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ABSTRACT

Cervical cancer is the second most common cancer in women worldwide. Early
diagnosis is extremely important for successful treatments. The current primary
screening method for cervical abnormal growth is PAP smear. It is labour intensive and
time consuming with a significant number of false positives/negatives. In suburban and
rural areas of Thailand, it takes 1-3 weeks for patients to get their PAP results. Mobile
colposcope could be used as a co-test immediately after a PAP smear to reduce the false
positive or negative results. However, experienced colposcopists are not always
available. Hence, there is a need for an effective and real-time screening method that
gives an early and confident diagnosis at low-resource settings of Thailand.

Therefore, in order to cope with the incidence of cervical cancer, Visual
Inspection with Acetic acid screening has been developed to be used for primary
screening of cervical cancer, which can significantly reduce the number of cervical
cancer cases. Hence, the development of cervical cancer screening to be effective and
able to reduce the number of cervical cancer cases can be done by increasing the
potential for Visual Inspection (VI) testing to be accurate and specific to the joints.
Cervical cancer in the early stages even more screening can be performed early in the
pre-cancer stage, making the treatment easier and faster. This supports the single visit
approach (SVA) to be more reliable in diagnostic results. By developing an endoscopic
microscopy that supports multiple wavelengths and capable of capturing cellular

resolution (5—10-micron range) images in combination with fluorescent labelled
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peptides. FITC to show the location of the lesion at the cellular level. From the
aforementioned theories, it leads to the following hypotheses. Multiwavelength and
cellular resolution endoscopy microscopes can be using readily available equipment
and improved image quality through software processing and able to develop
techniques for screening cervical cancer in the early stages before cancer by using the

camera developed in this project with a specific peptide capable of locating lesions.
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CHAPTER 1
INTRODUCTION

Since 2018, the fourth most common cancer in women is cervical cancer inferior
to breast, colorectal, and lung cancers. In 2018, the case fatality rate of cervical cancer
worldwide was 311,000 cases in women. Per 100,000 of population, cervical cancer
incidence is 23 for Indonesia, 21 for Myanmar, 15 for Philippines, 18 for Thailand, 12
for Laos, 11 for Malaysia, and 8 for Vietnam [1].

Cervical cancer screening has depended on the conventional Pap smear method,
a well-recognized method that is labor intensive, requires trained healthcare personnel,
and possesses a high false negative/positive rate. Liquid-based cytology is more
sensitive to detect cervical neoplasia compared to Pap smear. In contrast, the Pap smear
test is more specific to detect cervical neoplasia compared to liquid-based cytology.
Either visual inspection with acetic acid (VIA) or VIA with low-level magnification
(VIAM) is case alight in terms of cost and effectiveness compared to a conventional
pap smear. VI with Lugol’s idodine (VILI) was re-evaluated and showed slight superior
sensitivity compared to VIA. Human Papillomavirus (HPV) testing is now reliable, but
it requires sophisticated laboratory infrastructure. Thus, it is a higher cost when
compared to other cervical cancer screening methods [2]. Therefore, identification of
new reliable technologies for early cervical detection is imperative.

Then, a noninvasive technique involving the use of light with varying
wavelengths to diagnose the suspected tissues in vivo has been introduced. Endoscopes
are optical instruments that suitable for macroscopic view inspection of the large
mucosal surfaces in hollow organs internal to the human body such as the esophagus,
colon, and cervix. For example, Later, Pierce et al. demonstrated the use of a low-cost
fiber-optic microscope that can provide real-time imaging in cell culture, animals, and
patients [3].

Nowadays, targeted molecular imaging of tumor growth has been emerging.
Molecular imaging probes have assisted in understanding of fundamental biological
processes. Tremendous progress has been made in both discovery of imaging probes

and development of imaging instruments for assisting the development of tumor.



Currently, in vivo imaging could be applied at preclinical and clinical to improvements
in optical systems, and imaging instruments. These technologies in a combination with
optical imaging probes provide noninvasive, and real-time imaging at cellular levels.
Indeed, the combination of these technologies has enhanced the performance of optical

imaging systems [4].

1.1 Cervical cancer survival rate by stages

Cancer of cervix is caused by a virus called HPV (Human Papilloma Virus), a
virus transmitted by sexual intercourse that causes skin abrasions and the virus to enter
the cervix. This causes the cervix to have alterations of tissues or cells from the normal
cervix to the pre-stage cervical cancer.

1.1.1 Stage I: The cancer has limited only to the cervix.

1.1.2 Stage II: The cancer spreads outside the cervix but does not reach the
side walls of the pelvis.

1.1.3 Stage III: The cancer spreads to the side walls of the pelvis.

1.1.4 Stage IVA: The cancer spreads outside the pelvis or spreads to the
bladder lining or rectum.

1.1.5 Stage IVB: The cancer has already spread throughout other organ in the
body [5].

1.2 Cervical cancer statistic

Cervical cancer is most often diagnosed in women around the ages of 35 and
44. There are 20% of cervical cancers are diagnosed in women over age 65. Usually,
those cases occur in women who did not receive yearly cervical cancer screenings
before age 65. The 5-year survival rate for all women that being cervical cancer is 66%.
However, survival rates could vary by many factors such as age, immunity of each
person, race. Survival rates depend on many factors, including diagnosis of cervical
cancer. Whenever detected at an early stage, the 5-year survival rate for women with
invasive cervical cancer is 92%. There are only 44% of women with cervical cancer are
diagnosed at an early stage. If cervical cancer has spread to other organs or lymph
nodes, the 5-year survival rate is 56%. If cancer has spread to a distant part of the body,

the 5-year survival rate is 17% [6].



1.3 Importance of early detection

Screening could assist to prevent cervical cancers by detecting precancerous
lesions. These could also detect some cancers early when treatment has more
successful. Screening is assisted to reduce mortality for cancers of the cervix and
preventing cervical cancer. Most women were diagnosed with women who did not
receive yearly cervical cancer screenings. Early diagnosis is extremely important for
successful treatments. The current primary screening method for cervical abnormal
growth is PAP smear. It is labor-intensive and time-consuming with a significant
number of false positives/negatives. In suburban and rural areas of Thailand, it takes 1-
3 weeks for patients to get their PAP results [7]. Hence, there is a need for an effective

and real-time screening method that gives an early and confident diagnosis.

1.4 Introduction of technologies for cervical cancer detection

The early cervical cancer detection methods that are assisting diagnosis and
treatment in a single visit [8]. Visual inspection with acetic acid (VIA) is the most
widely available screening use in developing countries. This is a simple test, in which
the cervix is examined with the naked eye then application of 3 to 5% acetic acid. After
the application of the acetic acid, suspicious areas in the cervix turned white [9][10].
The high-resolution fiber optic microscopes are now available as an alternative to the
examination of the cervix which facilitates direct visualization of neoplastic indicators
without invasive biopsy. Dyes can provide high optical contrast if applied topically
such as proflavine, a fluorescent DNA label. The high-resolution fluorescence imaging
of this agent application in tissue could furnish morphologic information such as the
nuclear-to-cytoplasmic ratio which is an important parameter used in the histological
diagnosis of cancer. There was a lot of history of safe clinical use as a topical antiseptic
[11][12], and the agent is composed of acriflavine, which has been used in clinical
imaging studies of the cervix.

The high-resolution optical imaging technologies could serve as an appropriate
solution for cervical cancer screening [13]. Recently, there was the development of a
high-resolution microendoscope (HRME) to eliminate the limitations of conventional

methods of cervical cancer screening. The HRME has been evaluated in pilot studies



of oral and esophageal precancer diagnosis by applied proflavine topically to the area
and interrogated with a fiber-optic bundle [14][15][16]. The changes in cell

morphology could be visualized in real-time on a laptop computer screen.

1.5 The peptide synthesis for cervical cancer detection

Recently, the several techniques of cervical cancer detection and treatment at
the molecular level have an important role in the development of diagnostic and
therapeutic technologies. It is widely used as a direct in vivo examination and treatment
of the patient's body. In vitro laboratory specimen diagnosis, a widely used molecular
therapeutics technique, is based on a specific binding principle between the antibody
molecule and the target antigen, which is biomarkers of cancer cells. Antibodies are
used as molecular probes, labeled with a visual signal carrier, such as a fluorescent dye,
enzymes and chromogens for specific diagnosis of cancer cells. Based on research
evidence found that the application of pl6INK4a [17][18][19][20] as a biological
marker of cervical cancer using antibodies as a detection molecule could improve the
specificity of the diagnostic techniques and reduce the variance of the interpretation of
the sprinkling inspection results each time or for each individual [21][22]
Piyawattanametha et al [23], therefore, selected pl16INK4a protein as a target molecule
to study the development of a specific binding peptide for use in cervical cancer
screening. Specifically captured peptides from these research projects can be used for
in vivo assays by modifying the labeling of synthetic peptides with a visual signaling

agent for endomicroscope detection [24].

1.6 Objective of the project
1. To develop optical fiber bundle-based fluorescence endomicroscopes to be
used with the fluorescence-labeled peptides for detecting cervical cancer at

an early stage.



CHAPTER 2
REVIEW OF CERVICAL CANCER THEORY

2.1 Cervical Cancer Screening Early

The incidence and mortality of cervical cancer have decreased in the United
States for 5 years past. Most of that is because of widespread screening practices.
However, 93 to 100 percent of cervix carcinomas compose of DNA from high-risk
types of HPV, which have been transmitted by sexual intercourse. Studies of cervical
cancer have shown the infection with high-risk HPV types might lead to low-grade or
high-grade intraepithelial lesions. High-grade lesions might cause cervical carcinoma
if not treated. The purpose of screening is to detect cervical cancers at an early stage,
remove high-grade lesions, and prevent potential progression to cervical carcinoma
[25].

Nevertheless, in Thailand, the incidence of cervical cancer has not decreased
because screening does not cover all vulnerable populations. Quality problems of
cellological services diagnosis and treatment after screening is not enough. An
important factor that could reduce the incidence and mortality of cervical cancer is to
increase screening rates to cover vulnerable populations that have not been tested or
tested long ago. In addition to early cancer, pre-cancerous marks are detected, which

can be cured.

2.1.1 Method of Cervical Cancer Screening early

The screening method to know of cervical cancer early is to receive yearly
regular screening tests. There are 2 popular test methods for cervical cancer screening
that are the HPV DNA and Pap smear testing. Regular screening has been prevented
cervical cancers and protects women's life from cervical cancer. Early detection
exceedingly ameliorates the chances of successful treatment of pre-cancers and cancer
stages. Being aware of any signs and symptoms of cervical cancer could assist to avoid
late diagnosis.

HPV and Pap tests are performed by doctors to determine the development of a
transition to cancer or pre-cancerous stages of cervical cells. These marks can develop

into cervical cancer. An HPV test determines whether a woman has an HPV infection,



which can lead to cervical cancer. If the HPV DNA test is positive, this might mean
that there is a pre-cancerous change in the cervix. There are several types of HPV tests,
called HC2 tests. The Pap test is used to determine if cervical cells are abnormal.
Abnormal cervical cells that are verified as low grade to high grade might mean that
there is a pre-cancerous stage change in the cervix, which could lead to cervical cancer.
One type of Pap test is conventional cytology and the other is liquid-based cytology,
depending on the results. If the results are positive, the woman may need a cervical
examination or receive surgery to remove pre-cancerous marks. The screening method
offers the best chance to get cervical cancer found early for treatment could be
successful. Screening could also actually prevent most cervical cancers by finding
abnormal cervical cell changes or pre-cancers. Thus, they can be treated before turn

into cervical cancer [26].

2.1.2 Age to begin cervical cancer screening.

There are roughly 11 million women in range aged of 20 to 24 years and 25 to
29 years. The overall of cervical cancer among women aged 20 to 24 years is around
0.8% of all new cases diagnosed in this age group compared to among women aged 25
to 29 years which is 4% of all new cases diagnosed. The cervical cancer deaths that
cause from a diagnosis at women aged 20 to 24 years is about 0.5% compared with 3%
diagnosis among women aged 25 to 29 years.

According to ACS guideline for cervical cancer screening, the ACS recommended
that the women begin at age 20 years should receive cervical cancer screening and
regardless of the age of first vaginal intercourse. The begin cervical cancer screening
has developed over the years with a greater understanding of the disease. However,
early cervical cancer screening is important which could be treated before develops into

cervical cancer [25].

2.2 Fluorescence microscopy

Since the mid-20th century, the mortality of cervical cancer is declined
significantly. Due to the widespread screening practices. Fluorescence microscopy is
the analytical instrument that applies the fluorescence spectroscopy technique to

visualize fluorescence images at a microscopic level. Fluorescence is a phenomenon



when fluorescent molecules (fluorophore) absorb small wavelengths of light called
excitation light and emit small wavelengths of light called emission light. Fluorescence
microscopy is accomplished by integrating a powerful excitation light source and

fluorescence filters into a microscope.

2.2.1 Principles of Fluorescence

The fluorescence process begins with the absorption of light by fluorescence
molecules, followed by the photon emission of fluorescence molecules. The emission
energy is comparatively low compared with excitation energy, which proportional to
the wavelength of emission and excitation light. Therefore. The excitation light

generally longer wavelength than the emission light.

Excited state
% | y
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Figure 2.1 Principles of fluorescence [27].

The change of the electron stage from a ground state to an excited state of
fluorophores is induced by at least a single photon from an excitation light source. The
reverse transition releases a photon of a longer wavelength after relaxation to the lowest
energy. Stimulated emission depletion (STED) performs the suppression of

fluorescence and transition from an excited state to a higher ground state [27].

2.2.2 Fluorescein

Fluorescein is an organic synthetic substance, characterized by a dark orange or
red color which is soluble in water and alcohol. It is commonly used as a fluorescence
tracer to indicate locations or traces in biology. The fluorescein can be activated with a

wavelength of 494 nm and the longest wavelength at this fluorescein can emitted 521



nm as shown in figure 2.2. There are 3 main types of fluorescein currently used: 1)
fluorescein isothiocyanate (FITC) 2) oligonucleotide synthesis 3) 6-FAM
phosphoramidite. By fluorescence specific to cancer cells which could be able to

identify the specific location of cancer cells as in Figure 2.3 [28].

Coler FU

Figure 2.3 Normal and abnormal tumor cells image comparison. (a) Normal color
indicates the tumor area (b) Fluorescence image showing only the tumor area (c)

Graph showing tumor cell count of each imaging model [30].

A fluorescence microscope is a common instrument to selectively visualize cells
for modern cell biologists. It projects a parallel beam of excitation light to the specimen
via an objective lens. The beam illuminates the whole specimen with the same intensity

to equally excite the fluorophore on the specimen as shown in figure 2.4.

Exctatien Fitr

Figure 2.4 Principle of Fluorescence microscopy [27].



In the past, mercury or xenon high-pressure bulbs are used as excitation light
sources. In that time requires optical filters to select the specific wavelengths to
illuminate the whole specimen. In contrast, newer technologies such as laser scanning
microscopes use techniques called point-source illumination. Laser scanning
microscopes scan the whole specimen point by point to reconstruct the image from
every point. One of the new approaches for excitation light is light-emitting diodes
(LEDs)/ The advantages of LEDs are the variety of wavelength control, fast switching,
and the long period of a lifetime. The filter wheels can be obviated in an LED-based
fluorescence microscope and the confocal microscope depend on the color rendering
and the bandwidth of LEDs. The wide-field microscopy operation is image contents are
simultaneously viewed or captured by a camera sensor. Due to the simplicity of a wide-
field microscope, the low spatial resolution image may be caused by the diffraction
limit of optics. Another limitation is wide-field microscope cannot block the camera
sensor from out-of-focus light. By the way, a wide-field microscope is still commonly
used because of system simplicity and fast imaging. Additionally, the image acquisition
rate depends on the photomultiplier system or the camera.

The wide-field imaging requires lower excitation intensity to prevent
phototoxicity and photobleaching. It is generally used to visualize specimen in real-
time by eyes. But the care must be handled to minimize photobleaching and observation
time. The main advantages of a wide-field microscope are affordable price, simplicity,
and system flexibility. In contrast, disadvantages of a wide-field microscope are low
image resolution, shading artifacts due to illumination. Another problem with a wide-

field microscope is the pixel registration of different camera sensor formats [27].

2.3 Optics
2.3.1 Lens

Generally, the light microscope is composed of optical components that
function together to magnify the resolution from a macro scale down to a smaller scale,
particularly a microscale. It is imperative to understand the general properties of each
optical component. The lens is the main optics component to form the image and control
the characteristics of the illumination part of the microscope system. The lens that can

neglect the thickness of the lens is called a thin lens, which consists of two refracting
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surfaces in a single lens element. The principal plane and focal plane of a lens is the
plane within the lens and in the focused image, respectively. The simple positive lens
that converges the collimated light beam to focus on ray’s intersection point is called
the focal plane. The distance between the principal plane and the focal plane is called
the focal length. In contrast, a negative lens diverges the collimated light to expand the

ray, which out-spreads from the virtual focal point.

Figure 2.5 Demonstration of focal points for concave and convex lens [31].

The primary focal point is an axial point that the beam coming from when the
lens converts the beam to be collimated. In contrast, the secondary focal point is an
axial point that collimated the beam passing through the lens and the ray point toward
it. Typically, the converging lens and diverging lens have positive and negative focal
lengths, respectively. However, for the lens that has the same medium for both sides,
the primary and secondary focal lengths are equal. In the case of a single spherical

surface, the focal plane is perpendicular to the axis at the focal point [31].

2.3.2 Image forming by thin lens.

Lenses are commonly applied in optical instruments such as cameras,
telescopes, and microscopes in order to form images for either capturing or inspecting.
The relationship between object and image distance for a refracting surface is
determined by

ngy Ny MNp—MNy (2.1)

P q R
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where p is object distance, gis image distance which is independent if the angle ray

makes with the axis. The results are that all paraxial rays focusing on the same point /.

The image due to surface 1 is virtual,
so /) is to the left of the surface.

n =1
R

Ry
1 Surface 1 \ 4 Surface 2

\n

The image due to surface 1 is real,
50 1y is to the right of the surface.

ny =1
R, R
Surface l\ /

~ 03 ¢ Surface 2

n

Um\“ ;

Figure 2.6 Thick lens analyzing. (a) First stage to analyze thick lens. (b) Second stage
to analyze thick lens [32].

When light passes through the lens, it is experienced at two surfaces. Consider
a lens having refractive index n and two spherical surfaces with radius of R; and R,
respectively. An object is placed at point O at a distance p; in front of a first surface.
First, analyze the image formation by first surface. Assume that optical system is
surrounded by air, then equation 2.2 becomes
1 n n-1 (2.2)

—t— =
P1 q1 Ry

A second surface is analyzed by using equation 2.1, then equation 2.2 becomes
n 1 n-1 2.3
n 1 _n-1 (23)
b2 42 R,

For a thin lens, the thickness of the lens can be neglected. By this approximation, object

distance of second surface is equal to negative of image distance of surface one. Noted
that subscripts of image distance and object distance can be neglected to simplify the

equation. Then the relationship between these two surfaces is
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LS TIPS N (24)
I (n 1)(R1 Rz)

0 By \ e Ry

I ,

C. C.

—F

Figure 2.7 Simplified thick lens diagram [32].

The focal length of a thin lens is image distance that corresponds to infinite
object distance [32]. Then, let the object distance approach infinity cause image
distance approach focal length of the lens. The focal length for a thin lens determined

by lens-maker’s equation is

1 T =/l 2.
f Ry Ry
The focal length for a thin lens determined by thin lens equation is.
[ N 2.
111t (26)
j oy 07

2.3.3 Image magnification
The geometric construction of the light rays passing through lens cause the

magnification of the image is

h' 2.
I (2.7)

h p
where h' is image height, his object height. From this expression, positive and negative
magnification is an upright image on the same side of the lens as object and inverted

image on the side of the lens opposite the object, respectively [32].

2.3.4 Optical filter
The optical filter is the optics component that allows some optical spectrum to

transmit and reject the remaining length spectrum. The filter precision level depends on
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the application. The application of optical filters commonly includes microscopy,
spectroscopy, chemical analysis, and machine vision. Interference filters have step cut-
in and cut-off boundaries. Generally, fluorescence microscopy applies this filter
because it has high selectivity. Interference filters are planar sheets of glass coated with
multiple dielectric layers. In each thickness layer is half or fourth of the wavelength,
which is selectively blocking some specific wavelengths by constructive and
destructive interference. Bandpass filters transmit only a selected range of wavelengths
that reinforce through constructive interference between transmitted and multiple
reflected rays. The remaining wavelengths are bounced back out of the filter. The
thickness and refractive index of the optical path of dielectric layers control the

selectivity and range of bandpass filters [33].
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Figure 2.8 Diagram of the thin-film interference coatings filter [33].

2.3.4.1 Optical Density (OD)

Optical density is the term to determine the amount of energy blocked or
attenuated by a filter. The value of optical density is inversely proportional to the optical
transmission. In fluorescence microscopy, generally use the filter that has optical

density more than or equal to 6 [33].
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Figure 2.9 Percentage transmission/wavelength of the neutral density filter [33].
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2.3.4.2 Central Wavelength (CWL)
Central wavelength is used in defining the bandpass filter by describing the

center of transmitted spectral bandwidth [33].

2.3.4.3 Bandwidth

Bandwidth is a range of wavelengths used to denote the spectral band that passes
through the filter. Full Width-half maximum (FWHM) refers to the bandwidth, where
the upper and lower limit of that bandwidth is more than half of the maximum
transmission percentage. The broadband filter that has FHWM more than 50nm is
suitable for fluorescence microscopy applications. In contrast, the blocking range is a
wavelength interval used to denote the spectral band that is blocked or attenuated by
the filter. Optical density (OD) is a term for determining the blocking degree of filters
[33].
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Figure 2.10 Bandwidth of an optical filter. (a) bandpass filter (b) Blocking range of
the filter [33].

2.3.4.4 Slope

The slope of the optical filter defines the spectral wavelength in the range where
transitions from blocking to transmitting occur in the percentage of the cut-wavelength

unit. The slope value depends on the starting point, endpoint, cut-off wavelength [30].

2.3.4.5 Dichroic filter
The dichroic filter is an optical component that can either transmit or reflect the

light. The selectivity and the range of both transmission and reflection are depending
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on the wavelength. This filter is typically used in short-pass and long-pass applications
[33].

Reflection

Transmission

(Wavelength)

Figure 2.11 Transmission and Reflection / wavelength of dichroic filter [33].

2.3.4.6 Cut-on and Cut-off wavelength
Cut-on wavelength specifies the wavelength where transmission is rising to 50
percent in a long-pass filter. On the other hand, Cut-off wavelength specifies the

wavelength where transmission is decaying to 50 percent in a short-pass filter [33].

(a) (b)

Percent Transmission
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Percent Transmission
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Figure 2.12 Cut-on and cut-off wavelength of an optical filter. (a) Cut-on of long-pass
filter. (b) Cut-off of short-pass filter [33].

2.3.5 Optical fiber

Since 1960, optical fibers were first introduced as optical elements. The
microscopic structure of the insect eye idealizes scientists that the appropriate fiber
bundle can be used as optical waveguides to transfer an image. Charles Kao is the first
one who sees the potential of low-loss optical fibers could be a competitor of a metal
waveguide and coaxial cable for telecommunication. In 1970, optical fiber lossless

becomes suitable for commercial applications by 10 dB/km. The revolutionary concept
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from Corning incorporated drove the rapid development of optical fiber
communication. Another factor is the material of optical fibers can use very small index
changes between core and cladding can guide light more than ten kilometers before
reaching the detection limit. Nowadays optical fiber technologies have been applied in
both commercial and laboratory application. The demand for optical fibers in

engineering and research is exponential growth [34].

2.3.5.1 Principles of operation

Dielectric optical waveguides structures are known as a superset of optical fiber.
The optical fiber operation is similar to other waveguides, with the combination of a
cylindrical axis of symmetry. The optical fiber can slightly deviate from this symmetry
in some specific applications. Figure 2.13a shows the general optical fiber design with
lower-index cladding wrapped around a higher-index core. The difference indexes
between two layers are required to reflect the light at the interface when the incident

angle is greater than the critical angle.
n
6. = sin" (=) (2.8)
L

Figure 2.13b shows the geometrical to allow a continuous range of internally
reflected rats. The self-interference condition of light must be satisfied to be trapped in
the optical waveguide. There are limited light paths that satisfied this condition. The
propagating electromagnetic modes of the structure are analogous to these conditions.
Geometrical optics can adequately analyze a large number of modes of optical fiber.
Maxwell's equations can characterize a small number of modes of optical fiber with the

proper boundary conditions for the structure [34].

Core

(a) (b)

Figure 2.13 Generic optical fiber design and operation [34].
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Figure 2.14 Ray path in a gradient- index fiber [34].

2.4 Modified secant method

Modified secant method is one of the open root finding techniques in numerical
methods. It is based on the Newton-Raphson method, which has the evaluation of
derivatives. Main disadvantage of Newton-Raphson method is sometimes it is difficult
or inconvenient to evaluate due to the complication of derivatives. Modified secant
methods applied the concept of Newton-Raphson method, but approximate the
derivative by fractional perturbation of the independent variable instead of using real
derivative. The Newton-Raphson method equation and fractional perturbation of the

independent variable equations are shown in equation 2.9 and equation 2.10,

respectively.
N @ gk (29)
7 O (x)
ooy S+ Ax) = f(x;) (2.10)
fi(x) = 77

Then substituted derivative approximation (equation 2.10) to Newton-Raphson
method (equation 2.9) to form Modified secant methods (equation 2.11).

B f(x)Ax (2.11)
flx+2x) — f(x)

Numerical errors arise from the use of approximations to represent exact

Xit1 = X;

mathematical operations and quantities which is the discrepancy between the truth
and the approximation as in equation 2.12.

E; = true value — approximation (2.12)

E, is the exact value of the error, but in some applications significant
magnitudes of the quantities are different. Then normalize the error to the true value is

introduced as true fractional relative error which is described in equation 2.12.
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Ey (2.13)
gt =
true value
Since, modified secant method is the method for searching the root of the
function. It must determine the stop criteria of the solution. The stopping criteria is the
threshold value of the error that generated solution must be lower. One issue in the stop
criteria is that the error for validating the error must always be positive. So, the error

must be absolute before compared with the stop criteria [35].

2.5 Image processing

Image processing is a transformation applied to an input image and output
image is returned to perform an operation on an image and enhance an image. Image
processing focuses on two major tasks. First is the improvement of image data
information for human interpretation and second is the processing of image data for

storage, transmission, and representation [36].

2.5.1 Contour
Image contouring is the process of identifying the structure of objects in an

image which could help us identify the shape of the object [37].

2.5.1.1 Definition and properties of the contour

Outline presenting or bounding the shape or form of an object in an image called
contour. Practical tasks such as object recognition can be solved by contour detection
algorithms in some conditions. Nowadays, numerous researchers have worked on
problems, then gained significant achievements. The contour detection result is the
boundary object's curve from a binary image. A contour in the image is a boundary
where pixels change from one object to another.

Furthermore, edges inside an image are detected by changing the value of the
image function such as brightness or color. In other words, edge detection algorithms
are the low-level technique to achieve the boundary or contour image. Figure 2.16
shows the four classical means by which contours are observed as luminance change,

texture change, perceptual grouping, and illusory contour, respectively. In luminance
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change and texture change, contours are detected by region boundaries. On the other

hand, perceptual grouping and illusory contours are detected by global relations [38].

(a) Luminance changes (b) Texture changes (¢) Perceptual grouping (d) Iusory contour

Figure 2.15 Four classical means of observing contours [38].

2.5.2 Delaunay triangulation

Triangulation is a method to divide the surface of an image into regions that
shared common characteristics between each other. Characteristic types depend on the
triangulation type. The divided surfaces from Delaunay triangulation are suitable for
image processing applications. Triangulation divides the surface into pieces of a
triangle that share edges with neighbor triangles as shown in figure 2.17 and figure

2.18.

Circumcircle
A

A
Figure 2.16 The circumcircle of a triangle is the circle that passes through all of the
triangle’s vertices (A, B, C) [39].
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Figure 2.17 Delaunay triangulation (dashed lines) [40].
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Delaunay triangulation strength against other types is the maximization of the
minimum angles of triangles on the surface. In this way, the triangles have
equiangularity, which prevents cases that some triangles that are long and thin. So,
triangles of the surface from Delaunay triangulation are geometrically balanced

[39][40].

2.5.3 Clough-Tocher interpolation

The Clough-Toucher interpolation technique is based on the finite element
method of numerical analysis. The Clough-Tocher method is a standard technique for
constructing a sectionally polynomial surface which interpolates the position and
function above a triangulation of the plane to obtain a consistent mixed partial
derivative at the vertices of the triangulation. The points are first triangulated to form a
network of triangles. A bivariate polynomial is defined over each triangle and creates a
surface made up of a series of triangular Clough-Tocher surface patches.

Since the Clough-Tocher scheme is a local scheme, it has the advantage of
speed. Even very large sets of points can be interpolated quickly. It also tends to give a
smooth interpolating surface which brings out local trends in the dataset quite

accurately [41].



CHAPTER 3
METHODOLOGY

3.1 Planning and scope

21

2 Semester

Month

Plans/activities

. Literature review of fiber bundle

optical endomicroscope illumination,
detection, and CMOS systems.

Optical Alignment of fluorescence
endomicroscope system.

. Fiber-optic bundle polishing and

cleaving.

Graphical user interface development

Test fluorescence endomicroscope
without fluorescence dye and
improve the system.

Optimized fluorescence
endomicroscope systems to be used
with fluorescence dye.

Test software functionality

Test fluorescence endomicroscope
with fluorescence dye.

Table 3.1 Planning and scope.

3.2 Design Methodology

This project is an experimental based project that has conceptual framework in

Figure 3.1. We will start with the development of the endomicroscope part which will

be based on the Fiber Optical Endoscope (FOE) and conceptual designs are explained

below.
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Development of an optical endoscope prototype

Development of P16 targeting peptide c

o

Test an optical

g
*»
’l
endoscope sub-system ~
s
for cervical cancer detection -

Figure 3.1 Conceptual framework of the project.

3.3 Fiber Optic Fluorescence Endomicroscope

Currently, optical fiber applications are increasing especially within medical
devices. Fiber Optic Fluorescence Endomicroscope is an example of an imaging
method that uses either a single-mode optical fiber, micro-optics, and a light source as
a medical imaging instrument for disease diagnosis. In general, a single-mode Fiber
Optic Fluorescence Endomicroscope provides high-resolution images with a complex
design of micro-optics and limited field of view (FOV). On the other hand, the Fiber
Optic Fluorescence Endomicroscope applied a fiber bundle provides moderate-
resolution images with simple micro-optics design and larger field of view (FOV).

As aresult, the majority of Fiber Optic Fluorescence Endomicroscope is limited
by optical fiber type. Furthermore, adding multi-wavelength light sources and special
design micro-optics could be useful for imaging of fluorescence Fiber Optic
Fluorescence Endomicroscope. This multi-wavelength emission is obtained from

fluorescence compounds used for target-specific cancer types react to specific
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wavelengths as a study of uterine cervix biopsies was imaged with a multispectral fiber

bundle endomicroscopy.

Fiber bundle

N _(gE

LED

Figure 3.2 The schematic of fiber optic fluorescence endomicroscope system.

A schematic diagram of fiber optic fluorescence endomicroscope system is
shown in figure 3.2. This is generally based on Fiber-Optic Fluorescence Microscope
[42]. The excitation light source (Thorlabs, M490L4) has nominal wavelength at 490
nm, output power of 240 mW when driven at 350 mW, FWHM of 26 nm. The light
source is powered by power supply (Thorlabs, LEDD1B) with a max drive current of
1200 mA. The excitation light is filled back aperture of the objective lens by an aspheric
condenser lens (Thorlabs, ACL2520U) which has focal length of 20.1 mm and NA of
0.60. The collimated image from the objective lens (Olympus, MPLN20x) is focused
by an AR coated achromatic doublet lens (Thorlabs, AC254-150-A) which has a focal
length of 150 mm. This lens's Anti-Reflection (AR) coating range is between 400 and
700 nm. This coating reduces reflectance of the light within wavelength range
mentioned previously, this helps to decrease glare and increase the sharpness and image
contrast [43]. The image is focused on a monochrome CMOS camera (FLIR,
GRASSHOPPER®3). The position of AR coated achromatic doublet lens and the
position of aspheric condenser lens should be placed at its focal length away from
CMOS camera and excitation light source, respectively. The position of the fiber bundle
(Fujikura, FIGH-10-350S) terminator should be placed at working distance of objective
lens which has magnification of 20X, numerical aperture of 0.4, working distance at

1.3 mm, and transmittance/wavelength graph as shown in figure 3.3.
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Figure 3.3 The graph of transmittance/wavelength of objective lens (Olympus,

MPLN20x) [44].

The filters set for the fiber optical fluorescence endomicroscope system must be
matched with fluorescein isothiocyanate isomer I (Sigma Aldrich, F7250). The
maximum excitation and emission wavelength is 492 and 518 nm, respectively [45].
The absorbance/wavelength graph is shown in figure 3.4, the secondary vertical axis is
a reference excitation and emission band of Fluorescein isothiocyanate (FITC) [46]. In
order to perform FITC fluorescein inspection, the fiber optical endoscope system must
have appropriate light source and fluorescence filter set. The excitation filter (Thorlabs,
MF497-16) is a bandpass filter with center wavelength is 497 nm and FWHM is 16 nm,
which covers the peak excitation region of FITC fluorescein as shown is figure 3.4. The
emission filter (Thorlabs, MF530-43) is a bandpass filter with center wavelength is 530
nm and FWHM is 43 nm, which covers the peak emission region of FITC fluorescein
as shown is figure 3.4. The dichroic filter (Thorlabs, MD515) serves function to
integrate optical pathway of emission and excitation part of reflectance mode of
fluorescence microendoscope. This dichroic mirror has a reflection band between 470
and 490 nm and transmission band between 525 and 700 nm. Even though these filters
have some non-calibrated wavelength region, when they function together, they support
each other to perform FITC fluorescence microscopy. The transmittance/wavelength

graph of these filters is shown in figure 3.4. The primary vertical axis is the reference
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for the transmittance percentage of filters. Figure 3.4 The graph of

transmittance/wavelength of objective lens.

(%)

e (%)

ransmittance
Sor l‘nllll

Figure 3.4 The graph represents transmittance and absorbance against wavelength of

fluorescence microscopy and FITC.

In practical terms, it is very hard to place the lens at the actual focal point
because the tolerance in mechanical parts and the principal plane of the lens is not
determined by the lens manufacturer. The alternative way to determine the
approximation of the lens position is to use simple focal length approximation.
According to the reference [47], they do not provide the object length to be focused on
in step 4. The problem of this approximation is the error of this method is not
determined. This error can lead to a coating shift of thin film coating filters because
interference coatings are sensitive to angle of incidence. When the incidence angle
increases, the spectral characteristic is shifted to a shorter wavelength [48]. Also, filters
manufacturers recommended working in the collimated ray condition to perform the
desired efficiency and accuracy of filters [49]. So, to determine the error from infinite
plane approximation in practice is necessary. By error calculation, it can apply the
concept of numerical method to find appropriate length of the image for positioning the
tube lens with acceptable error. In this project, a modified secant method is used to
determine the minimum object distance required to focus on for tube lens positioning
with acceptable error. To apply a modified secant method to the thin lens equation. The
first thing is to determine the function f (x)of this method by using a thin lens equation.
In order to use thin lens equation, it must be in terms of q(p). Then the thin lens

equation becomes equation 3.1.
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z
f

After rearranging the equation, the next thing to do is adjust the offset of the equation

() = 1/( (3.1)

IS

p
with appropriate value. Since, the focal length of the tube lens is 150 mm, the identical
value for both focal length and image distance is 150 mm, when these two parameters
are this value object distance becomes infinity. To be applied with a root finding
method, equation 3.1 must be subtracted by its own focal length. Then the thin lens

equation for modified secant method is written in equation 3.2.

1 3.2
a0 =74 f (32)
iy + <
(f p)
The way to calculate the error for this method uses true fractional relative error. The

true value for image distance is focal length. The value from modified secant method

is substituted back to equation 3.1 to calculate the image distance as approximate value.

3.3.1 Fiber Optic Cable Assembly, Cleaving, and Polishing

Begin to cut the furcation tube approximately 26 mm. Strip the end of the
furcation tube using a stripping tool, exposing Kevlar threads and inner tube as shown
in figure 3.5a. Trim the inner tube as same as the length of the outer tube as shown in

figure 3.5b.

Keviar Threads Surrounding Inner Tubing

Figure 3.5 The furcation tubing. (a) The furcation tubing after stripping 13 mm of the
outer tube. (b) The inner tube is trimmed close to the length of the outer furcation tube

[50].

Next step, gently push the optical fiber through the inner tube and make sure
that the optical fiber does not get caught inside the furcation tube. Be cautious not to
push too quickly or too hard that may cause optical fiber break. Inject the epoxy into

the back of the connector until overflow out of the ferrule hole as shown in figure 3.6.
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Figure 3.6 Injecting epoxy into the connector [50].

Slide the fiber out of the furcation tube about 50 mm. Be careful to push the
connector onto the fiber while slowly rotating the connector. After that crimp sleeve
over the back end of the connector and the Kevlar threads together then secure the crimp

sleeve as shown in figure 3.7.

Figure 3.7 Secure the crimp sleeve [50].

Next, scoring the optical fiber by holding the connector and using a fiber scribe
to score as shown in figure 3.8. Lightly score the fiber above the epoxy bead and gently
squeeze the fiber tip then pull along the axis of optical fiber. After scoring the optical
fiber, the cleaving method should be easy.
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Figure 3.8 Scoring the optical fiber [50].

After optical fiber assembly finished, then continue to polish optical fiber by
placing a sheet of the polishing film on the glass plate then polish from roughly
polishing film to smoothing polishing films. Polished until the epoxy bead is removed
from the ferrule tip. After finished polishing in each level of polishing film, this should
be clean the polishing plate and disc with isopropyl alcohol. Place three to four drops
of distilled water on one side of a new polishing film. Apply light pressure on the
connector, then polishing the optical fiber in a traversing figure eight pattern, moving
towards the dry end of the film as shown in figure 3.9. When finished polishing, remove
the connector from the polishing disc and clean the connector ferrule with isopropyl

alcohol. Testing the optical fiber by microscope inspection [50].

< - - < - -

Figure 3.9 Optical fiber polishing [50].

3.4 Preparation of fluorophore and FITC labeled microsphere.



29

Currently, the types of cancer screening techniques at the molecular level are an
important role in the development of diagnostic and therapeutic technologies. There
was widely used both directly in vivo and diagnose the test from the patient in the
laboratory. Current molecular surveillance techniques rely on the principle of the
specific bind between antibody molecules and target antigens, which are biomarkers of
cancerous tissue. Antibodies are used as molecular probes labeled with visual signals
such as fluorescent, enzyme, and chromogen to use a specific diagnosis of cancerous
tissue [51].

According to research [52], proflavine use as a solution that is topically applied to
the cervix for colposcopic examination. The concentration of proflavine is 0.01% w/v
in sterile phosphate-buffered saline. Proflavine could absorb at 445 nm. The filter set
of our fiber optical endomicroscope system must be matched to the solution that was
applied to our work, which describes in section 3.3. Our experiment using FITC
(fluorophore) and fluorescein isothiocyanate isomer I (FITC labeled microsphere)
stained on the sample which used the same concentration as proflavine for testing our
fluorescence endomicroscope. The contrast agent was applied to the sample to be

imaged.

3.5 Software methodology

The software methodology section describes image processing algorithms and
the graphical user interface (GUI) implementation. The medical personnel operate the
camera via GUIL The application tasks are streaming camera image, real-time
processing, capturing the image, and systematically saving the image. The inter-core
spacing of the fiber bundle causes fiber-pixelation artifacts as a honeycomb pattern.
The image processing technique is one approach for reducing the honeycomb pattern
of the fiber bundle.

The desktop application uses Python 3.8 [53] as the framework for
implementation. The external library requirement for the desktop application includes
PySpin, EasyPySpin, PyQt5, NumPy [54], OpenCV, and SciPy. PySpin is the
Spinnaker software development kit to control the FLIR camera. EasyPySpin is the
library for wrapping PySpin camera classes to assimilate to the OpenCV camera

classes. PyQt5 is the library for GUI development on the python framework compatible
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with the Qt application framework. The remaining external libraries provide calculation
and computer vision commands. Furthermore, the internal libraries handled the
remaining tasks.

Multithreading is necessary to prevent the freezing GUI from real-time image
processing. The background thread is intended to receive and modify images from the
camera, then forward either raw images or processed images to display on GUI. The
main thread functions as an interactive tool to communicate between medical personnel

and the camera.

3.5.1 Image processing

Image processing algorithms serve the function to eliminate the inter-core
spacing of the fiber bundle. The inter-core spacing of the fiber bundle interrupts the
continuity between pixels of the image from the fiber bundle. Two algorithms are
applied to the software for filling the inter-core spacing of the fiber bundle.

The first image algorithm is based on morphological image processing, where
the inter-core spacing is filled by applying the dilation method. The dilation method
finds local maxima by convolution of the image by the given kernel, subsequently
filling pixels of the image inside the kernel by each local minimum [55]. The figure
3.10b shows the flowchart to apply the image dilation method to real-time processing.
The dilation image processing is directly applied to the raw image, subsequently
emitting dilated image signals.

The second image algorithm is based on the two-dimensional interpolation
method, where the inter-core spacing is filled by values obtained from interpolation
pixels of fiber optics cores. The figure 3.10c shows the flowchart to apply the image
interpolation method to real-time processing. The localization of fiber optics cores of
the fiber bundle is required to access the intensity values of every fiber optics core. The
fiber bundle structure image is used as a reference image to localize every fiber optics
core. Coordinates of fiber optics cores can be identified by finding contours of the fiber
bundle structure image, then finding the circles from contours data [55]. The result is
the coordinates list of every fiber optics core inside the fiber bundle. The coordinates
list is used to access the intensity values of any fiber bundle image. Until this stage,

every parameter required to interpolate is resolved. The final step is to reconstruct the
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image from the intensity and coordinate of fiber optics cores by the two-dimensional

interpolation method [56], then emitting interpolated image signals.
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Figure 3.10 Flowcharts of real-time imaging and image processing algorithms.

3.5.2 Graphical User Interface (GUI)

GUI provides the functions to assist a user for show, capture and systematically
store on local storage. Separate folder to store images of each case is necessary to
organize images to be in the desired directory. The login window is used to collect the
patient ID, case ID, patient name, and patient surname to generate a folder based on
those parameters. The directory will be created after the login button has been clicked.
The created directory is named as the string of patient ID joined with patient name and
patient surname. Furthermore, it contains a subdirectory named as case ID. The
flowchart of the login window shown in the figure 3.11a. Another window of GUI is
the camera window. It functions as the window to view and control the camera. It
consists of camera frame, image processing mode selection, and capture button. The
camera frame receives and displays images from background thread. The image

processing mode selects one background thread from three of it to be running. Each
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background thread function is to stream either raw image or dilated image or
interpolated image to the main thread. Background threads algorithms and flowchart
are described in section 3.5.1. The last function of the camera thread is to capture the
image from the camera. Three images are stored when capture button is pressed. Those
images are raw image, dilated image, and interpolated image of current camera image.
The criteria to generate the image names to avoid image replacing is use current date,
current time and image processing mode joining together as image name. The flowchart
of the camera window shown in the figure 3.11b. The flowcharts in figure 3.11c

describes login window, and camera window function together.
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Figure 3.11 Flowcharts of GUI
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CHAPTER 4
EXPERIMENTAL RESULT

This chapter describes the development and implementation of fluorescence
endomicroscope systems-based fiber-bundle, a system that enables high resolution
cellular imaging of cervical cancer cells stained with fluorophore which we have used
an image processing method to increase efficiency and enhance the image results. In
this chapter, we present a testing method and its results that show the biological image
and show the calculation method. Furthermore, this chapter shows graphical user

interface development and image processing that we applied to our research.

4.1 Schematic and real setup

The system has described in section 3.3. Our system is a fiber optic fluorescence
endomicroscope that can acquire images of tissue in cellular resolution. As shown in
figure 4.1, the FOE consists of a flexible 350 um diameter fiber bundle of Fujikura
FIGH-10-350S coupled to a light source and a digital CCD camera. The centered 490
nm LED provides excitation light to illuminate fluorescence molecules; fluorescence
emission from fluorescence molecules is transmitted from the tissue to the FOE system
via fiber bundle, transmitted through a dichroic mirror, and focused onto an optical
sensor of the CCD camera by an objective lens and a 150 mm tube lens. Images are
transferred to a laptop. When assembled correctly, the system will appear as shown in

figure 4.2.

Objective lens 20X Dichroic filter Tube lens f = 160 mm.

CCcD

Fiber bundle

(FIGH-10-350S, Fujikura)

Image circle diameter = 325 um
10,000 elements

VAN
= / \\\ ’
g R ok oF Condenser lens f = 20.1 mm.© g ¢ \\ \ - N e
Tissue % L Enizontand

Emission filter
Excitation filter

Central wavelength = 490 nm.
Bandwidth=26nm.| LED
Output = 240 mW,

Figure 4.1 The schematic of fiber optic fluorescence endomicroscope system.
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Figure 4.2 A demonstrates of fiber optic fluorescence endomicroscope system.

4.2 Calibration results
4.2.1 CCD camera and tube lens calibration

Tube lens position is defined by the length between the CCD camera and tube
lens that focuses the image from an infinite plane as shown in figure 4.3a. In order to
get precise tube lens position, the object distance should be far away from the tube lens.
Then we decided to use a modified secant method to compute the minimum requirement
of object distance required to get precise tube lens position. The stopping criteria is 1%
true fractional relative error. The result is the object distance must be at least 15.88m.

in order to get image distance within 150+1%mm as shown in figure 4.3b.

Figure 4.3 Infinity plane calibration result. (a) 3D schematic of CCD camera and tube

lens calibration. (b) Calibration image of CCD camera and tube lens.

4.2.2 Light source calibration
In figure 4.4 show a 3D schematic of light source calibration. Illumination

methods in optical microscopy are critical illumination and Kohler illumination. The
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problem of critical illumination is the image of the light source appearing on the
objective lens focal plane because the light from the light source is focused by an
objective lens, then the beam is non-uniform as shown in figure 4.5b. In contrast,
Kohler illumination provides a uniform beam profile because the light after the

condenser lens is collimated by an objective lens as shown in figure 4.6b.

Figure 4.4 3D schematic of light source calibration.

Central waveleng: th = 490 nm
Bandwidth =26nm. | LED
Output » 240 mW

Figure 4.5 Critical illumination result. (a) Diagram of critical

e 100 um
illumination (b) Critical

illumination result at focal plane of objective lens.

EEored

Figure 4.6 Kohler illumination result. (a) Diagram of Koéhler illurﬁifiatioﬁ (b) Kohler

illumination results at the focal plane of the objective lens.

4.3 Fiber bundle polishing and cleaving.

The purpose of fiber optic polishing, and cleaving is to get good fiber optic

termination. Thus, the polishing and cleaving are extremely important to fiber optic.
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4.3.1 Fiber polishing at proximal end

Fiber polishing is the most critical step in the termination process to get the
connector end face flat and clean which has a direct impact on optical performance. The
polished the fiber bundle done by following the instruction of Thorlabs and the result

shown in figure 4.7.

Figure 4.7 Fiber polishing method and result. (a) Fiber-optic bundle polishing method
(b) Result of fiber-optic bundle after polishing

4.3.2 Fiber cleaving at distal end
Fiber optic cleaving is a cutting of fiber optic termination process which cut
by scoring on the fiber optic surface and cleave with perpendicular to fiber optic. In

figure 4.8 showing the distal end of the fiber-optic bundle after cleaving.

Figure 4.8 The distal end of the fiber bundle
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4.4 Fiber bundle checking

Fiber bundle checking showed the flatness of the surface of both proximal end
and distal end of fiber bundle. Distal end and proximal of fiber bundle inspected by
using Phonescope and Fiber Inspection Scope (Thorlabs, FS201). Coaxial illumination
mode of fiber inspection scope results as shown in figure 4.9a shows the high-detail
inspection for polish details and smaller scratches. Oblique illumination mode of fiber

inspection scope results in figure 4.9b shows cleanliness and core condition of ferrule.

Figure 4.9 Proximal end of the fiber bundle. (a) Coaxial illuminated image of fiber-
optic bundle proximal end. (b) Oblique illuminated image of fiber-optic bundle

proximal end.

4.5 Fiber optic fluorescence endomicroscope system testing
4.5.1 Endomicroscope resolution measurement

The resolution of the endomicroscope is measured by using a resolution test
target (Thorlabs, RIDSIN). This resolution test target is not fluorescence labeled, then
additional illumination is required in order to inspect the resolution test target. The
resolution test target is placed at the focal plane of fiber-optic bundle distal end.
Additional Cyan LED (Thorlabs, M505L4) is used to emulate the emission light of
FITC. Cyan LED has nominal wavelength and FWHM of 505 nm and 37 nm,
respectively. The Cyan LED is placed after the resolution test target. The real setup
shown in figure 4.10. Qualitatively measurement of endomicroscope resolution is 128.0

Ip/mm (3.91 um) as shown in figure 4.11.
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Figure 4.10 The real set up

Figure 4.11 Resolution test target results. (a) Group 6 image of negative resolution

test target. (b) Group 7 image of negative resolution test target.

4.5.2 Fiber optic fluorescence endomicroscope system testing with FITC labeled
microsphere(beads) and fluorophore (FITC).
FITC labeled microsphere of 1% concentration and 10% concentration prepared

by dilute it with distilled water as shown in figure 4.12.

Figure 4.12 FITC labeled microsphere preparation.
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After the solution are prepared, it tested by a general microscope shown in
figure 4.13. The resolution test target image in figure 4.14 is captured to measure the

size of microspheres.

Figure 4.13 Microspheres images for general microscope. (a) Image from general
microscope 40x objective lens with 10% of FITC labeled microsphere (b) Image

from general microscope 40x objective lens with 1% of FITC labeled microsphere

Figure 4.14 The resolution test target image from the 40x microscope.

Thus, the bead size can be calculated by using image in figure 4.13b and image
from figure 4.14. ImagelJ software is used to calculate FOV and resolution, so the result
of 1 bead is 1.36 um. After we use a general microscope observe the FITC labeled
microsphere and resolution test target then we observe by using fiber optic fluorescence

endomicroscope system to capture the image shown in figure 4.15.
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Figure 4.15 Images from the fiber optic fluorescence endomicroscope system. (a)
Image from Fiber Optic Fluorescence Endomicroscope system with 10% of FITC
labeled microsphere (b) Image from Fiber Optic Fluorescence Endomicroscope

system with 1% of FITC labeled microsphere.

Thus, the bead size can be calculated using image in figure 4.15b and image
from figure 4.11b. ImageJ software is used to calculate FOV and resolution so the result
of 1 bead from fiber bundle is 1.35 um. The cross-section profile of a microsphere
shows the FWHM of this microsphere is approximately 1.4 um.

\

distance [um]

Figure 4.16 A microsphere cross section profile.

Fluorophore of 0.1% concentration and 0.01% concentration dropped on
napkins are prepared by drop of dissolved fluorophore on a piece of napkin shown in
figure 4.17. The fluorophore dissolve by using acetone solution (1 mg/mL). The
fluorophore dropped on a napkin tested by fluorescence endomicroscope system shown

in figure 4.18.
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100 pm 100 ym
Figure 4.18 FITC stained napkins results. (a) no fluorophore, (b) 0.01%(w/v) of

fluorophore, and (c) 0.1%(w/v) of fluorophore.

4.5.3 Fiber optic fluorescence endomicroscope system testing with fluorophore
that stained on small piece of pig’s intestine.
The small piece of pig’s intestine is stained by 0.1% (w/v) FITC on top of the
surface, then testing by Fluorescence endomicroscope system results shown in figure

4.19.

Figure 4.19 The fluorescence image results from intestine tissue of a pig. (a) Staining

fluorophore rarely sticks. (b) Fluorophore is well attached to pig’s intestine.
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4.5.4 Fiber optic fluorescence endomicroscope system testing with fluorophore
that stained on an onion membrane.

The small piece of onion membrane is cut and placed on the microscope slide
then drops the fluorophore 0.01% w/v FITC on top the onion membrane then place
microscope slide with sample under general microscope to see the structure of onion
membrane shown in figure 4.20a and testing by fluorescence endomicroscope system

shown in figure 4.20b.

-
" ‘\.
% 2 08 TR |
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100 um

Figure 4.20 FITC stained onion membrane images. (a) Onion cell image result from

general microscope. (b) Onion cell image result from fluorescence endoscope system.

4.6 Testing and Evaluation Summary

In section 4.2 results showed that the distance between CCD camera and tube
lens is the tube lens focal length, where the error can be neglected because it is only 1%
error and when we further test the overall imaging system, the camera can observe the
sharp image at the focal plane of the Objective lens. The light source calibration result
is that it performs Kohler illumination to fluorescence endomicroscope system. The
position of the condenser lens and light source is critical because if it is not Kohler
illumination, then the excitation beam will not uniform at the focal plane of the
objective lens. In section 4.3 showed the quality of fiber-optic bundle after polishing.
This section shows the flatness of both distal end and proximal end of fiber-optic bundle
and cleaness of proximal end of fiber bundle. In section 4.4 results show that
endomicroscope resolution is up to 3.91 um in non-fluorescence imaging. Additionally,
in fluorescence imaging it is able to see the fluorescence microsphere diameter 1 um.

The testing described in section 4.4 demonstrates that our fluorescence endomicroscopy
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system can enable us to see the cellular imaging in biological samples when stained

with compatible fluorophore.

4.7 Software results

This section discusses the result of the GUI and image processing algorithms.
Also compare the results of image processing algorithms. Python is used to implement
the GUI and image processing algorithms. Image processing results shown in section

4.7.1 and the GUI results shown in section 4.7.2.

4.7.1 Image processing results

In section 3.5 has describes a technique to triangulate source images from list
of pixels to artistic images composed of tiles of triangles. After a short theoretical
introduction in chapter2, section 2.5.2, now we have applied this technique to a more
practical use of FITC stained onion membrane images to get a more efficient image
shown in figure 4.22. Also, we have applied a dilation method to enhance the image as
described in section 3.5 and the result shown in figure 4.23. Results showed that either
interpolation method or dilation method can fill the inter-core spacing of the fiber
bundle. Python codes of image dilation and Delaunay triangulation are provide in

Appendix A and Appendix B, respectively.

Figure 4.21 The original onion cell images.
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Figure 4.22 Delaunay triangulation interpolation results.

Figure 4.23 Image dilation results.

Delaunay triangulation interpolation method and dilation method are used to fill
the inter-core spacing of the fiber bundle with different approaches. Delaunay
triangulation interpolation fills the inter-core spacing by interpolate intensity values of
every fiber optics cores of the fiber bundle. In contrast, the dilation method fills the
inter-core spacing by finding local minima by convolution kernel. The main differences
between these two approaches are image results pattern and the speed. Image results
pattern in the dilation method still remains the inter-core spacing, but the size of it
becomes smaller by morphological operation. The speed of the dilation method depends
on the size of the kernel, number of iterations, and the size of the image. When the size
of the kernel is square of 5 pixels on each side, number of iterations is 2, and the size
of image is 9.1 megapixels, it requires 15 ms for operation. Image results pattern in the
Delaunay triangulation interpolation method completely removes the inter-core spacing
by filling the inter-core spacing by curve fitted values. The speed of the Delaunay

triangulation interpolation method depends on the number of elements inside a fiber
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bundle, the size of the image. When the number of elements inside a fiber bundle is
10,000elements, and the size of the image is 9.1 megapixels, it requires 700 ms for
operation. The interpolated image quality depends on the accuracy and precision of the

reference image used to localization fiber optics cores of the fiber bundle.

Figure 4.24 Comparison between Delaunay triangulation interpolation and dilation of
the fluorophore that is stained on a tissue paper. (a) Original image (b) Delaunay

triangulation interpolated image. (c) Dilated image.

Figure 4.25 Comparison between Delaunay triangulation interpolation and dilation of
the negative resolution test target, group 6. (a) Original image (b) Delaunay

triangulation interpolated image. (c) Dilated image.
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Figure 4.26 Comparison between Delaunay triangulation interpolation and dilation of
the negative resolution test target, group 7. (a) Original image (b) Delaunay

triangulation interpolated image. (c) Dilated image.

Figure 4.27 shows the comparison of line profiles of group 7 element 1 of USAF
1951 resolution test target. The result shows that image processing methods change the
pattern of line profiles when compared with a raw image. Image processing provides
continuity between fiber optics cores of the fiber bundle. The dilation method graph is
close to the pattern of step function joining together. In contrast, the interpolation

method graph is close to the pattern of linear function joining together.
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Figure 4.27 Line profiles of USAF resolution test target group 7 element 1.
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4.7.2 GUI

In this section, describe the development of a GUI for use with our system. Our
software development consists of 2 main windows. First is the login window and
second is the camera window. The login window has the purpose to create a folder of
patients to store an image which has 3 main parameters. All three parameters consist of
the patient ID, name, surname that the user needs to fill it shown in figure 4.28. The

python code of GUI is providing in Appendix C.

Camera

Ext

Figure 4.28 Login interface.

After input data of the patient is filled, next is click login. The software will
create a directory according to user inputs to save the image as shown in figure 4.29
and a user will be in the page of capture mode which consists of 3 modes. First mode
is normal mode which shows a normal image or the real image without any image
enhancement as shown in figure 4.30. Second mode is dilation mode as shown in figure
4.31. Third mode is interpolation mode as shown in figure 4.32. When user have
captured the image, images going to save in the folder that was already created on the

preview page as shown in figure 4.33.



Figure 4.29 Create a directory to save the image.
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Figure 4.30 Camera interface in a normal mode.
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Figure 4.31 Camera interface in a dilation mode.
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Polation moce
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Figure 4.32 Camera interface in an interpolation mode.
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Figure 4.33 Image saved to the directory that was already created on the previous

page.
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CHAPTER 5
DISCUSSION AND CONCLUSION

5.1 Introduction

Based on the results obtained in chapter 4, the discussion of the results presented
in this chapter. The results from the FOE system are used to discuss whether the
objective has been met or not. Finally, the study was discussed based on theoretical,
methodological, and experimental approaches followed by suggestions for future

research.

5.2 Discussion and suggestion

In this project, there are many methods that have done to aim our objective and
get perfect result. In this section, there will be discuss by separating our project into
two parts. First part will talk about optical alignment or hardware and how many
methods that aim until it works. Second part will talk about software development

including GUI and image processing methods.

5.2.1 Optical alignment

First summarize that optical alignment is very difficult to make it align because
when you suddenly move or touch it, the system was misaligned. And also, the
tolerance of optomechanical components is very significant in the endomicroscope
system. A Right-Angle Kinematic Mirror is added between the tube lens and CCD
camera sensor in order to provide a degree of freedom to the imaging part for
maintaining the image of the fiber bundle to be located on the center of CCD camera
sensor. In the illumination part, critical illumination is not suitable for a widefield
endomicroscope because the excitation beam is not projected uniformly to the proximal
end of the fiber bundle. In contrast, Kohler illumination is suitable for widefield
endomicroscope because it projects uniform excitation beams to the proximal end of
the fiber bundle. In a flexible fiber bundle endomicroscope, fiber cores use to relay the
image from a sample at the distal end of the fiber bundle to the proximal end of the

fiber bundle, where the image can further record by imaging sensors. Each fiber core
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in the fiber bundle is arranged in a coherent manner that makes the position of each
fiber within the bundle remain the same throughout the length of the bundle. With this
configuration, image elements are transmitted from one end of the bundle to the other
end with the same alignment. The number of pixels in the image is determined by the
number of fiber cores contained in the bundle. For example, the Fujikura FIGH-10-
350S is 350 um in diameter and contains 10,000 fiber cores. Smaller bundles are
available with lower pixel density because the number of cores is smaller. In addition,
the main difference between the fiber bundle imager and an array of individual normal
optical fibers is that every fiber core in a fiber bundle imager shares a common cladding
instead of having a separate cladding region. A fiber bundle has a relatively higher
numerical aperture (NA) or index contrast because it tightly confines the light and
reduces the inter-core crosstalk. The crosstalk between fiber core minimizes by keeping
inter-core spacing larger than the diameter of fiber cores. Furthermore, the bundle
strength is enhanced by wrapping fiber cores with a tough resin buffer layer. The dead
space between adjacent cores reduces the light transmission efficiency and creates a
pixelated or honeycomb structure in the image. Degrading image resolution by a
different method such as image morphology, image filtering, and image interpolation
can remove honeycomb artifacts of a fiber bundle. Furthermore, a personal computer is
required to perform all computations and to remove this artifact in real-time making it
better image quality for medical personnel. From the aforementioned, we proposed the
development of FOE with build-in image processing methods to eliminate a pixelation
artifact or a honeycomb structure from FOE in which this elimination increase the
image quality of captured images by removing unnecessary pixel contents by either
dilation or interpolation. Camera parameters can be adjusted to improve the image

quality either image contrast or signal to noise ratio of the image.

5.2.2 Optical fiber polishing and cleaving

Polishing the fiber or ferrule end faces of a fiber-optic connector critically
influences optical performance and is highly susceptible to error. Yet the polishing
process is neither difficult nor mysterious. Other steps in the connector termination

procedure, such as crimping, involve mechanically securing the fiber in the connector.
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As the final step, polishing prepares the fiber optically to ensure that defects and
nonuniformities in the fiber/ferrule end faces of geometry do not degrade the passage
of light across the connector joint. The compatibility of fiber bundle and bore diameter
of fiber connector is important fiber bundle centering on connector. In this project the
fiber bundle is offset from the center of the connector bore because the bore size is a

little bit too big for FIGH-10-350S.

An alternative cleaving method, typically used to remove unnecessary fiber
from the fiber connector before polishing, by scribe the surplus fiber. The scribe has a
hard, sharp tip, generally carbide or diamond, that is used to scratch the tensioned fiber
the surplus fiber can be removed from a fiber connector easily. Since both the scribing
and breaking process are under manual control, this method is less predictable
compared to a good cleaver but can produce sufficient results for polishing. It just needs
to ensure that the fiber breaks before a connector ferrules to ensure that the fiber does
not has damage before polishing then it can be polished properly. A cleaved fiber

surface should be flat and perpendicular to the optic axis.

5.2.3 Software part

The GUI can function properly without error during operation. It can
systematically save images of each patient and each case. This helps researchers to
distinguish images of each case in future. Image processing algorithms also enhance
the image quality by different approaches. Delaunay triangulation interpolation method
gives a smoother image, but it uses a long time for operation time. In contrast, dilation
method significantly reduces the inter-core spacing size of an image. In addition, the
dilation method requires only a short time for operation. Software can further develop

algorithms to improve the image contrast such as histogram equalization.

5.3 Conclusion

This research aimed to create an optical fluorescence endomicroscopy system for
cervical cancer screening and demonstrated an optical fluorescence endomicroscope by
testing with biological cells. FITC is used as fluorescein with LED illumination and
fluorescence filters set are compatible with fluorescein to imaging with a high signal-

to-noise ratio and specificity for FITC imaging probe. The custom graphical user
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interface software is used to perform both data acquisition and pre-processed data
images to improve the image quality.

The FOV and resolution of the FOE system are 325 um in diameter and 3.91 um,
respectively. Parameters represent when used a 20X objective lens with 325 pm image
circle diameter and 10,000 elements fiber bundle. Both parameters are slightly lower
than the capability of the fluorescence microscope because both parameters in FOE are
limited by the fiber bundle. The smaller fiber bundle has more flexibility and capability
to passed through narrower organs, but the trade-off is the FOV is smaller as the fiber
bundle smaller. The software can use to control the camera and enhance the image
quality, but it can be further improving by camera parameters control function and more
image processing to improve image quality.

This thesis will focus on development of fluorescence endomicroscope with
cellular resolution which can further test with FITC labeled peptide to perform
diagnostically relevant cervical cancer, thereby reducing the number of invasive, time
consuming, and expensive re-operations. This thesis will also serve as an important
base for researchers considering this or similar problems for developing and assisting

our country.
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APPENDIX A
Image dilation python code

import numpy as np

import cv2

from matplotlib import pyplot as plt
import time

img_name = 'filepath’
start = time.time()

image = cv2.imread(img_name, @)

kernel = np.ones((5,5),np.uint8)

dilated = cv2.dilate(image, kernel,iterations = 2)

end = time.time()

print("Elapsed (with compilation) = %s" % (end - start))
plt.imshow(dilated, cmap="gray’

plt.show()




APPENDIX B
Image Delaunay triangulation interpolation python code

import numpy as np

import cv2
matplotlib import pyplot as plt
scipy.interpolate import LinearNDInterpolator
scipy.interpolate import CloughTocher2DInterpolator
scipy.interpolate import NearestNDInterpolator
scipy.interpolate import griddata
scipy.spatial import Delaunay

import csv

import imutils

import time

filepathl = 'Reference image'

filepath2 ‘Image’

image = cv2.imread(filepathl)

image2 = cv2.imread(filepath2,cv2.IMREAD_UNCHANGED)

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

image2 = cv2.cvtColor(image2, cv2.COLOR_BGR2GRAY)

blurred = cv2.GaussianBlur(gray, (3, 3), 9)

ret, thresh = cv2.threshold(blurred, 220, 255, cv2.THRESH BINARY)

cnts = cv2.findContours(thresh.copy(), cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_NONE)

cnts = imutils.grab_contours(cnts)

points = []

values = []

X =[]

v =[]

for c in cnts:

(Xx,y),radius = cv2.minEnclosingCircle(c)
points.append((int(y),int(x)))
grid_x, grid_y = np.mgrid[0:2704:27047j, ©:3376:33767 ]
start = time.time()
pointss = [coordinate for coordinate in points]
values = [image2[coordinate] for coordinate in points]

grid z@ = griddata(pointss, values, (grid_x, grid_y), method='linear"')

img = grid z@.astype(np.uint8)

end = time.time()

print(“"Elapsed (with compilation) = %s" % (end - start))
plt.imshow(img, cmap="gray")

plt.show()
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APPENDIX C

GUI application python code

import sys

import csv

from PyQt5.QtCore import *

from PyQt5.QtGui import *

from PyQt5.QtWidgets import *

import sys

import cv2

import numpy as np

import os

import datetime

import errno

import imutils
scipy.interpolate import LinearNDInterpolator
scipy.interpolate import CloughTocher2DInterpolator
scipy.interpolate import NearestNDInterpolator
scipy.interpolate import griddata
scipy.spatial import Delaunay

import timeit

from time import sleep

import EasyPySpin

class Mainwindow(QDialog):
class VideoThreadl(QThread):
change_pixmap_signal = pyqtSignal(np.ndarray)
def __init_ (self, myvar, parent=None):
QThread.__init_ (self, parent)
self.camera = myvar

def run(self):

while True:
ret, cv_img = self.camera.read()
if ret:
.change_pixmap_signal.emit(cv_img)

VideoThread2(QThread):
change_pixmap_signal = pyqtSignal(np.ndarray)
__init_ (self, myvar, parent= ):
QThread. init ( , parent)
.camera = myvar
.kernel = np.ones((3,3),np.uint8)
.camera = myvar




run(self):

while
ret, cv_img = .camera.read()
if ret:
gray = cv2.cvtColor(cv_img, cv2.COLOR_BGR2GRAY)
blurred = cv2.medianBlur(gray, 7)
dilated cv2.dilate(blurred,self.kernel,iterat
ions =
c_dilated = cv2.cvtColor(dilated, cv2.COLOR_RGB
A2BGR)
self.change pixmap_signal.emit(c_dilated)

class VideoThread3(QThread):

change_pixmap_signal = pyqtSignal(np.ndarray)

def __init__ (self, myvar, myvar2, parent=None):
QThread. init (self, parent)
self.camera = myvar
self.points = myvar2
self.list = myvar2
self.i =0
self.YY = 2704
self. XX = 3376
self.YYY = np.linspace(@, self.YY, self.YY)
self.XXX = np.linspace(@, self.XX, self.XX)
self.XXX, self.YYY = np.meshgrid(self.XXX, self.YYY)
self.Z = np.zeros((self.YY, self.XX),np.uint8)
self.grid x, self.grid y = np.mgrid[0:2704:27047]j, 0:3376:33

self.kernel = np.ones((3,3),np.uint8)
self.camera = myvar

def run(self):

while True:
start = timeit.default_timer()
ret, cv_img = .camera.read()
if ret:
.image = cv2.dilate(cv_img, .kernel,iter

.pointss = []
.values = []
gray = cv2.cvtColor( .image, cv2.COLOR_BGR2G




.values = [gray[coordinate] for coordinate

.pointss = [coordinate for coordinate in

grid_z@ = griddata(self.list, self.values, (s
self.grid_y), method='cubic")

img = grid_z@.astype(np.uint8)

c_dilated = cv2.cvtColor(img, cv2.COLOR_GRAY2BG

self.change_pixmap_signal.emit(c_dilated)
stop = timeit.default timer()
self.pointss = None

self.values = None

print('Time: ', stop - start)

lef init (self):
super(Mainwindow, self). init ()
self.list, self.values = [],[]
filepath = "'
with open(filepath,'r') as csvfile:
reader = csv.reader(csvfile, delimiter=",")
for row in reader:
self.list.append((int(row[@]),int(row[1])))
.setFont(QFont('Arial’, 15))
J1list = [(list[@]+30,1ist[1]+122) for list in self.list]
self.cap = EasyPySpin.VideoCapture(0)
self.menubar = QVBoxLayout()
self.menubar.setContentsMargins(@, 0, 0, 0)
titles = ['Home', 'Camera', 'Exit']
frameID = [0, 1, 2]
buttons = [QPushButton(title) for title in titles]
tag titles = ['Patient ID', 'Case ID', 'Name Surname']
tag IDs = [0, 1, 2]

.tags = [QLineEdit(), QLineEdit(), QLineEdit()]
for tag title, n in zip(tag titles, tag IDs):
.tags[n].setPlaceholderText(tag title)
labelImage = QLabel()
convert_to_Qt_format = QImage('BME_logo.png')
p = convert to Qt format.scaledToWidth(250)




labelImage.setPixmap(QPixmap.fromImage(p))
labelImage.setAlignment(Qt.AlignHCenter)
.menubar.addWidget(labelImage)
.button_group = QButtonGroup()
.button_group.addButton(buttons[@], frameID[Q])
.button_group.addButton(buttons[1], frameID[1])
.button_group.addButton(buttons[2], frameID[2])
self.menubar.addWidget(buttons[0])
self.menubar.addWidget(buttons[1])
verticalSpacer = QSpacerItem(20, 40, QSizePolicy.Minimum, QSize
Policy.Expanding)
self.menubar.addItem(verticalSpacer)
self.menubar.addWidget(buttons[2])
buttons[0].setCheckable(False)
buttons[1].setCheckable(False)
buttons[2].setCheckable(False)
buttons[0].setMinimumHeight (50)
buttons[1].setMinimumHeight(50)
buttons[2].setMinimumHeight(50)

scale_factor = 0.5625

width = 1600

self.path = "'

self.image_label = QLabel()
self.image_label.setAlignment(Qt.AlignHCenter)
self.capturebutton = QPushButton("Capture")

self.mode_selection = QPushButton("Acquisition Mode")
self.disply width = width

self.display_height = int(width * scale_factor)
self.image_label.resize(self.disply width, self.display_height)

self.capturebutton.setShortcut('c')
self.mode_selection.setShortcut('a")
self.stackl = QWidget()
self.stack2 = QWidget()

self.stacklUI()
.stack2UI()

.Stack = QStackedWidget ( )
.Stack.addWidget ( .stack1l)
.Stack.addWidget ( .stack2)

= QHBoxLayout ( )
addLayout ( .menubar, 12)
addWidget( .Stack, 88)




hbox

.setSpacing(9)

.setLayout (hbox)
.button_group.idClicked.connect( .display)

buttons[2].clicked.connect( .closeEvent)

self
self

self
hread2(myvar
self.list)]

for

def stac
vert
Policy.Expan
layo
layo
labe
conv

p:
labe
labe
layo
pati

.capturebutton.clicked.connect( .on_click)
.mode_selection.clicked.connect( .choose)
.setGeometry(10, 10, 1920, 1080)
.setWindowTitle( 'StackedWidget demo")

.thread = [self.VideoThreadl(myvar = self.cap), self.VideoT
= self.cap), self.VideoThread3(myvar = self.cap, myvar2 =

i in range(len(self.thread)):
self.thread[i].change_pixmap_signal.connect(self.update_ima

self.thread[i].setTerminationEnabled(True)
.kernel = np.ones((5,5),np.uint8)

.thread[0].start()
.mode_label = ['Normal mode', 'Dilation mode', 'Interpolation

mode = 1
.mode_selection.setText(self.mode_ label[self.mode-1])

k1UI(self):

icalSpacer = QSpacerItem(20, 40, QSizePolicy.Minimum, QSize
ding)

ut = QVBoxLayout()

ut.addItem(verticalSpacer)

1Image = QLabel()

ert_to_Qt_format = QImage('login_logo.png')

convert_to_Qt format.scaledToWidth(300)
1Tmage.setPixmap(QPixmap.fromImage(p))
1Image.setAlignment(Qt.AlignHCenter)
ut.addwidget(labelImage)

ent_id_label = [QLabel('Patient ID'), QLabel('Case ID"'), QL

abel('Patient Name & Surname')]

pati
pati
pati
pati
pati

ent _id label[@].setAlignment(Qt.AlignHCenter)
ent id label[1].setAlignment(Qt.AlignHCenter)
ent_id label[2].setAlignment(Qt.AlignHCenter)
ent _id label[@].setFont(QFont('Arial', 15, QFont.Bold))
ent_id label[1].setFont(QFont('Arial’, 15, QFont.Bold))




patient _id label[2].setFont(QFont('Arial’', 15, QFont.Bold))
.tags[0].setAlignment(Qt.AlignHCenter)
.tags[0].setFont(QFont('Arial', 15))

.tags[1].setAlignment(Qt.AlignHCenter)
.tags[1].setFont(QFont('Arial’, 15))

self.tags[2].setAlignment(Qt.AlignHCenter)
self.tags[2].setFont(QFont( Arial’, 15))

layout.addWidget(patient_id_label[@])
layout.addWidget(self.tags[@])
layout.addWidget(patient_id_label[1])
layout.addWidget(self.tags[1])
layout.addWidget(patient_id_label[2])
layout.addWidget(self.tags[2])
loginbutton = QPushButton("Login")
loginlayout = QHBoxLayout()
horizontalSpacer = QSpacerItem(100, 20, QSizePolicy.Minimum, QS
izePolicy.Expanding)
loginlayout.addItem(horizontalSpacer)
loginlayout.addwWidget (loginbutton)
loginlayout.addItem(horizontalSpacer)
layout.addLayout(loginlayout)

self.stackl.setLayout(layout)
loginbutton.clicked.connect(self.GoToCamera)

def stack2UI(self):
layout = QVBoxLayout()
layout.addWidget(self.image label)
layout.addWidget(self.mode_selection)
layout.addWidget(self.capturebutton)
self.image label.setAlignment(Qt.AlignCenter)

self.stack2.setlLayout(layout)
@pyqgtSlot(np.ndarray)
update_image(self, cv_img):
"""Updates the image label with a new opencv image

gt_img = .convert_cv_qt( .processingMode(cv_img, 1))
.image_label.setPixmap(qt_img)

convert _cv_qt(self, cv_img):
"""Convert from an opencv image to QPixmap
rgb_image = cv2.cvtColor(cv_img, cv2.COLOR_BGR2RGB)




h, w, ch = rgb_image.shape

bytes per _line = ch * w

convert_to Qt_format = QImage(rgb_image.data, w, h, bytes per_ 1
ine, QImage.Format RGB888)

p = convert_to Qt format.scaled( .disply width, .display
_height, Qt.KeepAspectRatio)

return QPixmap.fromImage(p)

def on_click(self):
framel, iml = self.cap.read()
self.image = iml

now = datetime.datetime.now()
self.dl = now.strftime("%d_%m_%Y %H %M %S %f")[:-3]
for i in range(1,4):
im = self.processingMode(self.image, i)
image name = self.dl+'('+str(i)+').jpg’
cv2.imwrite(os.path.join(self.path, image name), im)
print('CAP")

display(self,i):
NG INE- <
self.Stack.setCurrentIndex(i)
elif i ==
self.GoToCamera(i)

def GoToCamera(self, i):
self.path = os.getcwd() + '/' + self.tags[0].text() + '_' + self.
tags[2].text() + '/' + self.tags[1].text()
tags_status = [0, 0, O]
for i in range(len(tags_status)):
tags_status[i] = self.checkTags(self.tags[i])
if np.all(tags_status):
try:
os.makedirs(self.path)
except OSError as e:
if e.errno != errno.EEXIST:
raise print('Patient record is alrady exist')
.Stack.setCurrentIndex(1)
else:
warning text =
warning_texts = ['Please enter patient ID.', 'Please enter cas
e ID.', 'Please enter patient name and surname.']
msg = QMessageBox()
msg.setIcon(QMessageBox.Warning)
msg.setWindowTitle("Invalid input(s)")




for i in range(len(tags_status)):
if tags_status[i] == ©:
warning text = warning_text + warning_texts[i] + '\n'
msg.setText(warning text)
msg.exec_()

closeEvent(self, event):
self.cap.release()
self.close()

def checkTags(self, a):
if a.text() == '':
self.Stack.setCurrentIndex(9)
return 0
elif a.text() != "":
return 1

choose(self):
self.threatControl(self.mode)

threatControl(self, mode):

self.thread[int(mode - 1)].terminate()
self.thread[int(mode % len(self.thread))].start()
self.mode = int((mode % len(self.thread)) + 1)
print(self.mode)
self.mode_selection.setText(self.mode_label[self.mode-1])

processingMode(self, cv_img, imageProcessingMode):
if imageProcessingMode ==
return cv_img
elif imageProcessingMode ==
gray = cv2.cvtColor(cv_img, cv2.COLOR_BGR2GRAY)
blurred = cv2.medianBlur(gray, 7)
dilated = cv2.dilate(blurred,self.kernel,iterations = 1)
c_dilated = cv2.cvtColor(dilated, cv2.COLOR_RGBA2BGR)
return c_dilated
elif imageProcessingMode ==
start = timeit.default timer()
.pointss = []
.values = []
gray = cv2.cvtColor(cv_img, cv2.COLOR_BGR2GRAY)
blurred = cv2.medianBlur(gray, 7)
dilated = cv2.dilate(blurred, .kernel,iterations = 3)

.grid_x, .grid_y = np.mgrid[0:2704:27047j, 0:3376:33




.values = [dilated[coordinate] for coordinate in

.pointss = [coordinate for coordinate in .list]
grid z@ = griddata( .list, .values, ( .grid x,
method="cubic")
img = grid z@.astype(np.uint8)
c_dilated = cv2.cvtColor(img, cv2.COLOR_GRAY2BGR)
stop = timeit.default_timer()
self.pointss = None
self.values = None
print('Time: ', stop - start)
return c_dilated

def main():
app = QApplication(sys.argv)
print(QStyleFactory.keys())
app.setStyle('Fusion')
ex = Mainwindow()
ex.showFullScreen()
sys.exit(app.exec_())

if _name__ == ' main__
main()
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