measured the phase
delay map of chicken myocardial tissue [15]. This map revealed the color changes caused
by birefringence, offering a clearer depiction of the fibrous structure of muscle tissue
than intensity maps. During this period, PSOCT systems were typically built in free
space, determining the propagation of polarization states through Jones matrices. Since
then, PSOCT systems have undergone numerous updates and iterations, with continuous
attempts to integrate them with medical imaging technologies for clinical diagnostics.
PSOCT systems gradually transitioned toward fiber optics due to clinical constraints. To
ensure the stable transmission of polarization states, bias-preserving optical fibers have
been commonly used [16,17]. Hardware- and software-based methods have been proposed
to correct the phase shift situation in optical fibers, which is caused by the bias-preserving
fibers [18,19]. PSOCT can be divided into two types based on the imaging principle: PSOCT
with a single circularly input state and PSOCT based on multiple input states. Single-
input-state PSOCT systems use only one input state and one detected intensity signal [20].
The incident light is circularly polarized to obtain richer polarization information and
compensate for the limitations associated with a single incident state. On the other hand,
multiple-input-state PSOCT uses cross-polarization imaging and variable reference imaging
to alter the reference polarization [21,22]. PSOCT systems with multiple input states take
into account the circular birefringence and attenuation of the sample but require two or
more polarization states of incident light [23,24]. The polarization states’ alignment with the
optical axis of the tissue also affects the PSOCT system’s polarization sensitivity [25]. The
system structure is complex and difficult to implement, and the imaging algorithm is also
intricate. These problems negatively impact the imaging speed of the system and hinder
its integration. Therefore, most of the current mainstream PSOCT systems use a single-
input-state PSOCT system based on circularly polarized light [26]. Errors in circularly
polarized light are inevitable due to conditions such as optical components. To address this
issue, a method that involves positioning a polarization controller in the source, sample,
reference, or detection arms, and calibrating a single fiber transformation to restore incident
light to circular polarization was proposed [27]. However, this approach is effective only
when the polarization controller is aligned and the fibers remain stationary, making it
unsuitable for flexible sample arms or endoscopy. These errors in the polarization state can
be misinterpreted as birefringent properties of the sample, resulting in imaging bias. Many
studies have proposed calibration methods, as manual adjustment is limited. Numerical
calibration can be applied to circularly polarized light to reduce errors, as proposed by Liu
et al. for the dithering error of PSOCT [28]. However, the polarization sensitive imaging
quality, or the system’s sensitivity, is low because the incident circularly polarized light is
not perfectly circular in practice.

Currently, the mainstream approach involves using circularly polarized light as the
incident light. Since its introduction by Hee et al. in 1992, PSOCT has commonly used
circularly polarized light in single-input state configurations [15]. The coherent interference
of polarized light is influenced by its polarization states. Samples may exhibit different
polarization characteristics in different directions. When linearly polarized light is orthog-
onal or parallel to the optical axis of the sample, some information may be lost. In using
circularly polarized light, the impact of the sample’s inherent polarization characteristics on
the measurement results can be overcome, ensuring that the measurement results are not
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affected by sample polarization. Circularly polarized light also enables the reflectometer to
be insensitive to the rotation of the sample axis.

A quarter-wave plate (QWP) can be used to convert linearly polarized light into
circularly polarized light. This requires the angle between the fast axis direction of the
wave plate and the polarization direction of the linearly polarized light to be 45◦. When
this angle deviates from 45◦, the linearly polarized light, after passing through the QWP,
will transform into elliptically polarized light, which approximates circularly polarized
light. Manual adjustment to a certain degree usually introduces errors. This means that the
light incident onto the sample is not perfect circularly polarized light, leading to a decrease
in system sensitivity and a degradation in imaging quality.

To address the aforementioned issues, we propose a robust numerical correction
method to further enhance imaging quality. Specifically, the interference fringes are inverted
into the complex plane through an inverse Fourier transform, and new equal and orthogonal
vectors are reconstructed in the complex plane as new data for imaging. We verified the
effectiveness of this method in vitro. For chicken breast, pork, and beef, the signal-to-
noise ratio of the system was improved by 24, 26, and 11 dB compared to the results
before correction.

2. Experimental Setup
2.1. System Setup of Fiber-Based Polarization Sensitive Optical Coherence Tomography

A scheme of the PSOCT system is shown in Figure 1. The laser (SL131160, Thorlabs,
Bergkirchen, Germany) employed was a MEMS-based swept source with a central wave-
length of 1310 nm, a spectral bandwidth of 90 nm, a repetition frequency of 100 kHz, and
an output power of 25 mW. The light from the laser is split into the reference arm and
sample arm by a 20:80 optical coupler (OC1). In the reference arm, the light from port2
of the circulator (C1) sequentially passes through a collimator (CL1), an achromatic lens,
and a mirror. The achromatic lens (AC254-050-C, Thorlabs, Germany) uses glasses of two
different refractive indices to cancel chromatic aberrations, which can achieve a tighter
focus and superior off-axis performance. The reflected reference light back from the mirror
finally delivers to a 50:50 optical coupler (OC2) with port3 of the C1. In the sample arm, the
light from port2 of the circulator (C2) sequentially passes through a polarization controller,
a collimator (CL2), a quarter-wave plate (QWP), a pair of galvo scanners (GVSM002-EC,
Thorlabs, Germany), and an achromatic lens before finally arriving to the sample. The
sample light backscattered from the tissue also follows its original path back and delivers to
a 50:50 optical coupler (OC2) with port3 of the C2. In the detection part, both the s-polarized
and y-polarized interference lights from the sample are obtained using two fiber-based
polarizing beam separators (PBSs) and two balanced detectors (PDB480C-AC, Thorlabs,
Germany). These two interference signals were collected using Channel A and Channel B
of a high-speed acquisition card (ATS9371—12 bit, Alazar, Pointe-Claire, QC, Canada).

The system utilizes a swept-source light with a central wavelength of 1310 nm and
a full optical bandwidth of 100 nm. The axial resolution of the system can be expressed

as △z = 2ln 2
π · λ2

0
△λ , where λ0 represents the central wavelength of the light source, and ∆λ

represents the spectral bandwidth of the light source. Therefore, the axial resolution of this
system can reach 7.55 µm. The lateral resolution is also influenced by the beam diameter at
the sample arm and the achromatic lens focal length, which can be expressed as △x = 4λ0· f

π·d .
There is an inverse relationship between lateral resolution and axial resolution. In this
system, the beam diameter is 2.04 mm, and after passing through a chromatic aberration
lens with a focal length of 50 mm, the lateral resolution of the system can be calculated as
40 µm. The maximum imaging depth of the system is approximately 8 mm.



Appl. Sci. 2024, 14, 2525 4 of 11Appl. Sci. 2024, 14, x FOR PEER REVIEW 4 of 11 
 

 

 
Figure 1. Scheme of polarization sensitive optical coherence tomography. SS: swept source; OC1: 
20:80 optical coupler; OC2: 50:50 optical coupler; C1, C2: circulator; PC: polarization controller; PBS1, 
PBS1: polarizing beam separators; QWP: quarter-wave plate; CL1, CL2: collimator. 
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larization state of backscattered light, resulting from interactions between light and tissues 
within the sample. A circularly polarized beam exhibits particular sensitivity to birefrin-
gent properties.  

The imaging process of the sample arm on the in vitro biological sample is shown in 
Figure 2. The two-dimensional galvo scanners consist of two mirrors in different direc-
tions, x and y. The driving voltage of the galvanometer is controlled by a motion control 
card (PCI6221, National Instruments, Austin, TX, USA), which can be rotated at any angle 
on the x- and y-axes to change the position of the focus to achieve a lateral and longitudi-
nal scanning of the sample. A set of A-lines is collected at each focus position, and a lateral 
scan can be completed by rotating only the x-axis. Finally, calculated using the Matlab 
2019 complete algorithm, reflectivity, and phase retardation, a picture of a sample PSOCT 
depth profile is obtained. All of these samples contained abundant tissue with birefringent 
properties, and the slice thickness was larger than the maximum imaging depth of the 
system, 8 mm. 
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Figure 2. (a) Galvo scanners in the sample arm; (b) the thin slices of in vitro biological samples. From 
left to right is the chicken breast, pork, and beef 
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Figure 1. Scheme of polarization sensitive optical coherence tomography. SS: swept source; OC1:
20:80 optical coupler; OC2: 50:50 optical coupler; C1, C2: circulator; PC: polarization controller; PBS1,
PBS1: polarizing beam separators; QWP: quarter-wave plate; CL1, CL2: collimator.

The key point of PSOCT is obtaining a circularly polarized light incident to the
sample. PSOCT achieves distinct contrast within samples by observing alterations in the
polarization state of backscattered light, resulting from interactions between light and
tissues within the sample. A circularly polarized beam exhibits particular sensitivity to
birefringent properties.

The imaging process of the sample arm on the in vitro biological sample is shown in
Figure 2. The two-dimensional galvo scanners consist of two mirrors in different directions,
x and y. The driving voltage of the galvanometer is controlled by a motion control card
(PCI6221, National Instruments, Austin, TX, USA), which can be rotated at any angle on
the x- and y-axes to change the position of the focus to achieve a lateral and longitudinal
scanning of the sample. A set of A-lines is collected at each focus position, and a lateral
scan can be completed by rotating only the x-axis. Finally, calculated using the Matlab
2019 complete algorithm, reflectivity, and phase retardation, a picture of a sample PSOCT
depth profile is obtained. All of these samples contained abundant tissue with birefringent
properties, and the slice thickness was larger than the maximum imaging depth of the
system, 8 mm.
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2.2. Principle of Numerical Correction Method for Perfect Circularly Polarized Light

The polarization state of a light beam can be represented using the Jones vector.
According to Jones matrix theory, any polarization state of light can be represented as the
superposition of components along two orthogonal directions:

E =

[
Ax
Ayeiδ

]
(1)

where δ represents the phase difference of Ex with Ey. The polarization state of linearly
polarized light is expressed as follows:

E =

[
cos θ
sin θ

]
(2)

A 2 × 2 complex matrix can be used to express the action of a quarter wave plate on a
beam as follows:

MQWP =

[
cos2 θ + i sin2 θ
sin θ cos θ(1 − i)

sin θ cos θ(1 − i)
sin2 θ + i cos2 θ

]
(3)

Consequently, the optical system can be systematically traversed using Jones matrices.
When the direction of the polarization of linearly polarized light makes an angle of 45◦

with the direction of the optical axis of the QWP, it can be given as

Eθ=45◦ =
1√
2

[
1
1

]
(4)

MQWPθ=0◦ =

[
1
0

0
−i

]
(5)

Obtaining the Jones vector of a beam passing through a wave plate involves multi-
plying the incident beam by the Jones matrix of the wave plate. After passing through an
optical element, the change in the polarization state of light is given by Eout = Ein · E0. In
the reference arm, a mirror reflects a beam passing through an achromatic lens without
changing its polarization state. In the sample arm, before reaching the sample, the beam
sequentially passes through a polarization controller, a collimator, a QWP, and chromatic
aberration lens. The incident light can be transformed into circularly polarized light by ad-
justing the polarization axis of the incident linearly polarized beam to be oriented using the
polarization controller. The incident light represented in the sample arm can be expressed
as follows:

E1 = MQWPθ=0◦ · Eθ=45◦ =
1√
2

[
1
−i

]
(6)

This represents a circularly polarized beam. The expression for the returned light from
the entire reference arm that carries the sample information is given as follows:

Es = MQWPθ=0◦ · Ms · Ms · MQWPθ=0◦ · Eθ=45◦ (7)

Here, Ms(δ, θ) is the polarization state change induced by the sample. This explains
how the system polarization properties influence the detected fringes. From the known
polarization state of the incident light at the sample, one can extract information about the
birefringence of the sample.

The imaging method based on the Hilbert transform was used to obtain the reflectivity
and birefringence images of the sample and apply the correction method mentioned
above [29]. The interference light is divided into orthogonal components (I1, I2) by a
polarizing beam separator. I1 represents the horizontal polarization state, and I2 represents
the vertical polarization state. The interference light is then collected by the detectors. The
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interference effect of two beams depends on the phase difference. Hence, the intensity of
the light detected by a detector can be represented as follows:

I = I1 + I2 + 2
√

I1 I2 cos δ (8)

The detected intensity recorded at the depth position z0, Ik(z), is expressed as follows:

Ik(z) = Ir,k + Is,k + 2
√

Ir,k · Is,k · |γ (z − z0)| · cos(δk) (9)

where Ir,k is the intensity of the reference arm, and Is,k represents the intensity of the sample
arm. The system configuration uses a polarization sensitive two-channel detection unit,
where k assumes values 1 and 2. The modulus of the complex degree of coherence between
the sample and reference arms, ranging from 0 to 1, is represented by |γ (z − z0)| .

Considering the use of the Hilbert transform to handle the above-mentioned interfer-
ence signal Ik(z), we have the following [30]:

Ik(z) + i · H{Ik (z)} = Ak(z) · exp[i · δk(z)] (10)

In the demodulation of birefringence information from the sample, it is assumed that
the incident light is perfectly circularly polarized. In practical measurements, any deviation
from perfect circular polarization is considered polarization information from the sample.
A QWP can be used to convert linearly polarized light to circularly polarized light. This
requires an angle of 45◦ between the fast and slow axis directions of the wave plate and
the polarization direction of the linearly polarized light. When this angle deviates by 45◦,
linearly polarized light passes through the QWP and becomes elliptically polarized light.
In order to verify that the deviation of circularly polarized light will affect the imaging
effect, the imaging was carried out by controlling circularly polarized light as the variable.
As shown in Figure 3, when the angle reading of the QWP in the PSOCT system built in this
study was 120◦, the incident light was closest to perfect circularly polarized light. Depth
profiles present depth information in an A-line with depth as the horizontal coordinate
and intensity as the vertical coordinate. One of them is used here as an illustration to
compare its SNR before and after calibration. A higher SNR generally means that the signal
is stronger relative to the noise, thus demonstrating the increased imaging sensitivity. The
samples were thinly sliced chicken breasts. According to the imaging and depth profile
information, the reflected light collected was mainly concentrated near the depth of 200,
and the depth of more than 500 is noise. Therefore, it is necessary to calibrate the circularly
polarized light to ensure accurate measurements.
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Figure 3. Depth profiles of a single reflector with different angles of the QWP. (a) The angle of the
QWP is 105◦; (b) The angle of the QWP is 120◦; (c) The angle of the QWP is 135◦.

To address this issue, a simple numerical method for correcting the magnitudes of
s-polarized and p-polarized light from two detectors is proposed. As shown in Figure 4a, to
obtain circularly polarized light, a numerical correction was applied to the field map. The
inverse Fourier transform of the fringes generated the complex field and expressed vectors
IA and IB in the complex plane. IA and IB are orthogonal to each other and have the same
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order of magnitude when the incident light is circularly polarized. In order to satisfy all
requirements, IA and IB must be reconstructed before quadrature assembling. First, IA and
IB are normalized by dividing each by its own absolute value, leading to vectors IA and IB,
both with a magnitude of 1. The new vectors I′A and I′B are obtained using the following:

I′A = IA + IB (11)

I′B = IA − IB (12)
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Figure 4. (a) Numerical correction procedure for an imperfect circularly polarized reference;
(b) image of the polarization composition of the beam obtained by the sample arm before reaching
the sample.

These newly constructed vectors I′A and I′B clearly meet the criteria of orthogonality
and equality and serve as the correction field vectors. The imaging of perfect circularly
polarized light is obtained using the newly constructed vectors I′A and I′B as the complex
field of the interference fringes acquired.

According to the theory given above, sample reflectivity R and phase retardation δ
can be extracted from the complex function using the following expressions:

R(z) = A1(z)
2 + A2(z)

2 (13)

δ(z) = arctan
A2(z)
A1(z)

(14)

Before reaching the sample, the beam in the sample arm undergoes QWP modulation
to achieve circular polarization. As depicted in Figure 2b, in the context of observation
within a fixed plane perpendicular to the optical axis, the circularly polarized light vector
exhibits a constant magnitude of rotation, forming a circular trajectory. When the polariza-
tion state of light passing through the QWP is oriented at a 45◦ angle relative to the plate,
circular polarization is achieved. However, in practical optical systems, the propagation
direction of light along the optical axis is difficult to ascertain, necessitating a numerical
calibration process to compensate for such uncertainties.

3. Results and Discussion

Scans were performed on chicken breast, pork, and beef samples to demonstrate the
improvement in imaging depth and resolution achieved by the system. The experiments
used a collimated beam diameter of 2.04 mm, with a power of 10–15 mW applied to the
samples. Every cross-sectional image contained 1000 A-lines, as shown in Figure 5. A
significant advantage of PSOCT, in addition to the basic structural information provided by
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reflectivity imaging, is its ability to capture phase retardation imaging, including birefrin-
gence information. However, the original OCT reflectivity image shows only the structural
details of the sample, and the imaging quality is less clear. Based on phase retardation, the
birefringence image additionally demonstrates the birefringent characteristics, enabling
the observation of distinct muscle fiber structures within the sample with evident layering.
Figure 5a shows the imaging effect of thin layer slices of isolated chicken breast. (a1)
Reflectance imaging can visualize the surface of the sample and the internal structure of
muscle fiber. However, the imaging results are fuzzy, and the stratification structure is
not clear. Because chicken breasts are mainly composed of fibrous tissue and have strong
birefringent properties, the birefringence image of (a3) appears in multiple layers. These
axial color lacerations are phase delay maps obtained through data processing, which reflect
only the birefringence characteristics of the sample itself and do not represent the actual
structural alterations inside the sample. When examining a tissue sample of muscle pork ex
vivo, various parts of the sample tissue exhibit distinguishable levels of birefringence. The
pork samples were scanned across the fat and lean areas. In Figure 5(b3), the birefringence
imaging can be divided into approximately quadruples from left to right. One-quarter and
three-quarters of the color are relatively consistent, corresponding to the white part of the
pork sample; approximately three panchromatic oscillations occur in the two rightmost
quarters, which indicate a phase shift of 360◦, corresponding to the red portion of the
sample. The variation in refractive indices among various tissue samples was validated by
this observation. Simultaneously, a comparison between the Figure 5 (3) and (4) images
reveals the noticeable effects of the correction method. This comparison highlights the
significant effects of the correction technique. Building on this, Figure 5 (3) and (4) was
generated using a calibration algorithm applied to the 4096 × 1000 data used for imaging.
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Figure 5. PSOCT images recorded in vitro. The rows from top to bottom show the chicken breast (a),
pork (b), and beef (c) in vitro sample imaging. (1,2) (the first two columns) are reflectance imaging.
(3,4) (the last two columns) are birefringence imaging. (1,3) show the imaging before calibration, and
(2,4) show the imaging after calibration.

The depth profiles of the intensity signals of a single reflector in the birefringence
image before and after calibration were measured to quantitatively analyze the extent
of improvement in the images due to the numerical calibration algorithm for circularly
polarized light. Each image in Figure 5 contains 1000 such A-lines. The image is mainly
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presented around depth positions of 100–300. After a depth position of 450, it is beyond the
imaging range of the system, and the intensity here is the noise intensity.

As illustrated in Figure 6, the orange curve depicts the signal intensity before cali-
bration, whereas the blue curve shows the signal intensity after calibration. The orange
curve shows a slope from 0 to 100 depths, which may be caused by the light not passing
through the center of the QWP during scanning. The imaging sensitivities of chicken
breast, pork, and beef were enhanced by approximately 20 dB after applying the proposed
numerical calibration for circularly polarized light. This improvement is not incidental;
B-scans of the samples were conducted, resulting in 500 images each for both reflectivity
and birefringence before and after calibration, all demonstrating substantial improvements.
Consequently, the imaging sensitivity of the PSOCT system was enhanced through this
numerical calibration method for circularly polarized light.
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Figure 6. Depth profiles of a single reflector (blue curves: corrected, orange: uncorrected). (a) Chicken
breast; (b) pork; (c) beef.

Meanwhile, tissue samples of beef and pork were used to evaluate the imaging
capabilities of the Hilbert transform and PSOCT system, resulting in the acquisition
of 500 consecutive depth profile images. Numerical calibration was then applied to
1000 birefringence images. These 500 images were sequentially assembled, yielding 3D
reconstructions of beef and pork, as illustrated in Figure 7. The side-by-side assembly of
the images demonstrates a continuous layered structure. The observable continuity and
integrity of the muscle fiber structures in the samples validate the efficacy and accuracy of
the proposed circular polarization calibration method and our PSOCT system.
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Figure 7. (a) A 3D rendering of a beef sample; (b) a 3D rendering of a pork sample. Magnified views
of the green boxes represent the 150th and 350th PSOCT birefringence images that compose them. (A
3D rotation video of pork sample reconstruction is detailed in Supplementary Materials).

4. Conclusions

In this paper, a simple approach using circularly polarized light to enhance the imaging
effect of PSOCT was proposed. This approach uses the inverse Fourier transform of the
interference fringe to obtain a complex field and numerically calibrates it to make the
incident light perfectly circularly polarized. Reflectivity and birefringence images were
obtained using the Hilbert transform-based method. The effects of improving the image
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of birefringence in chicken breast, pork, and beef tissue were demonstrated. The findings
of this study indicate a significant improvement in the imaging of birefringence. This
approach provides a practical solution for enhancing PSOCT without requiring significant
system modifications, making it a cost-effective and accessible approach for improving
imaging capabilities.

PSOCT can enhance image contrast and show more of the samples’ internal micro-
scopic structure. PSOCT has been applied in many clinical fields and has good development
prospects. The proposed calibration algorithm for circularly polarized light has low com-
plexity and a negligible effect on imaging time. The improvement of the imaging SNR
may be favorable for the imaging of clinical PSOCT systems. In the proposed setup, the
circularly polarized light of PSOCT is created in free space through a QWP, which requires
that the sample be in vitro. Nevertheless, the circularly polarized light calibration method
proposed in this paper can be applied to all conventional PSOCT systems.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/app14062525/s1: Video S1: A 3D rotation video of pork sample
reconstruction.
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