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ABSTRAK

Kebanyakan kaedah penilaian kulit digunakan dalam amalan klinikal menggunakan
deria visual dan sentuhan pakar dermatologi untuk menilai ciri-ciri dan syarat-syarat
penyakit kulit. Walau bagaimanapun, penilaian bersifat subjektif dan menyebabkan
perbezaan hasil penilaian ﬁntara penilai. Kajian ini menyiasat masalah ukuran
kekasaran kulit untuk penilaian luka psoriasis. Psoriasis adalah penyakit kulit yang
tidak boleh diubati. menjejaskan 2-3% penduduk dunia. Psoriasis scaliness adalah
parameter penilaian utama daripada Psoriasis Area and Severity Index (PASI) vang
bersitat subjektif. PASI scaliness menentukan jumlah sisik pada permukaan luka.
Kajian ini mencadangkan penggabungan algoritma 3D surface roughness dan teknik
clustering untuk menentukab markah PASI scaliness secara objektif. High order
polvnomial surface fitting d.igl:inakan untuk menganggarkan 3D waviness surface.
Algoritma ini telah disahkan pada kekasaran berstandard dan permukaan
melengkung ménggunakan 390 model luka dan patung medik. Kekasaran permukaan
" yang diukur sangat bresesuaian (0,989) kepada model luka dengan pelbagai gred
- kekasaran dan algoritma juga telah disahkan di permukaan patung medik dengan
ketepatan 94.12 %. Algoritma pengukur kekasaran digabungkan dengan algoritma
unsupervised clustering bagi membolehkan penilaian objektif untuk pemarkahan
PASI scaliness. Sistem pengklasifikasi ini dibuat dengan menggunakan 1,999 luka
psoriasis yang dikumpulkan daripada kajian klinikal melibatkan 204 pesakit di
Jabatan Dermatologi, Hospital Kuala Lumpur. Dua kaedah unsuprevised clustering,
k-means dan fuzzy c-means (FCM) telah digunakan untuk membuat empat kelompok
vang ditakrifkan untuk mewakili empat set markah PASI scaliness. Teknik statistik
' kgalitatif‘ menggunakan pekali Kappa digunakan dalam kerja-kerja penyelidikan int

untuk menilai variasi penilaian antara dua pakar dermatologi dan dua imbasan

pengukuran 3D berturutan pada 324 luka. Pekali Kappa antara dua pakar .... ...

dermatologi didapati 0.55 (dengan itu tidak boleh dianggap sebagai ground truth)
manakala pekali Kappa antara dua imbasan pengukuran 3D secara berturutan adalah
0.8473 (k-means) dan 0,8708 (FCM). Kesesuaian hasil penilaian ini dianggap
sempurna (> 0.81) dan dapat mengurangkan isu subjektiviti. Hasil kajian tesis ini
menunjukkan bahawa algoritma yang dibangun membolehkan sistem pengukuran

objektif untuk penilaian PASI scaliness luka psoriasis dalam amalan klinikal.
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CHAPTER 1
INTRODUCTION

This chapter discusses related research arcas namely skin assessment and analysis.
subjectivity of skin assessment, and skin roughness measurement, in formulating
research problems of the thesis. The research objectives and hypotheses. and scope
of work are discussed in the subsequent sections. The chapter ends with a summary

of the thesis organisation.

1.1 Background and Motivation of Research

Various skin assessment methods are available for skin analysis in ciinical practice.
Most of these methods employ visual and tactile senses. Features of skin discase and
their conditions such as colour, thickness, volume, or surface roughness arc used as
physical characteristics in these methods. These skin features which are regarded as
assessment parameters are then observed, perceived and scored by dermatologists in
determining severity of a particular skin condition.  However. such assessments
could lead to intra- and inter-rater variations due to subjectivity element in the

dermatologists’ assessments.

The need to analyse the severity of various skin diseases or disorders and their
conditions (severity) through visual and tactile senses has resulted in the
development of various skin disease-scoring methods. Skin disease asscssment by
quantifying the disease severity is common in clinical diagnosts as reported mn the
Medal website, listing 65 skin disorders that apply scoring method for its assessment.
Many scoring methods have been developed; in the Medal website alone. a total of
313 methods are listed |1]. Disease severity is characterised by a score derived from

the scores of observed parameters.



In this research, the problems of skin roughness measurement for psoriasis
assessment are investigated in order to develop practical solution for daily practice.
Psoriasis refers to a common chronic skin disease that affects about 2 - 3% of world
population [2][3]. Neimann et al. summarised the psoriasis prevalences from
epidemiological studies around the world. The prevalence varies from 0.6 to 4.8%
[4]. In a recent study, Chandran er al. also reported the variety of psoriasis
prevalence among regions. The variation of psoriasis prevalence from several
countries is 0.60-6.50% in Europe, 0.70-3.15% in North and South America and
0.08-4.00% in Africa. In Asia and Australia the psoriasis prevalence of observed
countries is reported to be 0.05-5.30% and 2.30%-2.57%, respectively [5]. The
Dermatological Society of Malaysia reported a psoriasis prevalence of 3% in
Malaysia [6]. In the period of 2005-2010, the Dermatology Department of Hospital
Kuala Lumpur registered 3,906 psoriasis patients of a total of 75,883 hospital’s

patients, giving an incidence of 5.2% [7].

Psoriasis is characterised by red plaques that can occur in a localised area of the
body or it can be widespread all over the body. Psoriasis itself refers to an incurable
but treatable skin disease in which the immune system sends wrong signals that
accelerate the cycle of skin cells’ growth. In normal conditions, skin cells grow in a
cycle of about 28 days but for psoriasis new skin cells grow faster, taking about 4
days to produce as many skin cells as in normal skin [8]. This disease is distressful
to the patient as the skin is itchy all over and the condition can last for a long
durations [9]. Even though psoriasis is not a contagious disease, recent studies have
shown that psoriasis can significantly impact on quality of life with many psoriasis
patients experience social and psychological problems with their environment [10].

Figure 1.1 shows examples of plaque psoriasis lesions on several body regions.

Figure 1.1 Plaque psoriasis lesions grow on several body regions (left to right):
head, upper limb, trunk, and lower limb regions.
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The skin is comprised of several main skin layers. The epidermis is the outer
layer and the dermis at the inner part. The next layer located under the epidermis is
subcutaneous layer. The epidermis is made by stacking of skin cells. The living
cells in the inner layer and the dead cells at the outer layer. In this layer, the skin
cells are produced and maturated to replace the dead skin cells. The dead skin cells
at the outermost epidermis layer form a tough, flexible, and waterproof mantle on the
skin surface. These cells are shed periodically from the skin surface as keratinous

scales.

The dermis forms skin characteristics such as resistance from tearing and its
elasticity. This layer contains a thick network of coliagen and elastic fibres. Blood
vessels (artery and vein), lymphatics, nerve fibres, connective tissue cells, and
immune cells are also compacted in the dermis layer. The deepest layer,
subcutaneous tissue or hypodermis is not considered the real part of human skin.
However, this layer has significant contributions to enable protective functions of
human skin. The hypodermis comprises mainly of adipose tissue and some areolar
connective tissues. This layer fixes the skin to the body, stores fat reserve, and
works as thermal and mechanical insulations. Excessive amount of the adipose can
thicken the hypodermis layer. The arrangement of these three main layers -

epidermis, dermis, and subcutaneous layer - are depicted in Figure 1.2.

Hair shaft

Epidermis Sweat gland pore

Capiliary
Touch receptor

Fibrotiast

Sweat gland duct
Sebaceous gland
Arrector pill muscle
Hair follicle

Sweat gland

Nerve fiber

Dermis

Subcutaneous —
laryar

Adipose cells

Blood vessels

Muscle layer
below skin

Figure 1.2 Human skin is composed by several skin layers [11].
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Stratum corneum is considered as the outermost layer of the skin structure and
located at epidermis layer. It protects the living skin layers from the environmental
harmfulness and is constructed by around twenty layers of densely packed
keratinocytes, the main cell of the epidermis layer forming 95% of the skin cells
[12]. The other skin cells are merkel, melanocytes, and langerhans. These cells are
interlocked each other to construct some brick-like layers. In the inner part, several
new keratinocytes arc created to replace the older cells at the outer layers. Once
created, a keratinocyte will gradually migrate from the inner to the outer layer. With
this migration, the old and the dead keratinocytes at outer layer can be replaced by
the keratinocytes from the inner layers [13]. The keratinocyte will transform its
shape during the layer migration, from a round shape into a plate shape. This
transformation process is known as differentiation. In the end of skin cell cycle, the
dead keratinocyte will automatically flake away from skin surface. This final stage
is known as the desquamation process. Human body can shed 30,000 to 40,000 dead
skin cells from its surface every minute. This shedding amount equals 4.08 kg of
cells annually [14]

The growing process of skin cell, including keratinocyte, occurs through several
layers of skin epidermis. The migration process of keratinocyte through the layers
within epidermis is considered as a lifetime cycle of skin cell in which a cycle
normally spends 28 days approximately. The process of skin cell regeneration is

divided into four stages.

First stage, a new cell is generated from cell division in the lowest layer of the
subcutis, Z.e. the basal layer. In second stage, the cell shape is flattened following the
cell migration to the outer layers. The cells are now located in stratum spinosum
layer. This layer contains large cells with prickle contour on the surface profile. For
the third stage, skin cells move to stratum granulosum layer above the stratum
spinosum layer. In this stage, the cell size becomes smaller compared to its previous
size. Lastly, in the fourth stage, the cells will perish at stratum corneum and fall off

from the skin surface. Figure 1.3 depicts the life stages of skin cell.
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Figure 1.3 The stages of skin growing at epidermis layers. The picture is reproduced
from [15], [16], [17].

At higher severity of psoriasis, the lesion gets thicker with coarse white scales.
The psoniasis lesions can affect any part of skin particularly on the elbows, knees,
scalp, palm of the hand, chest, lower back, leg, soles and nails [18]. A periodic
medical treatment for psoriatic patient is important, as the disease cannot be
completely cured. Figure 1.4 shows several body parts affected by psoriasis lesions.

The images are acquired from data collection sessions at Dermatology Department,

Figure 1.4 Psoriasis lesions are found in various parts of the body such as trunk (1),
upper limb (2), lower limb, eibow (4), and forehead (5).



1.2 Problem Statements

The PASI (Psoriasis Area and Severity Index) scoring method is known as gold
standard for the severity assessment [19]. Six clinical severity scores i.e. PASI,
BSA., PGA, LS-PGA. SPI, and SAPASI for psoriasis assessment has been
systematically reviewed by Bonsard et al. [20]. Based on the review, there is no
psoriasis severity scoring that meets all of the required validation criteria.
Nevertheless, PASI scoring has been recommended for clinical study. Thus, PASI is
considered the reference for having been widely applied in clinical studies and being

the most validated among the psoriasis scoring methods [20].

PASI scoring method was introduced by Fredriksson and Pettersson in 1978.
The method was proposed to evaluate a clinical efficacy of a new anti psoriatic drug
{21]. To determine total PASI score, four parameters, i.e. area (ratio of lesion area to
total body surface area), erythema (colour of lesion inflammation), lesion thickness.
and scaliness of the lesion are required. In PASI assessment, the human body is
divided into four regions namely, head, trunk, upper limbs and lower limbs. The
PASI parameters of the psoriasis lesions are determined for each body region.
Dermatologists use their visual and tactile senses to score the PASI parameter. The
parameter scores from each region are weighted and totalled to provide a PASI score
ranging from 0 — 72, For the treatment efficacy, dermatologist refers at least a 75%
reduction in PASI score is considered to be a clinically meaningful improvement

[19]. The PASI score is calculated from following equation:

PASI = 0.1 X (E, + T, + Sp)A, + 0.2 %X (E, + T, + S DA, + (1-1)

0.3 x (Et + T + St)At + 0.4 X (El + 7T, + S[)Al

Score ranges for PASI erythema (E), thickness (7), and scaliness (S) are from 0 to 4
whereas the range for PASI area (4) is from 0 to 6. Four body regions namely, head,
upper hmb, trunk, and lower limb are denoted by subscripting &, wu, ¢, and !/
respectively for each PASI parameter. Variable E, for instance is used to represent

PASI erythema score at the head region.



The scaliness parameter is selected as PASI parameter studied in this research.
For PASI scaliness assessment, dermatologists observe several lesions that are
appeared on an examined body region. The PASI scaliness scores are then given to
these lesions. Dermatologists assign a scaliness score of the examined body region
based on the commonest score of the lesions. To minimise tediousness in PASI]
scaliness assessment. a simplified procedure is performed by dermatologists by
selecting a representative lesion for the examined body region. The score obtained

from a representative lesion is then considered as scaliness score for the body region.

Although the PASI scoring has been accepted as the gold standard for psoriasis
assessment, it is not used in daily practice. PASI scoring is tedious. time-consuming
(£ 30 minutes/patient) and subjective. Four parameters must be determined at four
body regions (a total of 16 assessments). The subjectivity of the scores is influcnced
by intra and inter-rater variation of dermatologists. Reliability and agreement of
dermatologist assessments are of concerned in many studies.  Assessment
agreements between self assessment and dermatologist on benign melanocytic nevi
patients are studied in [22]. Agreement study is also conducted to evaluate a new
method for burn scar assessment {23]. A better assessment method can be decided
bascd on the results of agreement analysis. Therefore. an objective and reliable

system is required to deal with these problems.

An imaging approach to overcome the aforementioned problem is proposed to
assess PASI scaliness objectively. Imaging technology is also advantageous as it is
can be designed to recognise skin diseases in their early stages known as the pre-
disease diagnosis. As seen in chronic dermatoses, the disease is preceded by some
changes. The changes may occur - even for years prior to the disorder being
clinically observed [24]. This achievement can be illustrated by prevention of
rosacca skin disease. This disease is characterised by reddening on facial area. The
dilated blood vesscls cause increasing the redness of the skin. It can occur especially
in the central face region - across the cheeks. nose. and forehead. Most of rosacea
cases oceur 1n adult ages (30 to 50) and people with fair skin [25]. However, in early

stages. the reddening symptoms on face area cannot be visually observed.



Video microscope with polarised light has been used to reveal a network of
invisible dilated blood vessels underneath the skin surface. Subsurface structures can
be clearly observed by applying polarised light imaging whereas finer details of
blood vessels are obtained by microscope [26]. The method can detect the vessels at
early stages, e.g. when the patient age is less than 10 years old. Since the method
enables to detect early stages, mild topical treatments may be applied to slow down

progression of rosacea [24].

Images of rosacea patterns obtained from digital camera and microscope are
shown in Figure 1.5 (a) and Figure 1.5 (b) respectively. Polarising filters on both
acquisitions can reveal the vessels patterns even though they are located in
underneath skin surface. Microscopic magnification 100x is used to obtain Figure
1.5 (b). Higher magnification - 200x - is applied to see the details as show in the
inset image of Figure 1.5 (b} [27] [28].

@ ()

Figure 1.5 Patterns of rosacea blood vessels are acquired by (a) digital camera and
(b) microscope.

To achieve objective assessment, the PASI scaliness visual descriptors are
studied and defined in terms on surface roughness, a measurable feature that can be
used to differentiate PASI scaliness scores. Abnormality of skin can be identified
through several skin symptoms, such as itching skin, skin lesion, mole symptoms,
acne, skin colour changes, redness, etc [29]. Skin lesions can be caused by various
diseases. A total of 422 diseases that can cause skin lesions are listed in
RightDiagnosis website [30]. A skin lesion is a superficial growth or patch of the
skin that does not appear as surrounding normatl skin [31]. Skin lesion appearance is
specified by visual and tactile descriptions based on primary morphology (size, shape

and thickness), secondary morphology (clustered or distributed), surface texture
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(roughness). location and colour {32]. A texture determination of normal and
abnormal skin surface is crucial in the field of dermatology measurements.
particularly in the evaluation of therapeutic or cosmetic treatments. SKkin surface can
be characterised by physical features. such as dryness. smoothness. thickness. and

roughness.

Dermatologists conduct PASI scaliness assessment based on some descriptions
of a visual appearance. These descriptions are used as a standard guidance for
detcrmiriing the PASI scaliness scores. In the proposed approach. surface roughness
features are required to represent scaliness severity. The correspondence between
surface roughness of psoriasis lesion and severity stages needs to be investigated and
defined by surface roughness parameter(s) that can measured from digital surface

1mage data.

‘The current problems of PASI scaliness assessment and surface roughness

measurement are formulated as follows:

= Dermatologist assessment can be subjective due to intra- and inter-rater
variability of human assessment. The subjectivity depends on the perceplion

and the clinical experience of the dermatologist.

= Objective skin assessment might be performed objectively but the available
methods require an invasive treatment on the measured skin. A tiny skin cut
is sampled from the patient and then analysed using a scanhing electron
microscopy. Trained and experienced medical personnel are required to

properly prepare and analyse the skin sample.

» A non-invasive method can be applied to obtain a high accuracy
measurement on surface roughness. However, several methods need a skin
replica as a representation of the actual skin surface. The skin replica is
required because the measuring process uses a precise profilometer (sharp
needle or laser beam) to extract the profite of skin surface. Though being
able to provide measurement results with high accuracy, this method in
clinical practice is not so practical. In addition, well-trained personnel are

required to build qualified skin replica and operate the profilometer system.
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Digital image analysis of skin surface roughness for scaliness classification is
proposed to resolve the aforementioned problems. 3D imaging algorithm and
clustering algorithm can be applied in the proposed approach. However, there are

challenges that need to be overcome in this approach. The challenges are as follows:

* Difficulty in an assessment of lesion surface roughness on curved skin
surfaces. The roughness assessment should be able to measure the vertical

deviation of the lesion surface at various points on human body surface.

* To determine vertical ‘deviations on lesion surface. a reference surface is
required to be a zero —point of vertical distanee measuremeﬁt as commonly
applied in industrial applications. However, there are no such surfaces on the
skin that can be referred as the zero .point. The reference surface needs to be

determined before the vertical deviations can be computed.

* Dermatologists’ assessment results cannot be considered as a ground truth for
evaluating algorithm performance due to subjectivity influences on

assessment results.

1.3 Research Hypothesis

[n this research work, two primary hypotheses are defined. The hypotheses can

be described as follows:

a. The first hypoihesis is a lesion surface is a superimposed surface between
two surfaces - curved and rough surfaces. To prepare surface roughness
determination, these surfaces need to be extracted from the lesion surface.
Surface roughness of lesion is calculated by averaé’mg the vertical-deviations
of the rough s'ljffa'c'é." Vertical deviation due to.the lesion is dete‘rrnined by
subtracting lesion surface from an estimated waviness obtained by fitting a
polynomial surface to lesion surface. Most of the estimated waviness
surfaces have the form of curved surfaces.

b. The second hypothesis defines that surface roughness of the lesions can be
used to build clustering algorithm for PASI scaliness scoring. With

availability of large datasets, an unsupervised clustering algdrithm can be
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applied to obtain the boundary levels of lesion surface roughness for PASI

scaliness scoring,

Figure 1.6 depicts the cross-sectional view of a skin lesion on normal skin
surface. Vertical deviations of lesion surface can be either positive or negative and

the average of deviation magnitudes is used to represent surface roughness of the

lesion.

. . Lesion surface
Estimated waviness —

Normal skin

Figure 1.6 Cross-sectional view of a skin lesion on normal skin surface.

1.4 Research Objectives

‘I'wo rescarch objectives are specitied tor the thesis. These objectives are described

as follows:

a. The first research objective 1s to develop 3D imaging algorithm for accurately
measuring the surface roughness of skin lesions. The algorithm must be valid
tor all skin lesions that appear at any body parts.

b. The second objective is to develop an objective and reliable PASI scaliness

scoring using an unsupervised clustering technique on surface roughness of

skin lesions.
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1.5 Scope of Work

Three items in the scope of work have been identified that limits the coverage of
the research. The limitations are defined for the type of skin discase, PASI
parameter, and the size of acquired images. The type of psoriasis lesion in the
research work 1s limited to plaque psoriasis. This is the commonest types of
psoriasis accounting around 80% of psoriasis cases. Other psoriasis types are
flexural, guttate, pustular, nail psoriasis, psoriatic arthritis and erythrodermic [4].
The Malaysian Psoriasis Registry found that the percentage of plaque psoriasis in
Malaysia reaches 80.9% [33]. Surface roughness of psoriasis lesion is determined by
applying 3D image analysis on scanned lesion surface. The PASI parameter studied
in this research is limited only to PASI scaliness. The other parameters — area,
erythema, thickness - are not considered since the surface roughness is not involved

in the scoring process of the parameters.

‘The measured area is limited to the maximum area of 3D scanner used in this
research. The maximum measured area is 40 x 30 mm® and the vertical heights are
stored as a matrix with 640 x 480 data points in size. Figure 1.7 shows an example
of 3D lesion surface taken by using 3D optical scanner., This image is a second
sample of psoriasis lesion. The image is acquired from upper limb region of a

psoriasis patient at Dermatology Department, Hospital Kuala Lumpur.

Figure 1.7 An example of 3D lesion surface obtained from psoriasis patient.

This localised measurement is not contrary with the clinical procedure of PASI
assessment. In real situations, the dermatologist scores several representative lesions

one by one even though there are several lesions at the same body region (head.
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upper limb. trunk, or lower limb). The score given for a body region is determined
by selecting the commonest PASI scores of psoriasis lesions at the same body region.
The same procedure can be conducted by applving the proposed method. The
surface medsurement can be conducted repeatedly to another lesion located at the
same region. Patient data profile, such as gender, age. ethnic. and medical history
would not be considered in this study. There is no significant difference on scale

surface appearances based on those parameters.

1.6 © Organisation of the Thesis

The thesis is organised into six chapters including the first chapter. Chapter 1
introduces béckground of the research work. initially by illustrating the current
method on skin assessment and analysis. The method can sutfer from an assessment
inconsistency due to human subjectivity. Skin roughness is one of the common
features used in the skin assessment. The feature is intensively studied in this work
for having a relationship with the scaliness characteristic of psoriasis lesion.
Research problems and objectives are formulated in this chapter as well as a research
hypothesis on imaging method for skin roughness analysis. Scopes of work. such as
the type of skin disease. studied PASI parameter and acquired image are defined
afterward. In the final section, organisation of the thesis details the thesis content

started from chapter | to 6.

Chapter 2 presents a medical review of the skin structure and the clinical features.
of skin disease. This chapter begins by describing the physical structure of human
skin. Layers types and its function are mentioned as well. Psoriasis, a well-known

skin disease, is studied in this research work.

Chapter 3 furthermore describe;s related methods that are used for surface
roughness analysis. Surface roughness initially is determined by drawing a stylus on
the measured surface known as mechanical surface profilometrv method. Several
imaging technologies for surface analysis, such as laser profilometry. speckle
imaging. microscopy imaging, and structurcd light projection arc developed to
enable 3D surface acquisition. Surface roughness is determined from the extracted

roughness component of surface profile. To extract roughness components from the
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unwanted components, surface filtering methods have been developed. This section
presents the commonest filters for surface filtering i.e. Fourier transtorm. Gaussian
filter, wavelet filtering, and polynomial surface fitting. Calculation of surface
roughness parameter is then performed on filtered surface to obtain measured surface
roughness. In this section, three roughness parameters; those are frequency-based
parameter, amplitude-based parameter, and fractal parameter are reviewed.
Applications of surface roughness measurement for manufacturirig and medical

purposes are provided in this chapter.

. Chapter 4 describes the development of surface roughness algorithm. In the first
stage. surface roughness is simulated as a computational model of lesion surface.
Eé_timated waviness is extracted from the computed model for testing the
péi‘fq'rmance of polynomial surface fitting. Validation study of surface roughness
algorithm on abrasive paper, as a rough surface, and curved surface are reported in
this chapter. From the validation study, accuracy and total standard deviation are

determined.

Chapter 5 discusses a surface roughness analysis for a psoriasis assessment. A
clinical study has been conducted to collect 3D surfaces of psoriasis lesions.
Experiment set-up and procedures for data collection are detailed in the first section.
Development and validation study of clustering algorithms are described in the
following sections. Two unsupervised clustering algorithms - £-means and fuzzy c-
means clustering algorithms are applied to determine PASI scaliness score based on
lesion surface roughness. Objectivity of the scoring algorithm is evaluated by

performing agreement analysis between the first and the second assessment.

Chapter 6 finally summarises the findings on this research work into a conclusion
section. This is followed .by some recommendations and suggéstions for future
work. Some potential applications for implementing the developed skin roughness

algorithm are mentioned in the end of this chapter.
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‘CHAPTER 2
MEDICAL LITERATURE REVIEW

Chapter 2 presents both general information on human skin structur;: comprising
several skin lavers and a number of related diseases including the assessment. It
begins from Section 2.1 that describes the characteristics of skin layers and therr
functions. Section 2.2. provides a detailed discussion about psoriasis. a chronic skin
discase which is the object of study in the research work. This section also includes
a discussion on various psoriasis types and its treatment methods for reducing the
effects of psoriasis. Following this. Section 2.3 presents the PASI (Psoriasis Area
and Severity Index) scoring method as a gold standard for psoriasis assessment in
order to obtain the treatment efficacy for the dermatologist in quantifving the
psoriasis severity. The.contents of Chapter 2 are tinally summarised in Section 2.4

2.1 Skin Structure

Skin is considered one of the largest organs of human body [34]; in adult, its
weight is about 4 to 5 kg or 7% of total body weight covering almost 1.7 m” of body
surface area {13]. The skin area between male and female will be different in size.
For male. it ranges from 1.39 to 2.10 m” and for female the area interval-is 1.19 to
1.88 m”[35]. Based on its structure, skin is divided into twé parts namely é‘ctual skin
(cutis) and subcutaneous tissue (tela subcutanea) [13]. “The actual skin layer
comprises of two layers - epidermis and dermis. Epidermis is a stratified squamous
keratinous epithelium whereas dermis is a dense network of collagen and elastic
fibres. Lpidermis is located in outer layer of 0.1 - 0.2 mm in thickness. This
thickness range is observed at most of body areas. Exceptions are found at the hand
palms and soles of the feet, the epidermis layer in these areas is thicker compared to

other body areas ranging from .8 to 1.5 mm. The research is focused on the outer
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surface of epidermis since most of the skin diseases affect and appear on this layer.

The skin organ is composed by four m.ain tissue types - epitheiiai, connective,
muscle. and nervous. These tissue types are also mostly found in the other organs.
The tissues are combined to perform specific function of the organ. Skin organ has
multiple functions [13] such as: (1) To protect the skin from mechanical. thermal and
chemical damage; (2) To regulate body temperature; (3) To maintain skin moisture
from dryness; (4) To sense physical stimulus trough the skin receptors; (5) To build
immune system from pathogenic threats; (6) To communicate an expression by
changing the skin colour of face area. These functions can be obtained for normatl
skin but for the diseased skin. one or more functions would not be performed
normally. Skin orga-n, derivatives of skin (sweat glands. oil glands. hair. and nails)
and accessory stl'uc-iu;és {blood wvessels and nerves) are integrated to form an
integumentary system. The function of this system is to protect the human.body

from harmful interactions with the outer substances and environment [34].

2.2 Clinical Features of Psoriasis

The psoriasis prevalences in several countries from 1964 to 2005 have been studied
by Neimann ef al. Their study found that the psoriasis prevalence around the world
is in the range of 0.6 to 4.8% [4}.7 In a recent review, Chandran et al. reported
psoriasis prevalence varies among the regions. The prevalences of psoriasis are
0.60-6.50% in Europe, 0.70-3.15% in North and South America and 0.08-4.00% in
Africa. In Asia and Australia, psoriasis iJrevalences of 0.05-5.30% and 2.30%-
2.57%, respectively have been reported [5]. These prevalence data are obtained from
clinical based and fteld survey from 1998 to 2009. However, if the worldwide
population is used as the prevalence base then the psoriasis prevalence around thf:
world is about 2 to 3% [2][3]. The Den‘natolop;ical Society of Malaysia studied. that
the psoriasis prevalence in Malaysia is 3% [6]. The Dermatology Departiment of
Hospital Kuala Lumpur registered 3,906 psoriasis patients of a total of 75,883
hospital’s patients for the years 2005-2010, giving a prevalence of 5.2% % [7].
Periodical medical treatment for psoriatic patient is important, as the disease cannot

be cured. The treatment for psoriasis can be grouped into three types - topical,
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phototherapy. and systemic medications. The treatment is specific for each patient.
It is decided based on both discase progression and medical response of treatcd
paticnt.  Topical method is usually used for handling psoriasis at mild levels. The
second treatment is phototherapy that uses a UV light emission to control the growth
of psoriasis lesions. The third treatment is systemic method applied when the two

previous methods are not considered effective to deal with psoriasis.

For aduits, psoriasis is believed to be the most prevalent immune-mediated skin
disease. which is initiated by an activated cellular immune system. Therefore, the
psoriasis 1s also considered as an organ-specific autoimmune disease {36]. The most
common form of psoriasis is psoriasis vulgaris reaching 90% of all psoriasis cases.
In psoriasis vulgaris, scaly papules and plaques are well-defined from surrounding

normal skin [37].

Pathogenesis of psoriasis has not been being completely understood until
recently. The immune system and T lymphocytes so far are considered as the
initiator for psoriasis. In response, the epidermal cell cycle is then shortened
resulting in silvery scale lesions [38]. The psoriasis scales are formed from a number
of abnormally stacked cells on the stratum corneum - an outermost surface of
epidermis layer. The granular layer of the epidermis is much reduced by increasing
the size of cells stacking. Clinical features and severities of psoriasis are not only

varyving in time but also specific for each individual.

In characterizing psoriasis, four abnormalities can be used. The first abnormality
1s vascular changes that are shown by dilatation and tortuosity of the papillary blood
vessels. At this point. there will be elongation and enlargement of epidermal blood
vessels [39]. In such condition, the skin becomes reddish and this is widely known as
psoriasis  erythema. The second condition is inflammation in which
polymorphonuclear leukocytes from the dermal vessels move into the epidermis.
Here. the number of leukocyte of psoriatic lesion significantly increases and many
immune-related pathways are activated [39]. In turn. lesions with a large amount of
activated T helper cells (CD4” and CD8") will release proinfalammatory cytokines.
The cytokines cell is signalling cell that can activate body immune system result in

skin inflammation. The third abnormality is hyperpoliferation (high rate on cells
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regeneration) of the keratinocytic layer. This layer protects the body from
pathogens, heat, light radiation, and water losses. The last abnormality is the altered
epidermal differentiation. Keratinocytes keep their nuclei in the protected layer
(parakeratosis) and lose the granular layer. They grow excessively with different
appearance compared to normal skin. Comparison between normal skin and skin

affected by psoriasis is shown Figure 2.1.
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(a) Histology image and corresponding scheme of normal skin
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§ Reticular dermis
(b) Histology image and corresponding scheme of skin affected by psoriasis

Figure 2.1 Skin histology of (a) normal skin and (b) skin affected by psoriasis [36].

These progressions in the epidermis layer will introduce skin scales on the lesion

locations [39]. The epidermal rete is extended and the papillary blood vessels of
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psoriatic plaque are dilated. Epidermal rete is ridge profiles located at boundary area
between epidermis and dermis layers. The epidermal rate enables epidermis and
dermis to be interlocked into a unified skin layer. These enlarged blood vessels. as
shown by psoriatic plaque cross-section in Figure 2.1 (b). make the affected skin
become reddish which is defined as lesion erythema.  Hyperpoliferation ol
keratinocyte is also depicted by changing on the stratum corneum layer. Previously.
its thickness is slimmer but after affected by psoriasis, the layer goes very thick and

irregular.

Psoriasis lestons typically appears in certain locations such as scalp. ears. elbows.
umbilicus (belly button), buttocks (gluteal cleft) and genitalia areas. knees. soles of
the feet. fingers and toes. It is possible for the lesions to grow at moist areas: for
examples in armpits, under breasts, and groins [40]. Figure 2.2 describes the lesion

locations that are commonly found in psoriasis cases.

scaip

ears
chest
upper trunk
elbows
umbilicus

lower trunk

\gluteal cleft
nails

genitalia
knees
- sole

toenails

Figure 2.2 Common locations of psoriasis lesions growing on human skin. The
picture is created by combining graphic materials and description from [40] [41]
[42].
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Based on the appearance and characteristic, psoriasis could be categorised

several types that are presented in the following sections.

2.2.1 Plaque psoriasis

Psoriasis lesion typically is covered by silvery white scales with varying thicknesses.
Plaque psoriasis usually starts in early adulthood and will generally persist for a long
time. Plaque psoriasis lesions frequently occur on certain areas such as elbows,
knees, and the scalp [36].

The amount of scales may vary among the psoriatic patients and also at different
parts of the same patient [43]. The lesion is usually clumped as a single skin patch.
However, due to improper treatment, the lesion size could be enlarged. The enlarged
lesion can be merged with another neighbour lesion to create a larger lesion. Some
images of plaque psoriasis lesions from clinical study at Hospital Kuala Lumpur are
shown in Figure 2.3. From these examples, it can be shown that the large lesions are

formed by merging some smaller adjacent lesions.

(b) (c)

Figure 2.3 Plaque psoriasis lesions appear at several body regions such as (a) elbow,
(b) upper back, and (c) trunk.

2.2.2 Guttate psoriasis

Guttate psoriasis originated from Greek gutfa meaning a tiny drop. The drop gives a
description of the acute onset of unnumbered tiny psoriasis lesions with diameter 2 -
10 mm. A total of five to hundreds lesions can appear at certain affected regions,
such as head and limbs. Guttate psoriasis occurs in 2% of total psoriasis cases.
Plaque psoriasis can be initiated by suffering guttate psoriasis at younger ages [43].

Figure 2.4 shows guttate psoriasis lesions at several body regions.
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(a) (c)

Figure 2.4 Example of guttate psoriasis lesions. These lesions are spread at several
body regions such as (a) chest and arm [44], (b) forearm [45] and (c) back region
[45].

2.2.3 Flexural (inverse) psoriasis

Filexural psoriasis occurs at the flexural areas. These areas are located between two
body parts such as at the folding areas of breast, genital, and armpit. The flexural
lesions appear as red and shiny lesions. Its plaque boundaries are also easily to
pronounce from the surrounding normal skin. However, the disease sometimes 18
misidentified as candidal, intertrigo, or dermatophyte infections [43]. Figure 2.5

shows the folded skin areas that are affected by psoriasis.

(a) ®) ()

Figure 2.5 Flexural psoniasis growths lesions are appeared at folded skin areas. The
areas such as (a) armpit [37] (b) ear [46], and (c) umbilicus.

2.2.4 Generalised pustular psoriasis

Pustular type is characterised by red skin on the affected area and scattered by many

pustules. These pustules contain white blood cells that can dry and peel causing the
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skin to be glazed. Moreover, this type also can cause a fever to the patients. In many
cases, the adult patients need to be hospitalised [43]. Figure 2.6 illustrates the

examples of skin affected by pustular psoriasis.

(a) (b)

Figure 2.6 Many pustules scatter on the inflamed skin affected by generalised
pustular psoriasis at (a) palm [47], (b) upper back [48], and (c¢) neck [49] regions.

2.2.5 Erythrodermic psoriasis

Erythrodermic psoriasis can affect the body skin surface, either partially or
completely affected. This psoriasis type might be developed from the gradual
enlargement of chronic psoriasis plaques. It is also triggered by an abrupt
termination on a systemic psoriasis treatment, infections, or allergic reaction to the
medicines. This psoriasis type is characterised by several symptoms, such as
periodical and widespread appearance, inflaming skin surface, and lesion scales in
the form of sheets. Patients with erythrodermic psoriasis will experience severe
itching and pain, increasing heat rate, and unpredictable body temperature.
Abnormality in skin temperature regulation can lead hypothermia, high output
cardiac failure, and change in blood metabolism. Once the symptoms have been
detected, hospitalised treatments need to be given immediately to the patients [43]
[50]. Figure 2.7 depicts the example of erythrodermic psoriasis.
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(a) (b) (c)

Figure 2.7 Erythrodermic psoriasis covers most of body surfaces at areas such as (a)
trunk [51], (b) lower limbs [52], and (¢) hand including wrist area [53].

Psoriasis treatments can be categorised into three therapeutic modalities, namely
topical agents, phototherapy using appropriate ultra violet wavelength, and systemic
medications. Topical agents are used for treating mild psoriasis and resistant lesions
at higher severity. Phototherapy is applied for psoriasis at moderate level.
Meanwhile, the systemic treatment is implemented for treating severe cases, This
treatment includes photo chemotherapy, oral medicine consumption, and biological
injection [54]). In topical category coal tar, vitamin D analogues, steroids, and
dithranol are applied to the skin surface. On the other hand, through phototherapy,
Narrow-band Ultraviolet-B (NBUVB, 315 — 280 nm) and Psoralen Ultraviolet-A
(PUVA, 400 — 315 nm) treatments are aimed to improve the patient condition. In
systemic treatment, various medicines, such as methotrexate, retinoids,
sulphasalazine, cyciophosphamide, and cyclosporine can be given. All of these

psoriasis treatments are discussed in the following sections [55].

2.3 Skin Assessment and Analysis

In the 1950s, skin assessment was relatively simple based on the direct accessibility
of the skin surface using visual and tactile senses. Dermatologists are able to assess
and diagnose using only their perception of the physical appearances of skin. In
contrast to other medical specialists, such as internists, surgeons, and radiologists,
equipments or modalities such as electroencephalography (EEG), magnetic

resonance imaging (MRI), x-ray, and medical ultrasonography are used to observe
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affected human body parts [24]. Nowadays, many advanced equipments have been
used to examine and measure skin abnormalities. These equipments such as digital
single-lens reflex camera (DSLR) [56], dermatoscopy [28]{57], video dermatoscopy
also known as video microscopic [28][58], optical coherence tomography [39].
confocal scanning laser microscopy [60], stylus and laser profilometries on skin
replicas [61][62]. and tribo-acoustic system [63] have been used in skin assessment.
However, most of them are only available for clinical studies and not for clinical

practice.

In clinical practice, the skin diseases are commonly analysed and assessed
through visual and tactile senses using skin disease-scoring methods. Many scoring
methods are available to determine severity of various skin diseases. For example,
eczema area and severity index (EASI) is used to grade atopic dermatitis [64]. EASI
defines four parameters which are erythema, thickness, scratching and lichenification
(lined skin). The intensities of these parameters are obtained from four regions of
body (head and neck, upper limbs, trunk, and lower limbs). Patient age and affected
body surface area are considered as the weighting factors in a final score calculation.

The EASI score ranges from 0 to 72.

SCORAD (SCORing Atopic Dermatitis) is another example of well known skin
disease assessment. SCORAD is used to grade atopic dermatitis severity. There are
three parameters need to be assessed. The parameters are lesion existence on body
regions, disease severities, and subjective symptoms. The first and second
parameters are scored by dermatologists. The third parameter - subjective symptoms

- Is scored by patient based on his or her subjective perception and experience.

The combination of assessment results by dermatologists and paﬁent represent
the patient condition [65]. The SCORAD score ranges from 0 to 103. Both scoring
methods purposively are to standardise the atopic dermatitis assessment and to

cvaluate therapeutic response [66].

The Cutaneous Lupus Erythematosus Disease Area and Severity Index (CLASI)
scoring is performed on the patient to determine the severity of cutaneous lupus

ervthematosus. This method assesses four parameters (erythema, scale.
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dyspigmentation. and scarring) at 16 anatomical locations, such as scalp. ears. nosc.
back, arms. hands. legs, etc. CLLASI scoring is applied to evaluate treatment cfficacy

on cutancous lupus ervthematosus disease [67].

Several scoring methods have also been developed for psoriasis assessment such
as National Psoriasis Foundation (NPF), Psoriasis Score (NPF-PS). Physician static
global assessment (PSGA), Overall lesion assessment (OLA), Lattice System
Physician’s Global Assessment (LS-PGA) Psoriasis Global Assessment (PGA).
Copenhagen Psoriasis Severity Index (CoPSI)., and Psoriasis Area and Severity

[ndex (PASI) [19]. [68]. [69].

Among the existing psoriasis scoring methods, PASI is considered the gold
standard for psoriasis assessment.. However, new scoring methods developed arc
motivated to simplify assessment procedures, accommodate new parameters, and
possibly minimise the score variations among the raters. THowever. due to the
inherent subjectivity of human assessment most of these scoring methods suftfer from
intra- and inter-rater score variations. The subjectivity on assessment in turn can

result in treatment inefficacy, as seen in psoriasis cases [24].

2.3.1 Subjectivity of Skin Assessment

Most assessment methods are performed by using visual and tactile senses. A
standard guide based on physical characteristics of the disease is used by
dermatologists to score disease severities; perception will -be significant in the
physical interpretation of the disease. In many cases, subjective clinical assessments

by dermatologist produce intra- and inter-rater variation.

Figure 2.8 illustrates two dermatologists assessing psoriasis lesions in a session
of clinical trial using visual and tactile senses. Numerous studies have reported the
intra and inter-rater variation problem on scoring methods of skin discases. Chen ef
al. studied inter-rater reliability in teprosy assessment in which pain sensations of the
skin lesion and peripheral nerve enlargement were assessed. It was found that the
agreements among the raters were less than 0,53, In this study. leprologist. medical

students. and leprosy staff were considered as the raters and involved to examine the
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discase [70]. Forbes-Duchart et al. investigated an inter-rater reliability in paediatric

burn scar assessment. Three raters are involved in the study.

Figure 2.8 Two dermatologists are assessing psoriasis lesions.

Modified Version of the Vancouver Scar Scale (MVSS) is used to score the scar
severities. MVSS defines four parameters for scar assessment, such as pigmentation
level, vascularity, pliability (skin elasticity), and height (scar thickness). In the
analysis of x agreement between two raters, it is found that all MVSS parameters
have a low inter-rater reliability. The maximum x coefficients for pigmentation,
vascularity, pliability., and height parameters are 0.16, 0.25, 0.38. and 0.38
respectively. The research suggested the use of MVSS total scores rather than that of

individual parameters [71].

Berth-Jones J. ef af. reported that intra-rater reliability of three scoring methods
for psoriasis (PASI, CoPASI, and PGA) cannot be categorised as a perfect
agreement. In the inter-rater reliability evaluation, agreements of PASI and CoPASI
are considered only substantial and become lower for PGA assessment (moderate
agreement). In this regard, CoPASI might be better than PASI and PGA, particularly

for assessment of milder cases [69].

Principally, the development of objective assessments and measurements is
continuously improving to reduce subjectivity and introduce objectivity in skin
asscssment [72].  Although the scoring parameters have been simplified, the intra

and inter-rater variations problem remain. To eliminate the aforementioned
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problems. it is pertinent to develop techniques to measure and quantify the

parameters in order to obtain objective scores for skin assessment.

2.3.2 PASI Scoring for Psoriasis Assessment

Psoriasis assessment using PASI scoring method was proposed by Fredriksson and
Pettersson in 1978. This new assessment is used to evaluate efficacy of Ro 10-9359.
a retinoic acid derivative, for treating the psoriatic patients. In their study. more than
90% reduction of psoriatic lesions in 10 patients out of 20 after 4 to 8 weeks of
medical treatment has been found. Total PASI score functionally is used to indicate

the reduction of psoriasis severity [21].

As mentioned in previous chapter, there are four PASI parameters - arca.
erylhema, thickness, and scaliness - that need to be assessed in a round PASI
assessment.  Dermatologists carefully select the representative lesions from cach
body region for scoring (head, upper limb. trunk. and lower limb). 'The head
incorporates face, scalp. ear. and neck. Meanwhile, chest. stomach, back. armpits
and genital are considered as the parts of the trunk. The upper limbs comprise the
arms, hands. and palms whereas the legs, buttocks, feet, and soles are belong to the
lower limbs |73]. In this research work. the patients are required to wear their
underwear during the assessment sessions. It implies that the psoriasis condition on

breast, buttock, and genital regions are not assessed during the clinical study.

The following description is an example of a psoriasis patient that has been
involved in clinical study (Patient 052, male, 35 years old). He has becn assessed by
dermatologist (Dermatologist 1). Figure 2.9 shows a summary of the PASI score

from the assessment,
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Area | Erythema | Thickness | Scaliness
[0-86] [0-4] [O - 4] [0~ 4]

1) Head 1 1 1 1

2) Upper Limb 2 1 2 3
3) Trunk 2 2 2 2
4) Lower limb 4 4 3 3

Figure 2.9 An example of PASI scores summary obtained from dermatologist
assessment to a psoriasis patient.

The total PASI score for this patient is calculated using the scores to Equation

(1-1) (Chapter 1). The detail of calculation is explained as follows:

PASI = 0.1 X (Ey + T, + Sp)An + 0.2 X (B, + T, + S,)Ay + -1

03X (E;+ T+ SpA, + 04 x (E,+ T, + SDA,

PASI=01x(1+1+1)1+02x(1+2+3)2+ | (2-2)

03X (2+2+2)2+04x(4+3+3)4
PASI =03+ 24+ 36+ 16.0=1223 (2-3)

The result shows that the total PASI score for the observed patient is 22.3. This
total value is important for dermatologist, especially to determine the treatment
efficacy. In this case, the given treatment is considered significant if total PASI
score after treatment can achieve at least 5.5 (75% reduction from initial total PASI
score).  According to maximum scores for each parameter and total PASI score
equation, the score can achieve 72 for a maximum score. In real situation, a
maximum score is uncommon since the patients are being treated to reduce the

psoriasis severity. The high total PASI scores usually are not more than 40 [74].

PASI scaliness assessment is conducted by dermatologist based on certain
physical descriptions as listed in Table 2.1. These descriptions are referred by

dermatologists as a standard guidance for determining PASI scaliness scores.
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Table 2.1 Features for PASI scaliness scoring used by dermatoiogists

PASI Score PASI scaliness visual descriptors
0 No scale
1 Fine scale, some of lesion covered by scale
2 Coarse scale with most lesion partiaily covered by scale
3 Coarse scale almost all lesions covered by a rough surface
4 Very coarse thick scales covering all lesions, very rough surface

Dermatologists score the lesions based on their visual and tactile perceptions.
Figure 2.10 shows the psoriasis lesions for PASI scaliness scores 0 to 4. These
images are used to provide training on PASI assessment. The high score lesion is
rougher compared to the lesion with low scores. It is clear that the lesion roughness
is reiated to the scale appearance on the lesion surfaces. As shown in Figure 2.10, no
scales appear on lesion score 0 and only fine scales at lesion score 1. However, at

score 4, a large amount of rough scales can spread over lesion surfaces.

Figure 2.10 Psoriasis lesions and its PASI scaliness scores given by human visual
and tactile perceptions [75].

In its application, it is found that PASI assessment is subjective, time-consuming
and requires trained physician. Thus, it leads the assessment to be difficult to be
applied in either daily practice or a large-scale epidemiologic research, In addition,
the self-assessment by the patients or clinical study participants are not included 1in
PASI scoring but all parameter scores are obtained only from dermatologists’
observation and assessment [76]. Regardless of those drawbacks, the PASI sconng,

however, is still considered as the gold standard in a psoriasis assessment.
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2.4 Summary

This chapter presents the information about human skin, psoriasis skin disease,
severity assessment, and its treatments, These descriptions describe the significance
of the study on skin disease assessment, especially for psoriasis skin disease. The
disease brings some effects on the largest part of human body and cannot be totally
cured. In response, an accurate and objective assessment is highly required to
evaluate the treatment efficacy given by the dermatologist.

Psoriasis is a common skin disorder that affects about 2 - 3% of world
population. It is known as the most prevalent immune-mediated skin disease for
adults. Until recently, the initial process of psoriasis has been being in research and
not totally discovered yet. The psoriasis lesions can affect at any body parts.
Psoriasis is categorised into several types based on its specific appéarance. The
types include plaque, guttate, flexural, and erythrodermic psoriasis. Plaque psoriasis
is the commonest casc among the psoriasis types. Considering that psoriasis cannot
be totally cured, a long term treatment for this disease is highly needed.

Psoriasis assessment using PASI (Psoriasis Arca Severity Index) scoring method
was proposed by Fredriksson and Pettersson in 1978. The scoring method defines
four assessment parameters, namely area, erythema, thickness, and scaliness. The
parameters are scored by dermatologists for each defined body regions (head. upper
limb, trunk, and lower limb). The scores are given based on visual and tactile
descriptions of the psoriasis lesions. Total PASI score is used to indicate the
reduction of psoriasis severity.

PASI scaliness assessment is conducted by dermatologists based on their visual
and tactile perceptions. The PASI scaliness scores are ranging from 0 to 4. The
scores are used to represent the amount of scale on the lesion surface. It is found that
PASI assessment is subjective, time-consuming and requires trained physician.
Although these disadvantages are permanently extant in PASI scoring method, the

scoring method is still considered gold standard for psoriasis assessment.
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CHAPTER 3
SURFACE MEASUREMENT METHODS

Chapter 3 describes about the background information of the methods for measuring
surface roughness and analysing the measurement results using a clustering
algorithm. Section 3. I'reviews the methods of the surface roughness analysis. In the
initial section. a long izl_istory of the surface roughness implementation is presented.
Since the beginning era. mechanical surface profilometry has been commonly used
to measure the surface texture of manufacturing and metallurgical products. Here. a
sharp needle is drawn along a line on the measured surface to acquire height
information. Although being able to provide a high resolution. this method in fact
still has the very restricted scan area and scanning time. In response to this
restriction. the imaging technologies then provide a light profiling medium to extract
the height profile of the measured surfaces. Three imaging methods for 31 surface
measurements are presented in this subsection; those are laser profilometry. light
scattering and structured light projection. To enable surfacc roughness measurcient.
surface filtering and surface roughness parameters have to be defined. Surface
filtering is a method aimed to extract a roughness component from certain unsuitable
components of surface profile. Such methods include Fourier transform, Gaussian
filter, wavelet filtering, and polynomial surface fitting. The following subsection
discusses the surface roughness parameters that dominate the current standard in a
surface roughness measurement. Section 3.2, on the other hand. shows séme
applications of imaging methods for skin surface roughness measurement. At last.
the summary of the materials that have been described in Chapter 3 is briefly

described in Section 3.4.



3.1  Surface Roughness Analysis

The main problem of assessing surfaces is related to the small size of the machining
marks. Surface roughness is one of important quality parameter in many industrial
applications such as manufacturing process of metals, semiconductors, ce;‘atﬂics,
paper, and plastic products [77]. Until in the end of 1920s there was no any effort to
create a surface measurement system. The metallurgists at that time merely
examined the surfaces by their visual and tactile perceptions. This examination
might be sufficient in one factory but not for further examination outside to the
factory [78]. To standardise the assessment, several samples with certain roughness
were provided to be used as the references to compare with the assessed surface. By
comparing with these reference samples, the metallurgists were able to classify the

assessed surface according ils roughness levels.

3.2 Mechanical Surface Profilometry

Mechanical surface profilometry is a conventional method for measuring surface
roughness. [t uses a sharp stylus made of diamond for sweeping along the measured
surface. Here, the stylus tip, which has a few micrometers of radius size, is drawn on
the surface. During the movement, the stylus body will move up and down
following the profile variations of scanned surface. In common, the recommended
length for stylus scanning is 5 mm [79]. The vertical variations of the stylus are
automatically inte{preted as the roughness profile of the surface. The scan resolution
of stylus proﬁlomefer is limited by the diarr‘leter size of stylus tip [79]: To obta'in a
reliable measurement, ridge valleys of the surface profile should be wider than the
diameter size. If the valley is narrower than the sfylus tip diameter, the profilometer
will not extract the actual elevation of the surface. This problem can be solved by
applying a finer probe to replace the stylus tip, as applied by Atomic Force
Microscopy (AFM). However, the tiny scan area and the long scanning time become
the drawbacks of AFM. For example, to measure an area of 70 x 70 um? it requires
at least 1 to 2 hours for each scan [79]. The advantages of mechanical surface

profilometry are listed as follows [80]:

* Measurement is performed to the measured object without any prior
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treatment.
* The measurement can cover a wide range from tens of microns to ten of
millimetres. In addition, the vertical sensitivity can be increased less than 10

nm.

Despite these advantages, the mechanical surface profilometry has several
drawbacks:
* Contact stress of stylus tip can damage the scanned surface. The stylus also
could scratch the surface especially for the soft materials. Although the
stylus load is low, it can cause a high stress for being applied and centred to a
very small area of stylus tip.
* A number of vertical points might not correctly be profiled by the stylus tip.
It occurs when the size of stylus tip is bigger than the vertical gaps. As a
consequence, the stylus tip is not able to enter deeply to the point location.
* To obtain two-dimensional topographical information. a number of the
consecutive line scans arc required. This scanning process can be time-
consuming. Based on this constraint, the sample area is typically limited to a

small sizc only.

The drawbacks founded on mechanical surface profilometry motivate the rescarchers

to develop non-contact techniques for surface roughness determination.

3.3 Imaging Technologies for Surface Analysis

After established for hundred vears, mechanical stylus profiling has been proposed to
be replaced with several optical techniques. These optical techniques give some

advantages in measuring surface roughness as follows |80]:

*  Scanning process is not going to damage the scanned surface. Additionally.
profiling process can be performed without applying any direct contact
between the sensor and the scanned surface.

* Physical stylus is not longer used as a profiling sensor. The function has
been replaced by applying a light medium that can omit the probe breakage

problems.

(5]
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* The scan using the light as the measurement medium can have a very fast
completion.

*  The light beam as the probe medium is able to penetrate the vertical profile
deeper than the probe stylus. In the mechanical stylus, the probe cannot
measure an actual surface that is located in small gap — smaller than the
stylus.

= Measurement is able to cover a large area. The light also can be directed to

perform measurement on a large area.

Beside those advantages, the optical methods have several challenges, such as:

* The light coming from a certain angle might be covered by the surface
profiles in which the reflected light in this condition will not give any depth
information correctly.

* The measurement results can be influenced by the optical characteristic of the
surface material. In this case, the reflected light might come from the
unwanted surface resulting errors for a depth measurement. As shown in
Figure 3.1, the n, and n, are made of the distinct materials. Stylus profiling
is able to measure the surfaces correctly since the stylus sweep is not reliant
on the optical characteristics of the materials. However, for the optical

measurement it may obtain inaccurate results.

Zixj

X . x

Figure 3.1 Stylus and optical measurements,

Imaging technology is applied for measuring surface roughness.  This
implementation is motivated by two main objectives: to provide high resolution

{depth and lateral resolutions) measurement and to perform high speed scanning. In
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this case. the earliest technology is laser profilometry.

3.3.1 Laser Profilometry Method

In laser profilometry, a laser beam is emitted and line by line directed to a
scanned surface. The laser beam is used to profile the elevation points of the surface.
The elevation points are determined by applying triangulation method to the reflected
light. The reflected light is focused by an optical lens to a light sensitive detector. A
surface topography. afterward, is interpreted from the projection of the reflected laser
on light sensitive detector. Figure 3.2 describes the triangulation principle of a lascr
camera in extracting the elevation profiles of the scanned surface. The laser light is
exactly retlected to the centre of light sensitive detector if the light is projected onto a
reference plane. Once the surface is located either upper or below the reference
plane. the reflected laser light would be deviated from the centre of the detector.
Depth information is then determined from the deviations of reflected laser light on
the light detector. A higher deviation represents a farther location from the refercnce

plane.

. Laser source
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Figure 3.2 Laser triangulation of laser camera.

The laser profilometry has some advantages such as providing high resolution
scan. being able to penctrate and scan deep surfaces and being adapted with any
kinds of materials, However, this also has some drawbacks. for example the
scanning process that cannot be performed as a fast measurement. By using a laser
scanner. the surface information obtained is not a grid matrix of elevation data. 'The
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information is recorded by a laser system as a point of cloud. To construct a 3D
surface, these measured points need to be connected using an interconnection of
small triangular meshes. In order to enable practical linear calculation, these meshes
are then converted to a grid of XYZ coordinates. The data obtained from laser
profilometry has been applied for measuring skin disease treatments. In this
research. a laser scanner, Konica Minolta. Vivid 910, has been used to scan the

surface of the psoriasis lesions.

The laser scanner can properly scan the skin surface if the surface is stable.
Conversely, the scanning cannot be properly performed for the regions with some
vibrations on the surface such as at the chest regions. The vibrations are caused by a
periodical breathing movement. For having no stability on the scanned surface, a
focused surface is difficult to be obtained. Figure 3.3 shows the example of psoriasis
lesions obtained from the laser scanner. Figure 3.3 (a) shows 2D image of plaque
psoriasis lesions at lower back region. The surface vibrates are continuously caused
by the breathing movement. Figure 3.3 (b) displays the blurriness of the scanned
Iesion at a vibrated surface. Some parts of 'the scanned surfaces are overlaid due to
the surface movement during the scanning process. These overlying edges are found

at the edges of tape 3 (pointed by arrow 1) and the lesion edges (shown by arrow 2).

(a) . (b)

Figure 3.3 (a) 2D image of psoriasis lesions (b). 3D surface of psoriasis lesions is
scanned by a 3D laser scanner.

3.3.2 Light Scattering and Speckle Imaging Methods

Another technology implemented for surface roughness measurement is light

scattering and speckle imaging. In these technologies, a light beam is projected to
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the scanned surface. The beam consists of many light paths. The reflected lights arc
then photographed by a 2D camera. The roughness differences are determined based
on the characteristic of reflected liéhts. Figure 3.6 shows the reflected light of two
surfaces with different roughness.

Light beam . Photo sensor Light beam . Photo sensor

Lo, oL, 0/ Ly, Ly I3 JE seco—

Sméoth éurface o - Rough éur?acé
(a) (b)

Figure 3.4 The light is uniformly reflected at (a) smooth surface whereas (b) the
rough surfaces will scatter the light to various directions.

In the light scattering method. the smooth surface reflects the lights in uniform
direction (o the camera. In the other hand. rough surface will rcturn back the
projected lights at unordered manner. The intensity of reflected light from smooth
surface will be higher than the rough surface. Photo sensor at smooth surface can
receive reflected light at higher intensity. It can occur because all of the lights are
reflected by smooth surface with the same reflection angles. The intensity received
by photo sensor at rough surface will be lower. The reflected lights are scattered due
1o unordered normal direction of the rough surface. Surface roughness is then

interpreted based on these reflected light characteristics.

Persson illustrates the distribution of reflected light from different surface
roughness - smoother and rougher surfaces [81]. The light is emitted perpendicular
onto the measured surfaces. The reflection angles and reflected light intensities are
then recorded. To provide a reference value, surface roughness of the observed
subject is determined by rms-roughness. The rms-roughness of smoother surface is
>0 nm whereas the rms-roughness of rougher surfaces is 300 nm. The surface is
made of stainless steel and it is iHuminated with laser light =700 nm. From the
experiment. it can be found that reflected light dispersion of the rough surface is

higher than the smoother surface. The rough surface will scatter the reflected light to
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more various directions. Histogram of reflection light intensity against reflection
angles are created to find the light dispersion characteristics. The intensities of
reflected light from smoother surface are accumulated in a certain angle. For the
rougher surface, the reflected light are scattered at various angles. Therefore a
certain amount of light intensity can be found at all angles. The histograms of both

surfaces are presented in Figure 3.5 (a) and (b).
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Figure 3.5 intensity distributions of reflected light from (a) smoother surface and
(b) rougher surfaces.

As performed by light scattering. speckle imaging method also interprets surface
roughness based on reflected illumination on the measured surface. However, in the
speckle imaging, the speckles amount in the image. Average contrast of the speckle
is also found related with the surface roughness [82]. Speckle is considered a random
pattern region of bright and dark which is obtained when a surface is iliuminated by a
highly or partially coherent light beam [77]. Both methods, light scattering and
speckle imaging can provide advantages on non-contact measurement and fast
scanning [77]. Despite these advantages, the method has drawbacks in the 3D
surface measurement. The drawbacks of this method are sophisticated system
arrangement and standardised environment lighting. The measurement surface is

usually limited to the small size area.

3.3.3 Structured Light Projection Method

Another available method for acquiring 3D surface is the structured light projection.
This 3D measurement method has been used for many years in various researches

and industrial applications [83]. The method utilises the projection of some
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particular structured patterns onto the measured surface. A series of the structured
patterns can also be applied for the measurement, 2D images of the surface with
several projected patterns are computed to reconstruct 3D surface.  Depth
information is interpreted from deviations of the projected patterns on the surface.
Currently. some pixel-wise addressable projection systems on the basis of micro
mirror p')rojcctors have been being used to create certain projected patterns. These
projector systems in their application are able to generate various types of the pattern
with high resolution. Furthermore. the application scope of the method has been

expanded from measuring small size area to the large coverage area {83].

Principally. the structured light projection also uses a triangulation process as
applied in the laser profilometry. This method also projects a light beam to the
scanned surface. as conducted by scattering method. However, the structured
projected light illuminates a structured pattern. rather than speckle imaging that
illummates random of lights. A difference between both of methods lies on the way
of implementing the light profiling. Laser triangulation. as aforementioned in the
previous section. uses a single beam to profile the surface. By applyving this method,
the surlacc elevations are able to be measured point by point. However, the
structured light projection measures the surface elevations of the whole area at once.
The arca of projected pattern is composed by an equidistant of several line
triangulaliqns. The scanning is simplified by projecting the lines at the same time.
Therefore. the movement of either the optical sensor and the measured object are not

needed [83].

In this.research. a 3D optical scanner is built by applying a structured light
projection method. Thus, the details of this method are more widely elaborated.
Figure 3.6 ‘shows the basic diagrém of camera and projector arrangement in the
structured light projection. The projector and the camera are adjusted at fixed
positions. These positions are indicated by the projection angle . the distance of the
projector to the camera, and the disiance of the camera to the reference measured
surface. The principle of 3D surface acquisition is mentioned in the following
section as mentioned in [84] [85]. Phase-shifiling method has been widely applied in

3D surface measurement in consideration of its scanning speed and high accuracy.
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Initially, three images are rtequired to apply a phase-shifting algorithm. which
therefore is called as the single three-step phase-shifting algorithm. These images
are obtained from some projected fringe patterns on the measured surfaces and
differentiated with a phase shift angle 6. These three images can be expressed by

following equations.

L6 Y) =190, ¥) + Inoa (x, y) cos(@(x,y) — 6) (3-1)
L(x,y) = Io(2,9) + Imoa(x,y) cos(¢(x.3)) . (3-2)
13-(x, ) = Io(%,¥) + Inoa (%, ¥) cos(d(x,7) + 6) (3-3)

Variables [,(x,y). I,(x,¥), and [3(x,y) denote the intensities of three fringe
patterns. [y(x,y) represents the background intensity and I,,,,4(x, ¥) represents the
modulation signal amplitude. Meanwhile, variables ¢(x,y) and & are the phase and
the constant phase-shift angle, respectively. The phase map ¢(x,y) is calculated by
applying three fringe images as written in the following equation.

Il(x.Y) - IB(ny)
2L(x,y) — L(x,y) = I3(x, y)

$(x,y) =tan"1|V3 (3-4)

The phase ¢(x,y) calculated in (3-5) will have a range from —m to +m and
discontinuity points at multiples of 2n. These discontinuities are located and then
discarded by adding or subtracting the phase ¢(x,y) with multiples of 2m. The

equatton for removing discontinuity is given by

d(x,y) = p(x,y) + 2kn (3-5)

The ¢(x,y) and ‘~¢J(x, y) are known as the gh;ifliapped and wrapped images,
respectively anc-ii\-{m;i—égle k denotes the projection period. The elevation map in 3D
coordinates is determined based on the p'hase difference between the measured
surface ®(x,y) and reference surface ®,{x,y). The phase of reference surface
®o(x, y) is obtained from the projected pattern images on the flat surface. From

Figure 3.6, it can be derived an equation for determining height Z as described in

(3-6)
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Zz d ;
L=Z B (5-0)
CCD-camera Pattern Projector
o
L
Figure 3.6 Diagram for depth calculation based on phase differences.
Equation (3-6) is then simplified to obtain the following equations:
z7=t2%4
=3 (3-7y
7= (L Z) 4
“\B B (3-8)
Since Z « B, it can be considered thatg =~ 0. This simplification can give
Z L d ¢
~ 3B (3-9)

It is known that d is directly proportional to the phase difference, d o« (d — @),
and then the equation (3-9) is modified to obtain a new cxpression (3-10).

L
7~ = (D~ dy) (3-10)

B

According to this method. the measured skin surface i1s exposed by a structured
fringe-shaped light projection. The light is projected by applying projection angie «
from the vertical axis. Since the scan process is quite fast. it can deal with the
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constant vibration of skin surface. This movement is caused by the vibration of the
AulONOMOUS NErvous system. Despite the method advantages, there are some
iimitations in the 3D surface acquisition. These limitations can be described such as
measurement resolution and shadow problems. The measurement resolution depends
on the projector resolution and the CCD density of the camera [86]. The method also
cannot measure accurately the shadowed area and isolated surfaces [87]. These

locations are usually found either as deep pit or localised peak surfaces.

3.4 Surface Profile Characterisation

The surface characterisation has been widely used in diverse application fields, such
as road monitoring, material industry, remote sensing, and medical engineering. SO
14460-1 defines the surface as a set of features which physically exist and separate
the entire work piece from the surrounding medium [88]. A surface can be
considered as a boundary layer between objéct and its environment. Normal profile,
perpendicular to the reference surface, is used to extract the vertical variations of
surface profile. The profile can be classified into three main components; namely

roughness, waviness and form [88], as depicted in Figure 3.7 [89].

Waviness

S . B 1 . 1. . L I ST . S
50 75 100 125 150 175 200 225 250 27 300
X {mm)

Figure 3.7 Surface profile is composed by three major components - roughness,
waviness, and form [89] [90] [78].

These components are superimposed to form a surface profile. The surface
wavelength or peak-to-peak spacing is used to differentiate a number of surface
profile components [88]. Roughness has the finer texture and ridges compared to
waviness, which is smoother than the roughness. Form, meanwhile, is a curved

surface with a very long-range deviation.
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The profile components are distinguished based on their wavelength. The
roughness 1s the component with short wavelengths whereas the longer ones belong
to the waviness and form [90]. SO 115621. a standard for the manufacturing
application, defines the separation point between roughness and waviness based on
its wavelengths. [igure 3.8 depicts this component separation. The distribution of
the roughness wavelength is denoted by R whereas waviness wavclength is
represented by W. The wavelengths of roughness profile range from 4; to 4; in
which the shorter wavelengths (1 < 4;) exist m the surface. However. its quantity is
not signiﬁcam and can be neglected. The waviness profile has longer wavelengths
ranging from A, o A3 in \\hl(.h wavelength A, is assigned to a wavelength that has
the proportion of 50:50 for its roughness and waviness. The A3. meanwhile. is used

to separate the waviness and form profiles [78].

100%

50%

" g %o

Figure 3.8 Wavelength distributions of roughness and waviness {78].

The characterization and separation methods of surface profile are 1];\éref0re
“important in a surface determination. These methods are implemented as a filtering
process 1o the measured data. There are several filtering methods that can be applied
: 10 separate the surface componer{t_s [90] such as:Fourier transform, Gaussian filter.

wavelet. and polynomial surface fitting.

In the earliest years, surface roughness filtering was performed manually based
on a graphical plot on the 2-dimensional coordinates. In this case. the plot is divided
equally into scveral segments. A mean line is subsequently created for each
segment. The line 1s drawn to represent the gradient between the scgment intervals.
Vertical deviations are then determined by subtracting the actual profile to the

gradient line.  Nowadays, some computational methods are widely applied to
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separate the profile components. The main objective of surface characterisation is to
extract and to eliminate the waviness component. This waviness can be filtered by
applying some methods such as Fourier transform, Gaussian filter, wavelet filtering.

and polynomial surface fitting.

3.4.1 Fourier Transform

Digital Fourier transform is used to filter the components of a surface profile. The
method was initially explored by Raja and Radhakrishnan [91]. In a surface
engineering, the surface is considered to be formed by certain sinusoidal functions
with various amplitudes and frequencies. From aforementioned discussion, it is™
known that the surface profiles — roughness, waviness, and form — are differentiated
based on their frequencies. A number of cut-offs frequencies afe defined bv a user to
enable a surface profiles differentiation [91]. 1n this case, this power spectral density

analysis has been applied to determine surface roughness of metal surface [92].

3.4.2 Gaussian Filter

Gaussian filter is one of the surface characterisation_methods_ widely used in recent
years. A single filter here can be applied to extract roughness and waviness
components [91]. However, Gaussian filter possesses some drawbacks in its
implementation. The first drawback is edge distortion that can be found in the edges
of the filtered data. In addition, Gaussian filter cannot properly perform to filter a

surface dominated by a large form. Even, it is not robust to deal with outliers [91].

3.4.3 Wavelet Filter

Principally. the aim of wavelet filtering is similar with Gaussian filter. Both filters
are used to characterise the surface profile componentﬁ based on their wavelengths.
Compared with Gaussian filter, the wavelet filter, however, has more advance
capabilities. This filter can be used to analyze data at various resolution levels. For
this, its filter is also known as the multi-scale filters. Figure 3.9 depicts the
decomposed signals of a surface profile [91]. Diffl is a signal component with the

shortest wavelength (the highest frequency). The advantage of wavelet filter is its
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ability to decompose the profile component, specifically at certain wavelength. Used
in many works on surface roughness determinations, the wavelet filtering method
also has a drawback in which its process requires a high computational cost. Also. it

finds difficult to define the required number of level in the filtering process.
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Figure 3.9 Wavelength distributions of roughness and waviness [91].
3.4.4 Polynomial Surface Fitting

Polynomial surface fitting has been widely used in the 3D surface characterisation of
various applications. The surface fitting determines a least square mean planc. The
plane here represents the nominal direction of a surface. A quadratic polynomial
surface is the suitable approximation of common geometrical shapes in a small arca.
Further. the polynomial surface fitting is widely used to fit various surface shapes.
such as partial cylindrical forms, partial spheres, and any arbitrary curved forms.
Determination on a suitable polynomial order, however, can result in a problem.
This problem occurs when the surface fitting is applied to a surface containing some
difterent curvatures [93] [94]. Polynomial surface fitting is usually fitted into a
rectanguiar mesh of XYZ coordinates. Buxton ¢/ a/. have found that the whole
human body curvature can be constructed using interconnection of rectangular
meshes |95). This fact shows that polynomial surface fitting is suitable to be applied

to any part of human body surfaces.

In the early roughness measurement by using stylus profilometer, there arc three

terms to define the sample |78] including traversing. assessment. and sampling
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length. Traversing length is the crossing distance of the stylus over the measured
surface. Assessment length is only a part of traversing length that would be assessed.
Another shorter sample is then measured from the assessment length. This shorter
part is called as the sampling length. Figure 3.10 shows this sample categorisation in

term of one dimensional sampling.

Traversing length

| ~ Sampling length
_/\_f"\/' |

.
< ——

Assessment length ‘

¥

Figure 3.10 Sample categorisation based on the coverage area of the sample.

In the research, this categorisation is also implemented. The traversing length
corresponds to a maximum scanned area by the camera. Meanwhile, assessment
length is similar with the ROI of the image. In the research, ROI is defined as a
lesion area in the scanned image. In this research, sampling length, additionally, can
be considered as the smallest subdivided area of the developed algorithm. The next
chapter of this thesis will present the determination of the optimum sampling area for

surtace roughness algorithm.

3.5 Surface Roughness Parameter

Most of 3D surface parameters are extended from the earlier 2D parameters of
surface roughness. These 3D parameters were initially proposed and listed in 1990s.
‘The parameters consist of 14 parameters leading it to be known as "Bir-mingham 14"
[88]. New parameters were included to the list 5fterward. The ASME B46.1 has
also included some 3D parameters in their standard. Currently, several 3D

parameters are being viewed to be adopted as the international standards [90].

Surface parameter is divided into three main groups, each of which is
differentiated based on the direction of the measured unit. The groups are including

amplitude, frequency, and combination of amplitude-frequency based parameters.
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Meanwhile, the calculation of the amplitude parameter has applied the vertical
distances of the surface data points. The frequency parameter is calculated based on
the distances at horizontal direction. To accommodate a measurement from both
dircctions. these two parameters are combined in order to provide an amplitude-
frequency parameter. Figurce 3.11 displays the distances used for surface roughness

determination.

Vertical distance

Slope:
combination of
vertical and
horizontal
distance

Marizontal distance

Figure 3.11 Three main groups of surface roughness parameters.

Several roughness parameters are classified as amplitude parameters such as
average roughness (Sg). root mean square roughness (S;), maximum profile peak
height (5, ). maximum profile valley height (S,,). maximum height of the profile (5¢).
and average maximum height of the profile (S;). Here, average roughness (S,) 1s
defined as the average of the absolute vertical deviations measured from the mean
surface. Root mean square roughness (S;), meanwhile. is determined by applying
root mean square to the profile measured from the mean surface. Maximum profile
peak height (S5,,) additionally refers to the distance to the highest point of the profile
measured from the reference surface. Maximum profile valley height (S,) and
maximum height of the profile (5,) are determined as the distance of the lowest point
to the reference surface and the distance between the highest and lowest points of the
surtace profile, respectively. Lastly. the average maximum height of the profile
relers (o the average of the successive values of S, ; which is calculated over the area
of the profile. The S;; in this case is the maximum height of the profile within the

sampling length of i-th. Usually, the measured area is segmented into several
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sampling areas. If the measurement is applied to the whole areas, S, will be equal to

S,.

Furthermore, the mean peak spacing can be used to determine the surface
roughness based on a horizontal distance. This parameter is denoted by variable of
$S,,. which is calculated by averaging the distance between zero crossings of the
profile. At this point, two conditions needs to be satisfied to specify a crossing as
zero crossing. The first condition is the greater maximum profile height between two
zero crossing compared to a threshold. The threshold is usually set at 10% of S;.
The sccond condition is that the spacing between two zero crossing is greater than a
threshold; typically it is 1% of the sampling arca. Furthermore, a slope is used as a
hybrid parameter that combines the amplitude and frequency parameters. The value
is determined as the ratio of the vertical to the horizontal distances of two
consecutive data points. To increase sensitiveness on the spacing of data points, six
consecutive points are used in the slope determination. The average roughness is
mostly used among the amplitude parameters that can represent the actual vertical
deviation of surface, minimise impulse noises, and consider all data points in
roughness determination. A research on tactile perception also shows that perceived
coarseness by human on several paper surfaces is correlated (R?=0.73) with the

surface roughness of the papers [96].

3.6 Imaging Methods for Skin Surface Roughness Measurement

As mentioned in the earlier section, the skin assessment based on human senses
and perception can result in a subjective assessment. To obtain objective results, a
system of assessment and measurement based on imaging technologies has been
developed. This research is focused on skin surface roughness as a characterisation
parameter of skin lesion. Objective measurements of skin surface roughness have
been attempted by several methods. The method of the skin roughness measurement

can be grouped into invasive and non invasive method [97].

In invasive method, an incision procedure is required to provide sample data.
For skin roughness measurement, a piece of skin sample is cut from the patient body.

The measurement will be performed separately from the human body. This
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procedure is widely known as skin biopsy. High resolution and tiny details of skin
sample surface can be acquired by microscopic camera. The skin sample preparation
is conducted by a plastic surgeon or dermatologist. A pathologist will handle the
analysis part of the skin sample. Both processes require’ well trained medical
personnel and may take 3 to 10 days for the results of the anaij'sis [98]. For instance.
the skin surface topography of wrinkles on elderly people is measured by light
microscopy and scanning electron microscopy. Here, the measurement will detect
the loss skin élasticity at wrinkled area. The skin sample is obtained by performing
skin biopsy on the skin sample [99]. Scanning Electron Micfoscopy [100] on skin
sample is considered as an invasive method. The texture impression is then observedi -
using microscope to photograph the microscopic pattern of skin ridges and furrows.

" In this case. the 3D features cannot be analysed through the microscope observation.

Non-invasive method does not require skin cutting to obtain the sample. This
method is preferred by most of the patient. Measurement can be performed as either
non-direct or direct measurement. In non-direct measurement, the equipment is not
applied dircetly to the skin surface. The process requires a skin surface replica to
represent the actual surface. Conversely. the direct measurement does not need skin
replica. The equipment can be applied directly to the skin surface of the living

person. This method is alse known as in-vivo measurement.

Direct measurement method is applied in early developments of surface
- roughness measurement. A high precision profilometer using sharp stylus is used to
obtain profile lines of skin surface 'repIica (1017 [102] [103]. Since 1962 the silicon
~ rubber plastic has been used to make an impression of skin texture by Sarkany [104]
[105]). The process of replica preparation is not simple. Two mould steps using
silicon materials have to be completed to obtain a skin replica. The first step is to
create negative impression of skin surfaces. The negative impression is then used to
cast a positive print of the evaluated surface. Since the process is performed
manually, significant errors can be introduced in both replication steps. An
expericnced technician is required to prepare skin replica accurately. To complete
the replication process, it can take few minutes (3 to 15 minutes) for the first step and

several hours (3 to 5 hours) for the second step |106]. For another impression
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material. it can take 24 hours to harden the skin replica [101]. Even though
profilometer machines can measure with high resolution, the measurement process
iself is very slow. Therefore this method cannot be adapted in daily practice that
requires simple, reliable, and fast procedures. For instance, scan speed of stylus
profilometer as used by Gassmueller er al. {107] ranging from 0.15 to 1.00 mm/s

[108].

Light medium is applied to improve scan speed in surface roughness
determination [109].  Three-dimensional (3D) imaging and computer vision
algorithms are applied to enable a fast scanning and measurement at high resolutions.
By using imaging technologies, characterisation of surface components will not be
limited by the dimension of the profilometer stylus;-_instead. surface characterisation
and filtering process of imaging technologieé" can be performed through

computational operations.

By using a laser profilometer, light profiling can speed up the scanning process.
Scan speed of optical profilometer used in [110] can be increased until 250 mm/s
[111]. 250x greater that scan speed of styius profilometer. By applying light
profiling. either a direct or non-direct surface measurement can be performed on skin
surface {112]. Skin replica can be provided for light profiling to ensure the scanned
surface is firm and stable. The measurement of laser scanner is itiitially applied in
cosmetic industry — in which, as mentionéd in [113], it is used to measure skin
surface indicators. The cosmetic efficacy is evaluated based on skin surface
indicators, such as fold reduction, skin smO(-)thness, and skin tightness.' Skin surface
roughness is measured to evaluate those skin indicators, Laser profilometry has been
used to determine surface roughness. In the research, the laser does not scan the skin
surface directly but it scans the skin impressions of the actual skin surface. These
impressions are made of silicon materials and measured at size 3 mm x 3 mni-[l 13}
Skin roughness analysis is also performed to quantify skin aging. Initially, a skin
replica is required to extract the skin texture. The skin replica, made of an araldite

casting resin, is scanned to provide several quantitative parameters such as R, Rp,

R¢, Rpax, and others [114].

Stripe projection method has been applied to determine in vivo. skin surface
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roughness [115]. By measuring in vivo skin surface roughness. tnaccuracy caused by
skin replica is investigated [116]. A 3D optical scanner using fringe projection
method is used to acquire 3D surfaces from the actual skin surface and skin replica.
Both scans are compared to find the 3D surface with better quality. It is found that
fringe projection method on the actual skin surface can extract surface profiles more
detail. Fine structures of skin surfaces cannot be represented during the process of

replica making.

In the research. the skin roughness parameter of a psoriasis lesion ts measured
by analysing a number of digital images of lesion samples. The roughnesé paraméter
of ‘-healthy and -unhealthy skin can be characterised by roughness parameters such as
R,. Ryq. and peék-pcak height (R,,) [117]. These parameters are extended to measure

the 3D surface roughness.

Surface roughness also can be measured from the speckle texture of the surface.
The image of speckle texture is projected from scattering of coherent light in a rough
surface. The contrast of the speckle i1s found to be related to the surface roughness
{118}. A number of the texture analysis methods. such as co-occurrence matrix |1 19]
and fractal analysis [120], have been applied to determine the roughness from the
speckle images. In a recent research, Tchvialeva ef «l. [109] proposed a speckle
contrast method in order to determine the surface roughness. The resuits. afterward.

have been validated with the results obtained from a fringe projection method.

Several mctho.ds are available for skin roughness determination. However, there
are uncertainties in the methods that have not been defined yet. The methods have
not becn validated at various locations of the body surface. The reported studies
have been selective in the location of the body surface such as cheek _[_'112"]1,, back
hand & upper buttock [122], facial area.[r123], volar forearm, lower back, ihigh and
lower leg {124]. It is pertinent that the measurement is reliable at any location of the
body surface. In addition, it is found that most of the reported researches do not
focus on surface roughness of marked lesion {121] [124) [123] whereas in clinical
practice. surface roughness is not only measured to normal area but also to skin

lesions.  Table 3.1 summarises the comparison of 3D acquisition methods -
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mechanical surface profilometry. laser profilometry, light scattering. and structured

light projection - that currently used for surface measurement.

Table 3.1 Comparison of 3D acquisition methods for surface measurement.

Methods Advantages Disadvantages
. * Measurement is * The scan resolution of stylus profilometer is limited by
Mechanical . . L
surface performed to the the stylus size [79]. If the size of stylus tip is bigger than

profilometry

object without any
prior treatment [80]

The measurement
can cover a wide
range from tens of
microns to ten of
mm [80]

the vertical gaps then a number of vertical points might
not correctly be profiled by the stylus tip [80].

The scanning process can be time-consuming. To obtain
topographical information. a number of the consecutive
line scans are required. To reduce scanning time. the
sample area is limited to a small size only-[79] [80]

Contact stress of stylus tip can damage and scratch the
surface especially for the soft materials [80]

Laser
Profilometry

Provides high
resolution scan

It has ability to scan
deep surfaces

The laser light can
adapt with any
kinds of materials

The scanning process that cannot be performed as a fast
measurement -

The sutface information obtained is not a grid matrix of
elevation data. An algorithm for converting coordinate
system is required to construct the grid matrix

The scanning cannot be properly performed for the
regions with some vibrations on the surface such as skin
surfaces at the chest regions

= The methods can

The method requires sophisticated system arrangement

Light . . . L
A5 provide non-contact and standardised environment lighting,
Scattering measurement and y
and Speckle - = The measurement surface is usually limited to the small
. fast scanning [77] .
Imaging SiZe area,
Structured = By performing fast | = The resolution of the measurement is limited by the
Lioht scanning, the resolution of the projection
=0 method overcomes . . . S

Projection = And the imaging CCD arrays. Multiple projections and

the scan problem on . . =, -

. muitiple viewing cameras can be used to improve the
N constant vibration .
hY . resolution of the measurement.[86]
of skin surface
. = Elevation cannot be measured accurately at local
® Scanned surface is .
. . shadows and isolated surfaces[87]

acquired as a grid

matrix at high

resolution

3.7 Summary

Chapter 3 presents a comprehensive description on surface roughness
measurement methods. A surface roughness analysis in early years has been

Manufacturing and metallurgical process

The

described in the beginning sections.
applies a mechanical surface profilometry to quantify the product surfaces.
profilometer system, at this point, has utilised a sharp needle to extract the profile
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elevation at a high resolution. However, there are drawbacks in the method related
to the physical size of the needle. A small needle tip might damage the surface
whereas the bigger tip might lose the profile details with narrow gaps. Some
imaging technologies are proposed to overcome these problems. Here. the imaging
system measures the surface diréct_ly without any physical contact. In this chapter.
well-known surface imaging methods are reviewed. The methods are laser

profilometry. light scattering. speckle imaging. and structured light projection.

A laser beam is emitted and directed line by line to the scanned surface. The
lascr triangulation is used to determine the position of a target based on the reflected
light. The surface elevation is linearly proportional to the reflected light deviations.
Although the laser system can.provide high resolution images. the process is
considered to be lime-consuming.: i;ight scattering and speckle imaging arc another
methods applied to measure surface roughness. In these methods. a light beam is
projected to the scanned surface. Both methods utilise its reflection to interpret the
su_tfacc roughness. These methods can provide non-contact measurement and fast
scanning but they require sophisticated system arrangement and standardised
cnvironiment lighting. A more advanced method of 3D surface measurement s the
structured light projection. The method projects some particular structured patterns
onto the measured surface. The surface elevation of the scanned surface is
determined from the deviéted patterns on the surface. This method can perform high

resolution scanning at high speed scan.

Surface filtering and surface roughness parameters are defined to enable a
surface roughness determination. Surface filtering, in this case, is performed to
extract roughness profile from the waviness and form components. The filtering
methods are available, such as Fourier transform, Gaussian filter. wavelet filtering.
and polynomial surface fitting. Digital Fourier transform is applied to identify the
roughness from its frequency domains. Furthermore, Gaussian filter is applied in
order 10 smooth the surface profile. However, Gaussian filter also has some
drawbacks such as edge distortion, unable to filter a surface with a large form. and
unreliable to deal with the surface outliers. Wavelet filter is used to analyze data at

multi-resolution levels. However, the filtering process not only requires high



computational costs but also is difficult to define the number of decomposition
levels. The polynomial surface fitting as the last filtering method has been widely
used in 3D surface characterisation. The surface fitting determines the mean plane
that represents the nominal direction of a surface. The fitting can any arbitrary
curved forms including cylindrical and spheres. Several roughness parameters are
_ defined to determine the surface roughness. The parameters are classified into three
~ groups: amplitude, frequency. and combination of amplitude-frequency. Average
roughness — an amplitude parameter — is considered as the most reliable parameter

and can adopt the characteristics of the natural surfaces.

The skin assessment based on human senses and perception can result in a
subjective assessment.  Imaging technologies have been developed to enable
objective assessment. The method of skin roughness measurement is grouped into
invasive and non invasive methods. In invasive method, an incision procedure is
required and the measurement is performed separately from the human body. High
resolution and tiny details of skin sample surface can be -acquired by microscopic
camera. The process requires well trained medical personnel and may several days
for the results of the analysis. Non-invasive method does not require skin cutting to
obtain the sample. This method is preferred by most of the patient. Measurement
can be performed as either non-direct or direct measurement. In non-direct
measurement, the process requires a skin surface replica to represent the actual
surface. Conversely, the direct measurement can be applied directly to the skin
surface of the living persog. Direct measurement method is applied in early
developments of surface roughness measurement. A high precision profilometer
using sharp stylus is used to obtain profile lines of skin surface replica. The replica
making process is not simple. Significant errors can be introduced in the skin replica
due to manual preparation. Light medium is applied to improve scan speed and
profiling accuracy in surface roughness determination. The light profiling can be
applied as either direct or non-direct surface measurement. The measurement of
laser scanner is initially applied in cosmetic industry to evaluate the cosmetic
efficacy. Several quantitative parameters such as R, Ry, Ry, and Rppq, are used to
represent surface roughness. Stripe projection method has been applied to determine

in vivo skin surface roughness. By applying in vivo measurement, inaccuracy
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caused by skin replica can be minimised. Skin surface roughness is also measured
from the speckle texture of the surface. The speckle contrast is related to the surface
roughness. The texture analysis method is also used to determine the surface
roughness from the speckle images. These mentioned methods have been applied for
skin roughness determination. However, the methods have not been validated at
various locations of the body surface. It is pertinent that the measurement is reliable
at any location of the body surface. In addition, it is found that most of the previous
works do not focus on surface roughness of marked lesion. In the research. a surface
roughness algorithm based on polynomial surface fitting h;as been developed to
enable objective measurement. The development of this surface roughness algorithm

is elaborated in the next chapter.
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: CHAPTER 4
DEVELOPMENT ON SURFACE ROUGHNESS ALGORITHM

Chapter 4 is to describe the development of surface roughness algorithm. This
chapter consists of several sections. The first section discusses in detail about the
" developed surface roughness algorithm by applying a high order polynomial surface
fitting. In this case. a surface waviness is filtered out from a rough curved surface
using the application of this polynomial surface fitting. The rough surface will
afterward be flattened and the remaining vertical deviations are used to determine
surface roughness. The following section describes a validation study on the surface
roughness algorithm that is conducted to determine the accuracy and total standard
deviation. In the next section, these values are used to analyse the 'é'ystem
performance. This chapter also includes an evaluation on the rotational invariance
and the sample area determination. These studies aim to evaluate and to define the
algorithm limitations. The final section of this chapter summarises all of the

materials presented.

4.1 Surface Roughness as Scaliness Parametéhfor PASI Scoring

As mentioned in the earlier chapter, surface roughness is used as the measurable
features to grading tl-l_e psoriasis scaliness. These features are selected based on the
surfécé appearances of the lesion with different scaliness scores. Rougher surfaces.
which are caused by irregular stack of dead skin cells, are found at a psoriasis lesion
with higher severities. Imaging modalities i.e. 3D optical scanner is now available to

perform fast surface scan at high resolution.

Figure 4.1(a)-(c) describes the 3D correspondence between skin surface
roughness and scaliness severities (scores). Figure 4.1(d) illustrates the roughness

profiles of normal skin; i.e.. lesions with score 1 and score 4. [n lesions with score 4,
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large vertical deviations have been observed that are caused by excessive coarse
scales irregularty stacked on the lesion surfaces. The scores are provided based on
dermatologists’ visual and tactile perceptions. In this research. an imaging method is

developed to assess scaliness objectively and accurately.
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|— Normat skin - Score 1 ~=-Score 4| °

Zimm)

3
X (mm)

(d)

Figure 4.1 3D surfaces of (a) normal skin, psoriasis lesion (b) score 1. and (¢) score
4; (d) Rough profiles of normal skin (solid line}), lesion score 1 (dotted line). and
lesion score 4 (dashed line).

4.2  Surface Roughness Algorithm

The 3D surface roughness is determined by averaging the vertical deviations of the
lesion surface. Because lesions appear on 3D curved surface (human body). the
vertical deviations due to the lesion is determined by subtracting a lesion surface

from an estimated waviness surface as shown in cross-sectional view in Figure 4.2.

Vertical deviation

Lesion surface

Estimated waviness

Normal skin

Figure 4.2 The cross-sectional view of a skin lesion on normal skin surface
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A 3D optical scanner with a structured light projection method, namely PRIMOS
{(Phase shift Rapid In vivo Measurement of Skin) portable, is used to acquire some
lesion surface images. This optical scanner is designed for 3D in vivo measurements
of a microscopic and macroscopic skin surface structure [125]. The structured light
projection method is applied by PRIMOS camera to obtain the 3D surface image.
The method provides a number of advantages such as standardised capture distance
and high-speed scan (<63 ms). A high-speed capture is important for a skin surface
measurement due to the inevitable movements of the subject. The PRIMOS has a
high-resolution 3D surface (spatial resolution: 0.0062 mm and depth resolution:
0.0040 mm) in which its image is used as the input to the developed algorithm to

determine the surface roughness.

A higher-order polynomial surface fitting is applied to the rough lesion surface to
extract an estimated 3D waviness surface from the rough lesion surface. By
subtracting the rough lesion surface from an estimated waviness surface, the vertical
deviations of lesion surface can be exactly determined. The vertical deviations of a
lesion surface are known as the deviation surface. The second and third order
polynomials are applied in this work. These polynomial orders are suitable for the
small surface areas in that the vertical undulation of the waviness surface is lesser

[931.

4.2.1 Polynomial Surface Fitting

As the lesion surface is not always flat, a polynomial surface fitting is required to fit
a lesion surface. The second and third order polynomials are applied in this work.
These polynomial orders are suitable for some small surface areas [93] such as
lesion. In the small area, the vertical undulation of the estimated waviness is less and
can be accurately fitted with the second and third order polynomials. The general

form of polynomials can be written within the following equations [126]:

The second order polynomial:

22(x,¥) = (@422 + ax + az)y? + (@, x% + agx + ag)y +

4-1
(a;x% + agx + ag) (-1
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The third order polynomial:

7250, y) = (@1 %% + apx? + azx + a4}y + (asx® + agx? + ayx + ag)y?
+(agx® + asox? + ajx + agz)y (4-2)
+(a;3x% + a0 + ajsx + aze)

To create a surface based on a polynomial equation, 9 and 16 polynomial
coefficients are required for the second and third polynomials. respectively. The
\coefﬁciem of determination (R’) is used to measure fittingness of polynomial fitting
[127]. A good fit can be obtained if R” is in interval [0.9. 1.0]. The best fitting result
of the polynomial orders is selected based on the highest R*. The equation of R is
expressed in following equation:

Moy 2
120 (20 ) — wilxo )

R2=1-— . (4-3)
1L 2 (z(xyy) - 2)

where z(xl-, yj-) represents the elevation of lesion surface. Z represents the clevation
average and wk(xl-,yj) is fitted value at (x;, y;) using &-th order polynomial. The
surface roughness is determined by using average roughness (S;) equation [128]. In
this equation. the surface roughness is calculated by averaging the absolute vertical

deviation of all data points. The average roughness, S,, is defined as equation below.

Variable e(xt-, yj-) denotes the vertical deviation of lesion surface at (xi, yj-).

~

Su= 3 2 2|70 n) = wil )l =g 2 D JeGan)l @

i=1j=1 i=1 j=1

4.2.2 Surface Roughness Calculation

The surface roughness algorithm is described by the flow chart shown in Figure
4.3. In this flow chart. the fitting process of the second and the third orders are

performed separately in order to get the best fit based on R
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Figure 4.3 Flowchart of the surface roughness algorithm.

The detail explanation on surface roughness algorithm is described as follows:

Input a 3D lesion surface matrix, Zy(x, y). with size M X N (see Figure 4.4).
The coordinates x, y, and its value z(x,y) are then used to calculate some

polynomial coefficients. The total data point in lesion surface is M X N.

Divide the lesion surface into 2x2 subdivided surfaces that gives four subdivided
surfaces, namely Dy, [h, [k, and Ds, as shown in Figure 4.4, Half division-is
applied symmetrically to each side of the lesion area, thus the size of f_:ac'h\

subdivided surface becomes % g =L

For each subdivided surface, /i to D4, determine the polynomial coefficients of
the selected order from coordinates x, y, and z(x, y) through a matrix inversion.
This inversion is performed separately for all subdivided surfaces. As described
in (4-5), matrix ¥ contains the elements of the polynomial equation, the

coefficients of polynomial equation are stored in matrix A4, and matrix Z
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represents the subdivided lesion surface.

VaA=27 A=V"1Z ' (4-3)

¥ {mmj X (mm)

Figure 4.4 The segmented rough surface of the lesion model and its 4x4 subdivided
surfaces.

d} TFor the first stage, the second order polynomial is selected to find polynomial
coeflicients 4. Once the coefficients have been determilled._ihc estimated
waviness surface can be constructed. The waviness is obtainéd by applying
calculated polynomial equation with polynomial coefficients A at the evaluated
coordinate points (x, y). The matrix equation (4-5) can be written as VA4, = Zp,

to denote a second order polynomial fitting at subdivided surface Dy.

¢) The matrices elements of 12, A2 and Zj arc given by the following forms. Here,

variable £ refers to the total number of data points at a subdivided surface.

—xizlﬁz XYt J’12 Xyr 0y Y x5 x 17

X5yi Xyi ¥ Xiy: X3y2 Y2 X5 Xx» 1
Vo= %53 i o vi Ays xys vz ox ox 1 w
2T 2,2 2 2 2 2 1 (4-6)

X Ve XaYa Y4 XaYa XaY4 Y4 Xi Xg

xtyE xyi oy oxive oy v x ox 11
A;=[ay ap az - ag ao]” (4-7)
Zp, :[Zol(xp}ﬁ) Zol(leyz) ZD,(X31Y3) ZDl(eryL)]T (4-8)

) The matrix of polynomial coefficients 4> is unknown and inversion 4, =

VZ“IZD1 is applied to determine its values then. The polynomial coefficients of
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A are determined by applying the equation below.

24,2 2 -1 ]
117 xfyi xyi yio 2 o 1 Zﬂa(xl'yl)
2,2 2 .2 2
a; X5Y: XV y: ot % Xy 1 ZDl(x;z:}’z)
2.,2 2 .2 2
A3l _|x5y; x3y5 y3 o x5 x3 1 % zp, (X3, ¥3) (4-9)
2.,2 2 .2 2
a XiVi Xa¥i Yi v Xi o xg 1 Zni(xm%;)
8
L0 g 2,,2 2 2 2
Wiy xyp yi xp xp 1. | zp, (X1, Vi) ]

g) Waviness surface W,(x,y) (Figure 4.5-b) is estimated by applying the second

1)

order polynomial surface fitting with coefficients A2. The estimation is limited
for (x,y) coordinates at Dy area. An equation for determining W (x, y) is shown

by following expression.

W, =V, A, L (4-10)
wa(xy, )] [¥ivi xayi ¥ o 1] ra;
w(x2,¥2) X35y x¥i ¥y v ox oxm 1| |a
walxs, ¥a) | _tx3yi x3¥f yi - xi xz 1|, |9 @-11)
wo(xa, Ya) | x2y2 xv¢ vE - xi x4 1
1. .| 19s
wa (o, ¥ ) Iy xv y2 o o x2 ox, 11 e

Deviation surface, E;(x,y) (Figure 4.5-c), is determined by subtracting the

estimated waviness, W;(x,y), from the lesion surface Z, (x,y). The equation is

Ey(x,y) = |Zol (x,y) ~ Wz(x-Y)l-

The coefficient of determination (R?) is calculated to evaluate the fitting result.
Here, W,(x,y) is-accepted if R? is within [0.9, 1.0]. The equation for
determining R? is provided in (4-3). Notation RZ(D;) is used to denote the R?
of the second order polynomial surface fitting at the subdivided surface Dy.
Equation (4-3) is used to determine this coefficient. .

Mo N 2
LD (Zul (xiy7) - Wz(xi-yj))

M N
2 2

R%(Dﬂ =1- )
i=1 j=1(ZD1(xi’yj) - Z_Dl)

(4-12)

Equation (4-4) is used to determine the surface roughness S, at the subdivided
surface D;. The input variables for this equation are deviation surface E,(x,y)
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N'EZ

with matrix size

N‘E

wlZ

1

(—m)" |2, (%0 ¥7) — wz(xi,yj')] (4-13)
2 2/

M
Sa,z (Dl) =
=1 /=1

Notation S, ,(D;) is used to represent the surface roughness of the subdivided

surface Dy that is determined by the second order polynomial surface fitting.

k) Repeat step 4 to 10 to compute the surface roughness values for other subdivided

)

surfaces. [, 1o D,. These computations are performed separately for each
subdivided surface. The overall surface roughness of Jesion surface is obtained
by averaging the surface roughness of subdivided surfaces. Here. the surface
roughness of a subdivided surface will not be included in final calcuiation if
R* of polynomial surface ﬁttiﬁg is not within an acceptable interval [0.9. 1.0].

Thus. the overall surface roughness of lesion surface can be expressed as

Z?=D1 Sa,Z (Dl)

- ,if0.9 < RZ(D,) < 1.0,Np < 4 (4-14)
D

Sa2 =
The overall coefficient of determination R?is computed as well by using the
equation below.

— 28 R(D))

R? ~ ,if0.9 < RZ(D;) <1.0,Np <4 (4-15)
D

..

Perform some similar steps as step 3 to step 11 but, instead of by fitting to a

second order polynomiai, use the third order polynomial surface fitling to

" estimate a waviness surface. For the implementation of third order polynomial to

the subdivided sifrface Dy, equation (4-5) can be updated as V3A3 = Zp, .

m) Matrices elements of V3 and A3 are arranged as in the following forms. There is

no any difference in the input data Z,,, compared to the previous steps. Variable

L here represents the total number of data points of the subdivided surface D, .
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(4-17)

n} The inversion of A; =V;'Zp, is applied to determine the polynomial

coefficients A5 and its equation is given as follows:

a, xfyf
az x3y3
) _|x3y3
- X3y
U5

fod afyd

0) Estimated waviness surface W3(x,y) is

2.,3
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coefficients Aj; into the following equation.
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1

a5
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p) By subtracting the estimated waviness W,(x,y) from

(4-18)

kZDI(XL,yL)_ '-. K

obtained by the substitution of

(4-19)

the lesion

surface Z D-1 (x,¥), the deviation surface E;(x,y) is determined. The eciuation of

this subtraction is E5(x,y) = |ZD.1 (x,v) — W, (x,y)|.

q) The coefficient of the determinant and surface roughness of the measured

subdivided surface D; can be given by following equations.

R%(Dl) =1-

M
z

I

N
3

i=1

(201 (xi' Yj) — ws (2, J’j))z

M
z

64-

3 _ N2
Xy j:l(zvl (xi'yj) —Zp;

(4-21)
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PRI
Sas(Du) = WZ ZIZDl(xfryj) —ws(x, ;)| (4-22)
2

2/ =1 j=1

r) Determine S,3 and R for the remain subdivided surfaces.D,. D;, and D,.
Henee, the overall surface roughness and coefficient of determination arc

determined by

Np
S, (D . ,
SQ,R = ;:1!\]—’3&"2, if 0.9 < R%(DI) < 1.0, ND <4 (4_23)
D
— Yo R2(D,
R% = M, if0.9 < R%(Di) <10,Ny <4 (4-24)

Np

s)  Coelticient R—§ and R_§ are compared to decide the best order of the polynomial

surface fitting. The overall surface roughness S, is obtained from the calculation

that can give a higher RZ value. For cxample. ifR_z2 is found to be higher than
?i’_f Sa2 is considered as the overall surface roughness. Consequently, the
surface roughness of S, 3 would be discarded. A subtraction between a lesion
surface and an estimated waviness is shown in Figure 4.5. This subtraction

vields deviation surface. The average roughness equation is applied to the

deviation surface to compute the lesion surface roughness.

x (mm) % {mm}

(at

Figure 4.5 The 3D surfaces mvolved in surface roughness determination: (a) lesion
surface, (b) estimated waviness. and (c¢) deviation surface.

Higher polynomial orders (higher than 3rd order) are not selected in cstimating
waviness surface. This limitation aims to avoid over fitting on rough profile of the

lesion surface [129]. In over litting condition. the estimated waviness tends to follow
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the actual profile of lesion surface. Therefore, the fitted surface does not measure the
vertical deviations accurately. Figure 4.6 shows comparison of the waviness profiles
that have been estimated by applying surface fitting with several orders. It can be
shown that fitting lines of second (red line)-and third orders (green line) are able to

follow the rough profile curvature better than fourth and fifth orders.
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Figure 4.6 Rough surface and fitted profiles of a lesion model. The first, second,
third and fourth orders are applied to determine the fitted profiles.

These surface and fitted profiles are extracted from a lesion surface. The size of
lesion surface is 75 x 69 pixels representing 4.710 x 4.326 mm®. The profile line is
located parallel with Y-axis at point x equals 50 pixel (3.150 mm from the vertical
edge of the 3D surface). The fourth and the fifth orders are not able to fit properly on
the lesion surface. The fitting process is trying to fit undulated profiles at centre
area. Therefore. the edges of fitted surface are released freely and not set to follow
the lesion curvature. Finally, the fitting error are minimised at centre area but it
becomes very large at the edges. Figure 4.7 (a) and (b) demonstrate the success of
the second and third order polynomial surface fitting implementations. The lesion in
this figure is the same lesion that has been mentioned in previous plot (Figure 4.8).
The estimated and deviation surfaces are shown for each fitting order
implementation. The fitting results of fourth and fifth orders are shown in Figure 4.7
(¢) and (d). Their waviness estimation cannot be used in surface roughness

determination because the the estimated waviness does not follow mean curvature of
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the lesion surface. The coefficient of determinant (R?) of both calculations are less

than 0.90.
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Figure 4.7 (a) 3D surface of a lesion model. (b) — (e) The estimated waviness and
deviation surfaccs that are determined by applying several different fitting orders.

4.3 Validation Study

4.3.1 Surface Roughness Measurement: Abrasive Paper

Several abrasive papers with several different roughness grades have been tested to
validate the surface roughness measurement on various rough surfaces. There are
five grades here used for the validation, those are 16. 24, 60, 80, and 280. Gradc
value (G) follows the standard of United States CAMI (Coated Abrasive
Manufacturers Institute) [130]. The grade is inversely proportional with the surface
roughness. Rougher surfaces are valued by smaller grades. Notation 1/ is usually

used 1o relate lincarly proportional to the surface roughness.

A total of 72 3D surfaces are scanned for cach grade. Since there are five grades
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evaluated in this study, the acquisition finally gives a total of 280 surfaces. A surface
roughness algorithm is applied to the collected 3D surfaces. Table 4.1 lists surface
roughness and its standard deviation for each abrasive grade. As listed in this table.
the surface roughness increases proportionally with 1/G. Average diameter is an
average size of the abrading particles embedded in the abrasive paper. Figure 4.8,
meanwhile, shows 3D surfaces of the abrasive papers. The surface images are
ordered from the less rough to the very rough surfaces. Subsequently, several
impulse noises appear in the rough surfaces as a result of the reflectivity of the

abrasive particles. The scanner could not scan correctly on the shiny surface.

zim

(d) (e)

Figure 4.8 The 2D and 3D images of abrasive papers used in the surface roughness
validation. The roughness grades are (a) 16, (b) 24, (c) 60, (d) 80, and (e) 280.

Table 4.1 The surface roughness of abrasive paper

Grade Average = S,+0 | S;—-¢

Values (G) | diameter Egmm) 1/G Sq (mm) | o (mm) (?nm) ((;nm)

280 0.044 0.004 T 0.0122 | 0.0007 | 0.0115 | 0.0128

80 0.192 0.013 | 00856 | 0.0090 | 0.0766 | 0.0946

60 0.268 0.017 | 0.1101 | 0.0380 | 0.0722 | 0.148]

24 0.715 0.042 | 02552 | 00336 | 02216 | 0.2888
16 | 1.320 0.063 [ 04517 | 0.0555 | 03962 | 0.5072 |

The results of Table 4.1 are then plotted, as displayed in Figure 4.9. The relation
between 1/G and S, is proven by using Pearson’s correlation coefficient. The

68



correlation value of §, and 1/G is 0.989 showing a strong relation between them. A
positive stgn furthermore represents a linear relationship, which means that the
smoaother surface (small S, value) is represented by a small number of 1/G. This
value proves that roughness algorithm can be used to determine a roughness grading.
Since the surface roughness i1s an amplitude parameter, its value will relate to a
particle size. The rougher surface is composed by particles with a bigger diameter
size and results in a number of higher amplitude deviations. Therefore. 1/G. which
ts given based on particle size and the surface roughness, is linearly correlated.

S, (mmy
0 550

0.500

0450 y =7.162x -0.013 »

R2=0.989 - {
0,400

D200
iy 150

D100

0.000 2.010 0.020 0.030 0.040 2.050 03.060 0.970
1/Grade

Figure 4.9 Plot of surface roughness vs. 1/G (CAMI grade) obtained from
measurement on abrasive papers.

4.3.2 Surface Roughness on Curve Surface: Mannequin Surface

1o model a skin lesion, a medical tape that has regular and uniform texture on its
surface 1s used. The tape has regular and uniform texture on its surface. It is made
trom an clastic material. Thercfore, the tape can adapt the surface curvature when
located onto any surfaces. However, to preserve its texture characteristics. the
medical tape has to be pasted onto a smooth surface only. The average surface
roughnesses S, of 33 lesion models are used as the reference. These reference

models are pasted at a hard paperboard flat surface. By applying lesion models on
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the flat surface, some vertical undulations caused by a curved surface would not
contribute to the surface roughness measurement. Then, it could be ensured that only
vertical deviations of the lesion mode! contribute to the roughness calculation.

Figure 4.10 shows the lesion models at flat surface.

Zi{mm}

Figure 4.10 (a) Lesion models made of surgical tape are pasted on the flat surfaces
of paperboard. (b) A 3D surface of lesion model.

In this experiment, the lesion model is scanned three times by applying a series of
scans on the scanner mode. The scanning process of 33 lesion models has then given
a total of 99 3D surface images. The surface roughness of a lesion model is
represented by the average of surface roughness from these three consgcutive scans.
Additionally. the algorithm is applied separately for each 3D surface to obtain the
surface roughness of the lesion models. Since the model preparation is manually
performed, it results in a variety of sizes on the area of the lesion model. Table 4.2
shows the first 12 of 99 surface roughness measurements. In this case, the smallest

and the largest areas are 10.06x9.93 mm” and 14.14x10.69 mm?®, respectively.

Table 4.2 The surface roughness of lesion models at a flat surface

Lesion | Scan
model | index

1 1 0.0142 0.997 0.0138 0.997 0.0138 0.997 0.0139
2 0.0146 0.996 0.0142 0.997 0.0142 0.997
3 0.0140 0.996 (3.0137 0.997 0.0137 0.997
2 1 0.0123 0.998 0.0120 0.998 0.0120 0.998 0.0130

52 RZ Sas R3 Stinat Rlina Stinat

2 0.0122 0.998 0.0119 0.998 0.0119 0.998
3 Q0151 0.997 0.0149 0.997 0.0149 0.997
3 1 0.0124 0.994 0.0122 0.994 0.o122 0.994 0.0122
2 0.0125 0.994 0.0122 0.994 0.0122 0.994
3 0.0123 0.994 0.0121 0.994 0.0121 0.994
4 1 0.0123 0.994 0.0119 0.994 0.0119 0.994 00118

2 (rL0122 0.994 0.0118 0.994 0.0118 0.994
0.0123 0.994 0.0118 0.994 0.0118 0.994
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The surface roughness of lesion models are summarised in a histogram as shown
in Figure 4.11. From the histogram, average surface roughness S, and its standard

deviation are found to be 0.0122 + 0.0011 mm (J?Ref + JRef).
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Figure 4.11 'The histogram of lesion models pasted on flat surfaccs.

To validate the surface roughness algorithm on the curved surfaces of human
skin. the lesion models are placed on surfaces of mannequin that is made based on
the body size of human at adult ages. In common, mannequin is used for medical
purposes. The validation on mannequin uses a similar tape material with the
validation on the flat surface. As comparison, Figure 4.12 displays a lesion model in
which Figure 4.12 (a) shows a lesion model made of a surgical tape and Figurc 4.12
(b) shows the actual psoriasis lesion. Both of the objects are photographed at the

same resolution.

Figure 4.12 Lesion model (20<11.5 mmz) is made of surgical tape (left) and a
psoriasis lesion (right). The images are photographed by PRIMOS camiera.
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A total of 390 lesion models are pasted and distributed onto several locations of
the mannequin body. The lesion models are placed in the centre point of grid
arrangement with size 40x30 mm®. The centre point is selected to provide an
accurate image because the highly focused area is located in this point. The region
of the lesion models are defined following four regions (head, upper limb, trunk. and
lower limb) of PASI scoring. Table 4.3 presents a list of the distribution of lesion
models on body regions. Since each model requires a certain rectangular space, the
number of lesions is limited by the available areas for each body region. Figure 4.13

shows the mannequin used in the validation study and a 3D surface of lesion model.

-y

—
o
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- A
Upper limbs ™~ Lower limbs
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-’

2D image{

11.5 mm X

Figure 4.13 Lesion models are pasted onto life-size mannequin to simulate the
lesions. A 2D image and 3D surface of lesion model are shown in the figure.

Table 4.3 The distribution of lesion models on the body regions of mannequin

Body region Number of lesions
Head 6

Upper limb 87

Trunk 159

Lower limb 138

The validation process determines the accuracy and total standard deviation of a
roughness measurement on a 3D curved skin surface. The algorithm is considered
valid 1f the measured surface roughness of tapes (lesion model) is constant at any
locations on the skin surfaces. In this study, a surface of mannequin’s skin is used to

simulate the human skin surfaces. Table 4.4 presents several surface roughness
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values of the lesion models.

Table 4.4 The surface roughness of lesion models at a flat surface

- . . , e
. . . oL,
Lesion Body Width | Height 2 s Pe i
) . Sa.z Rs Sa3 RS Symar | Erron
Index Region (mm) {mm) @ . ; %)
S L (%
2 Head 10.05 9.04 0014 0.996 0.015 0.995 0.014 14.8%
6 llead 13.49 8.40 0.013 0.996 0.013 0.996 0.013 6.0%
7 Head 9.54 7.64 0.014 (.998 0.014 0.998 0.014 14.8%
4 Upper Limb 9.80 4.84 0.012 0.971 0.013 0.964 0.012 1.6%
- ISR —
3 Upper Limb 9.67 16.42 0.012 0.998 0.012 0.998 0.012 1.6%
& Upper Limb 10.18 3.82 0.011 0.996 0.013 0.994 6.011 9.8%
3 Trunk 15.01 7.77 0.012 0.944 0.013 (.905 0.012 1.0%
4 I'runk 9.93 6.49 0.013 0.992 0.013 0.992 (.013 0.6%
8 Trunk 12.22 [ 7.51 0.012 0.977 0.016 (}.962_‘ 0.012 1.6% )
— : | -
2 l.ower Limb 9.29 \ 12.48 0.012 0.982 0.014 0.984 0.014 14.8%
7 Lower Limb 10,18 L 5.73 0.613 0.959 0.014 (.950 0.013 6.6%
i 8 Lower Limb 9.67 l 1451 001t 0970 | 0.011 0.975 0.011 9.8%
L . i - L L. i

The surface roughness of lesion models on curve surfaces are then summarised in
a histogram as depicted in Figure 4.14. The average surface roughness S, and the

standard deviation of lesion models are found to be 0.0130 £ 0.0013 mm (Xqrpe T
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Figure 4.14 Histogram of lesion models pasted on curved surfaces.



4.4 Performance Analysis

4.4.1 Determination on Measurement Accuracy

To determine accuracy and total standard deviation of a surface roughness
measurement, the average S, of lesion models (33) on a flat surface is used as a
reference (Sqpef). The Sgper value is found to be 0.0122 + 0.0011 mm (Xger *
Orer). Meanwhile, the S, of lesion models on the mannequin surface (Sgeurve) 1S
found to be 0.0130 £ 0.0013 mm (X¢yrve & Ocurpe)- The following equations are
used for the error analysis of the algorithm. The calculation results of these

equations are described in Table 4.5.

Error = lfCurve - -"-fRefl (4-25)
— 2 2
Ototal = #JRef + Ocurve (4-26)
X —X
Accuracy = [1 - | C“”;_: Ref |] X 100% (4-27)
Ref

From the equation (4-25) and (4-26), it is found that the error is 10.0130 —
0.0122 | =0.0008 mm and the total standard deviation is (0.001 12 +.0.00132)”2 =
0.0017 mm. Afterwards, the algorithm accuracy is computed by applying (4-27) that
gives (1 — |0.0130 —-0.0122 | /0.0122)x100% = 94.12%. In this case, the computed
accuracy is the minimum accuracy. It implies that the algorithm accuracy is not less
than 94.12%. Based on the calculated standard deviation (o, ,,= 0.0017 mm), the

95% confidence interval ( Z,,,=1.96) for the calculated values were in the range of

£ 0.0019 mm tor the sample provided. This measurement range showed that it lay

within the depth resolution of the PRIMOS camera (0.0040 mm) [131].
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Table 4.5 Performance evaluation of the surface roughness algorithm.

| . Surface Roughness Parameter
Surlaces - ———
¥ (mm) 7 (mm) Accuracy (%)
| Reference 0.0122 0.0011
Curve 0.0130 0.0013
Absolute | [0.0130-0.0122/= | J0.00117 100015 = | (1= 595)x100% =
L Error 0.0008 0.0017 94.12 %

4.4.2 Evaluation on Rotational Invariance

The rotation invariance of the algorithm with the second and third order polynomials
are tested at the rotated surfaces of lesion model. Another surgical tape on a flat
surface with size more than 40 mm x 30 mm is used as the object. The rotation
angles are varied from 0° to 330° with the increment of 30°. Thus, 12 rotation angles
are applied to evaluate rotation invariance characteristics. Figure 4.15 shows the

rotated surfaces of lesion model.

L)

Figure 4.15 Rotated surfaces of lesion models by applying 12 rotation angles.

Five measurements are conducted for each angle variation. The S, of lesion
models with various rotation angles is obtained to be 0.0128 £ 0.0003 mm (X + o).
Figure 4.16 shows the S, of the rotated lesions within the acceptable accuracy
(>95%). The results then show that the algorithm is invariant to the rotation ot the
measured surface. This is made possible because the matrix inversion in a
polvnomial coefficients determination does not depend on thé element sequence of
matrices V and Z. A surface rotation will change the element sequence of these

ntatrices.
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Figure 4.16 S, of lesion models with a variation on rotation angles. The values of S,
are within acceptable accuracy (>95%).

To test the rotation invariance of a surface roughness algorithm, a lesion surface
obtained in two successive scans will be measured. The surface roughness of the
lesion images are then determined by a same user in separated calculation. Here,
there are 465 samples of the lesions (930 images). The lesion surface between the
first and the second scan are made slightly different. As an example (see Figure
4.17), the lesion surface of the second scan has been tilted in a clockwise direction
compared to the first scan. By applying a surface roughness algorithm to the lesions
(I'igure 4.17), the measured S, for the first and the second scans are to be 0.0371 mm

(R* = 0.9804)and 0.0511 .mm (R? = 0.9587). respectively.

Further, to prove that the algorithm is invariant to the rotation of the measured
surface, the repeatability of the successive scan is evaluated. The definition of
repeatability is a closeness between independent results that are obtained through the
same method on an identical object, same operator, same conditions, and pertformed
in the short time interval [132]. The absolute differences between the two
measurements are used to determine the system repeatability. The repeatability itself
can be accepted if 95% of the absolute of measurement differences are less than two

standard deviations of the measurement difference (20p;r). This rule has been

presented by Bland and Altman in [133].

76



From the data of successive measurements, the standard deviation of
measurcment differences (ap;rr) is found to be 0.01T mm. Therefore, the system
repeatability of surface roughness “algorithm can be accepted since 95.27% of the
measurement differences (443 of 465 lesions) are within the acceptable repeatability

(2opipr = 0.021 mm).

(a)

Figure 4.17 Lesion surfaces are obtained from two successive scans. Lesion (a) is
from the first scan and lesion (b) is from the following scan.

The measurement differences can be due to manual segmentation of the lesion
ROT as seen in an example in Figure 4.18. The ROI of lesion (a) is larger than the
lesion (b). This problem might occur in a segmentation process — particularly in the
case of a very large lesion. As a consequence, the lesion boundary cannot be clearly

delined.

(b)

Figure 4.18 The 2D image and height map of lesion surfaces from the first (a) and
the second (b) measurements.

4.4.3  Sample Area for Surface Roughness Determination

In the developed surface roughness. the measured lesion surface is divided into
several smaller subdivided surfaces in order to minimise over fitting by a polynomial
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surface fitting. The overall surface roughness of lesion surface is obtained by
averaging the surface roughness of subdivided surfaces, which have been separately
calculated.  In this algorithm, the surface division is performed without any
consideration of the lesion size. The algorithm does not define minimum area of

lesion surface for the optimal performance of the algorithm.

Stout and Blunt have reviewed several 3D surface measurement methods in
bioengineering [134]. The review describes that the sampled area is dependent on
the machine resolution, measuring time reﬁuirement and sample availability. For
example, in measuring the surface roughness of tooth root surface, the sampled area
is set to be 0.610 x 0.610 mm®. This method is also applied in determining the
surface roughness of blood vessel where a sample area of 6.400 x 2.720 mm” is used.
In this case. a topography measurement on a fingerprint replica with size 1.020 x

1.540 mm’ is performed using a focus detection method.

In a comparative study of two profiling methods (diamond and laser stylus
methods), tracing length of 5.6 mm is defined in extracting the roughness profile of
dental material [135]. In a larger scale, the landscape surface roughness varies
according to the sample area of terrain images. In every landscape type {glacial,
upland fluvial, and lowland fluvial). there is a threshold sample area to the extent that
there is no any surface roughness variation at the sample area bigger than the
threshold {136]. By determining the surface roughness on a bigger area, it can be
ensured that all roughness components from low to high frequencies are accounted in
a surface roughness determination. The roughness components that have low and
medium frequencies might not be accounted if the sample area is too small. As
reported in [137] the surface roughness of terrain surface is varying with the spatial
resolution (spatial frequency) of the acquired images. Therefore, a large enough
sample area. in this case larger than certain threshold size, needs to be acquired in

obtaining a representative measurement.

A study on the surface roughness similarity of a large rough surface is reported in
[138]. In this study, the threshold for the sampled area in computing surface
roughness is determined by plotting two parameters, ie. fractal dimension and

amplitude parameter, against the variation of sample area. Fractal dimension and
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amplitude parameter are found to be scale-dependent. Its values decrease along with
the increase of the sample area. However, the decreasing trend stops at a particular
area size. This area is considered as a stationary threshold. Fractal area and

amplitude values become constant at sample area sizes larger than the stationary

threshold.

The objective of this section is to determine the minimum surface area in
determining skin surface roughness. To make the algorithm working properly, the
lesion surface must contain all significant roughness components. The above method
[137] 1is adopted in this thesis but only the surface roughness - not the fractal
dimension - is used as an indicator. In a developed algorithm, the calculation of
surface roughness is based on the vertical deviations of the rough profiles. The
amplitude parameter is used to represent the actual vertical deviations of the rough
surface, whereas the fractal dimension is used to describe the rough surface
irregularity. In the clinical study at the Dermatology Department, Hospital Kuala
Lumpur, 2,202 lesion images have been obtained from 204 patients. The lesion sizes
vary according to the psoriasis severity as shown in Figure 4.19. This figure shows
some lesion examples that are differentiated based on its size: (1) small, 1.66x2.55
mm?, (2) medium 10.44x10.05 mm?, (3) large 26.78x20.29 mm’, and (4) huge
>40x30 mm°. Some of the lesions are larger than the maximum scanned area (40 *
30 mm®) leading the normal skin area not to be acquired in the image. Most of the
collected lesions are smaller than the maximum scanning area of the PRIMOS 3D
optical scanner since normal skin is required for a lesion thickness determination

(lesion thickness is another parameter studied in the clinical study).

Figure 4.19 Psoriasis lesions differentiation based on its size: (1) small, (2) medium,
(3) large, and (4) huge.
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To find a minimum area for a sampled area, skin surface roughness has been
determined using different numbers of sampled area. In this evaluation, normal skin
surfaces are used as the input data. Figure 4.20 shows the examples of 2D and 3D
images of a scanned normal skin surface. The texture of normal skin at the scanned
area is assumed to be uniform. Therefore, it can be used in observing the surface

roughness variations on several different sampled areas.

()
Figure 4.20 2D image (a) and 3D surface (b) of normal skin surface.

Nine normal skin images acquired from nine subjects are evaluated in this stage.
Three surface images are acquired from forearm region of three volunteers with no
psoriasis and six images are obtained from psoriasis patients. The images are then
cropped from the surrounding normal skin of the psoriasis lesions. These images are
divided into a number of smaller subdivided surfaces with size n x n mm’, as shown

in Figure 4.21.

Scanned image

Figure 4.21 Scanned image is cropped to'obtain evaluated surface. Subdivided
surfaces are obtained by performing mesh division on an evaluated surface.
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These subdivided surfaces are considered as the evaluated surfaces. For this
evaluation. the determination of surface roughness is performed for 7 size variations.
In this case. the smallest area of subdivided area is 1x1 mm” whereas the largest one
is 77 mm”. The sizes are varied at increments of 1 mm on both sides. The second.
third, and fourth order polynomials are applied to these subdivided surfaces. In
previous section. only the second and third orders have been applied. Similarly. the
fourth order polynomial 1s also applied to figure out some fitting problems on a
farger area. A larger curved surface may have more undulations than the smaller
surface. Therefore. a polynomial with a higher order is required to fit this surface.

The equation of fourth order polynomial can be expressed as in (4-28).

z3(x,y) = (a1x* + ax° + azx? + aux + as)yt +
(@ex* + a;x° + agx® + agx + ajp)y’® +
(a;x* + apx® + a;3x® + aux +ag)y’ + (4-28)
(arex* + apyx3 + apx? + agox + azp)y +

(Az x* + A% + Ap3x? + Qpax + ayg)

A polynomial surface fitting can fit a surface properly if the fitting order 1s not
less than the actual order of the surface. On the other hand, the actual order of the
surface can be characterised by the number of peaks and valleys of the undulated
surfaces. Table 4.6 below shows the obtained surface roughness values. Here. the
cases of the fitting results at R? <0.90 are not included. Figure 4.22 shows the
surface roughness of normal skin samples from 9 subjects with a sampling arca

C . . . . ki 2
variation. The sampling areas are varied from 1x1 mm” to 7x7 mm".

Table 4.6 The normal skin surface roughness of 9 subjects with a size variation

Samplin-; Surface roughness {(mm) N 1
length (mm} S 5 Ay S, Ss S, S Sq 1 S,
10 0.015 | 0.008 | 0011 | 0.014 | 0013 | 0015 | 0.014 | 0.013 | 0020
20 | 0018 [ 0011 | 0014 | 0019 | 0018 | 0024 | 0018 | 0.018 (}.(35:
p_—?\_.o 0.020 | 0.011 | 0015 | 0.022 | 0.019 | 0.032 _o.mtf ().()25_/0.035_
4.0 0.021 | 0012 | 0016 | 0024 | 0020 | 0.035 | 0019 | 0.023 | 0.036
_ i",n 0022 | 0012 | 0016 o.ozé 0020 | 0.034 | 0019 | 0.024 ”0'.033
6.0 0.024 | 0.013 | 0016 | 0031 | 0.020 | 0.036 | 0020 | 0.024 | 0.040
0 0.025 | 0.013 | 0017 | 0.031 | 0021 | 0.034 | 0.021 | 0.026 | 0.045

JE— pu— 1. '

81



0.045

e ©
5 B
@
(23

0.030/
0.025

0.020!

Surface roughness (mm)

0.015 7"
0.010" |
1 2 3 4 5 6 7
Sampling length (mm)
Figure 4.22 The surface roughness of normal skin samples from 9 subjects with a
sampling area variation. The sampling area is a square of sampling length.

Surface roughness (S,;) versus sampling length is then fitted to a polynomial
function in order to find a stationary threshold for the skin roughness determination.
R? of these fittings is found to be greater than 0.9957. Subjects S, and S; are then
fitted with the fifth order polynomial. The sixth order polynomial, furthermore, is
used to fit the subjects S, S3, S4, S5, Sg, and Sg, while the seventh order polynomial

is only applied to fit subject Sg. The polynomial equation can be written as follows.

f() =cn® +cn’ 4 cyn*+end +cn? +cgn + ¢, (4-29)

A fitting result is considered good if R? is greater than 0.9 and close to 1.0. At
R? >0.9, the difference between the actual data points and the fitted data points are
approaching a minimum value. All R? of these nine fitting equations are greater than
0.9. The order of polynomial equation is selected from the highest R? that can be
obtained from the polynomial fitting,
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By referring the plots in Figurc 4.22, it is possible 10 determine the threshold of
the surface roughness stability. This threshold defines the minimum sampled area
tor mcasuring skin surface roughness. The threshold point can be determined from
the first inflection point of the plot. To find this inflection point, the sccond
derivative of the fitting equation (2) needs to be determined. The first inflection
point occurs when the plot of the second derivative crosses the axis ¥ = 0. Figure
4.23 depicts the plot of surface roughness dependency on a sampling size variation.

Here. its first derivative and second derivative for the data are taken from subject S5,
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Figure 4.23 (a) Surface roughness'(S, ) depends on sampling size variations. Figure
(b) and (¢) arc the plot of the first and the second derivative functions, respectively.

As shown in Figure 4.23 (c), the first inflection point is found at n =4 mm with
d%S,/dn?|,,—4= -1.73 < 10 mm. 1t can be stated here that the roughness
components are totally covered within a sampling area if its size is not less than 4x4
mm®.  Surface roughness is increasing for n<4 mm because the roughness
components are not totally inciuded within the sampled area. To determine a
threshold value applicable for all skin surlaces. the highest value has o be
determined from several skin samples. The threshold points of 9 evaluated skin

samples are shown in Table 4.7.

As secn in Table 4.7, the highest threshold point is found to be 4.9 mm. This size

can be considered as a minimum sampled arca that can be used in a skin surface
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roughness determination. The aim of this area setting is to ensure that all of
roughness components are accounted in the calculation. From the findings, the
surface roughness measurement on normal skin needs a sampled area not less than
3.843.8 mm’. It is also recommended to measure a lesion surface with a sampled
area greater than 4.9x4.9 mm?. Moreover, its texture is less regular than the texture
ot normal skin. Therefore, a small lesion as shown in Figure 4.19 would not be

correctly measured with the current algorithm.

Table 4.7 The threshold points of minimum sampling area.

. Threshold Minimum l &S, 1dn’,
Subject int (mm) Samplmg7 Area (mm)
| poin (')

S 3.4 11.56 9.75x10°

S5 3.9 15.21 -4.89x10*

Sa 4.0 16.00 -1.73%10°

S4 3.6 12.96 -1.08x10°

S 3.4 11.56 -7.81x107

S 4.3 18.49 3.57x107 |

S5 3.6 12.96 7.96x10°

St 4.9 24.01 1.91x107
LS 3.5 12.25 1.91x10°

In the developed surface roughness algorithm, an input 3D surface is divided into
several 2x2 subdivided surtaces. By using 4.9 mm as the minimum subdivided area.
it can be defined that the minimum size of 3D surface is (2x4.9) mm x (2x4.9) mm =
9.8 mm x 9.8 mm. Generally, a surface roughness variation is less for the sample
arca that 1s higher than the threshold. However, there is a small surface roughness
increment related to the sample size enlargement. As illustrated in Figure 4.23 (c),
the surface roughness increment is started from sample size (n) equal to 6 mm
(dS,/dn|y-gmm = 0.0004 mm). This fact is initiated due to the polynomial surface
fitting properties. In a polynomial surface fitting, the errors near the borders are

Increasing.

A data point can be estimated properly if the estimated data point is located in the
centre of the actual data points. The fitting iteration of its neighbour data points can
minimise the fitting error at the centre data point. This ideal condition cannot be

obtained at the border areas where an estimated data point is fitted with the less
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neighbour data points. Similarly. the location of estimated data point also cannot be

considered as a centre point since only a half of neighbour data points are avatlable.

Through this condttion, the polynomial function cannot fit the mean curvature
accurately. To fit a data point accurately, a number of surrounding data points from
all sides 1s required in a surface fitting determination [139]. The increasing sampied

size in fact can increase the error between the fitted surface and the original surface.

4.5 Summary

Chapter 4 details the development of surface roughness algorithm. Surface
roughness is used as the measurable features to represent the severity of psoriasis
scaliness. A 3D optical scanner is used to acquire some lesion surface images. The
estimated 3D waviness surface is extracted from the rough lesion surface by applying
a high order polynomial surface fitting. The rough lesion surface is subtracted from
the estimated waviness to obtain the vertical deviations of lesion surface. Surface

roughness is calculated by averaging the absolute values of the vertical deviations.

This chapter additionally presents the validation study of surface roughness
algorithm on the standardised rough surface and curved surfaces. This validation is
conducted in order to determine the accuracy and total standard deviation of the
devcloped algorithm. A set of abrasive papers with different roughness prades are
evaluated to perform algorithm validation on several various rough surfaces. From
the validation, it can be found that the measured surface roughness of the developed

algorithm 1s linearly related to the standardised roughness grade.

Medical tape is used to model skin lesions. Tﬁe tape is elastic and can adapt wit’h-'_
the surface curvature. To validate the surface roughncss algorithm on human skin.
the leston models are placed on the curved sutfaces of a life-size medical mannequin.
The validation process calculates the accuracy and total standard deviation of a
roughness measurement on 3D curved skin surfaces. Surface roughness of lesion
models is considered valid if surface roughness of lesion model is constant at any

locations. The algorithm accuracy is high and can be accepted.



The rotation invariance of the algorithm is tested at the rotated surfaces of lesion
model. A lesion model is rotated at varying rotation angles. Surface roughnesses of
rotated {esion models are determined. The results prove the rotation invariance
characteristic of the surface roughness algorithm. The rotation invariance of a
surface roughness algorithm is also tested to psoriasis lesion surface obtained from
two successive scans. Due to the rotation and translation, the lesion surface between
the first and the second scan is made slightly different. From the measured data, it

can be found the system repeatability is within the acceptable repeatability.

Furthermore, the minimum surface area for surface roughness algorithm is
determined to define the algorithm limitations. The sizes of psoriasis lesions vary
according to the severity. To calculate a.minimum sample area, skin surface
roughness has been determined using a differeqit number of sampled areas. These
images are divided into smaller subdivided surfaces. In the evaluation, the surface
roughness determination is applied to the images with several size \.fariations. A
sample area threshold defines the minimum sampled area for the surface roughness
algorithm. The area threshold is determined from the plot of surface roughness
against sampling length. Sample area enlargement does not change the determined

surface roughness if the sample area is greater than the threshold level.

From the materials presented in this chapter, it can be shéwn that the developed
algorithm has been validated at a significant level. In its last part, this chapter also
clearly describes' the algorithm performance &and limitations. These remarkable
results provide the high level of confidence to Euild a system for objective clinical
assessment. The system is built by combining the developed surface roughness
algorithm with the clustering algorithm. This part is elaborated in the following

chapter.
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CHAPTER 5
DEVELOPMENT ON SURFACE ROUGHNESS ALGORITHM

Chapter 5 describes the study set-up, data collection, result and analysis of the
de\'elop-'cd computerised psoriasis (PASI) scaliness assessment. For a statically
rcprcser}-la_t-i\’c data collection. a proper sampling size needs to be determined.
Dermatoldgists assess the PASI scaliness of all collected data, Section 5..1 of this
chapter presents the data collection requirements and procedures. The developed
surface roughness algorithm (presented in Chapter 4) is applied to measure the skin
roughness of psoriasis lesions. It is then followed by Section 5.2 that discusses about
unsupervised clustering methods. Two clustering methods, k-means and fuzzy c-
means (FCM) algorithms, are used to obtain the PASI scaliness score of psoriasis
lesion. These methods are presented to classify the measurement result of skin
surface roughness o be next interpreted in PASI scaliness score. The results of thesce
clustering algorithms are described in this section. Following this, Section 5.3
describes an agreement analysis related to the PASI scaliness scoring performance
that 1s evaiuated by determining kappa agreement coefficients between the first and
the second.assessment of the developed algorithm. The results of ag-reement analysis
are later used to determine the assessment objectivity. Section 5.4 recaps all findings .

and analyses of the Chapter 5.

5.1 Study Set-up and Data Collection

5.1.1 Sample Size Measurement

A sample data 1s used to represent the uncounted size of population data. The

problem 1s about how to determine the sample size correctly. The size should be
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well optimised to represent the population characteristics. A very large sample size
might make the data representation better but it can be costly and time-consuming.
Lowering the sample size. can reduce the amount of the resources needed.
Nevertheless. this can potentially make the sample characteristics dissociated from

the actual population.

The determination of the sample size can be done based on the margin error equation
[140]. The margin error equation is used to determine a maximum error between the
population mean g (true value) and the samiole mean X (observed from the collected
data). The population data is assumed normally distributed. Only the population
standard deviation can be provided to the equation whereas the population mean is
unknown. The equation is given as follows, '

o
E= Zar2 = o (5-1)

Variable E represents the margin of the error of the unknown population mean.
The error is determined from the sample mean X of sample data. If the mean of
sample X has the same value with the population mean, u, then E will be equal to
zero. Variable Z,/, refers to the critical value of normal distribution table (the bell
curve). The term o 1s used to define the level of confidence. Any posit.ive value less
than 1 can be applied but in order to have meaningful results, the value of a sh;)uld
be close to 1. The level of confidence is usually set at" 90%, 95%, and 99%. For
instagce. to obtain an area with the level of confidence 95%, +Z,, values need to be
detel'r;qined. Here, it is calculated by a = 1-0.95 = 0.05. This reﬁaining area (@ =
0.05) is then divided by 2 and distributed to the left and the right tails of the normal

distribution, as shown in Figure 5.1. The observed area (95%) is located in the

middle of normal distribution and bounded by +Z,,,. From the standard normal
distribution table, it can be found that +Z,,,= 1 1.96. The term o is the population

standard deviation whereas n is the sample size.

88



Zn,.z = +180
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1 3

Figure 5.1 An area with a certain confidence level bounded by +Z,, /5.

Equation (5.1) is rewritten as follows to obtain the sample size:

nm=|—— 5-2
[ E (3-2)
The population standard deviation ¢ is considered similar to the sample standard

deviation.  As in the aforementioned example, the Z,,,is found based on the

required accuracy (I-a) in the sampling process.

The required sample size of PASI scaliness is calculated by using the data of
lesion scaliness from a previous study [14}]. In this study. the data is acquired by a
3D laser scanner (Konica Minolta Vivid 910) with a focal length, f = 14 mm. The
object distance is set around [ meter from the scanner and the depth accuracy of the
3D laser scanner is up to 0.10 mm to the reference surface. The scaliness data is
grouped into four different scores by applying an unsupervised clustering algorithm

i.e. k-means clustering. Table 5.1 below lists the statistical values of PASI scaliness.

Table 5.1 Statistics of the scaliness value for each score.

Scaliness Samples Minimum | Maximum Interval Mean Standard
Score P (mm) {mm) {mm) {(mm) Deviation
] 37 0.024 0.078 0.054 0.057 0.014
2 21 0083 | 0.133 0.050 " 0.104 0.014
3 14 0.140 0.206 0.066 172 0.021
4 I 0.221 (0.328 0.108 0.256 0.038

I'rom Table 5.1, score | is the only data that would be used for the sample size
determination.  This score is statistically reliable because it has more than 30

samples. The significant level (a) of 0.05 corresponding to confidence level 95% Is
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assigned in the determination. To compare some options, the margin of error E is
varied for 3%. 10%. and 13% and the sample mean is used as the base for
determining the £ value. For example. a ‘maximum difference with error 10% is
determined by 10% = X7 = 10% x 0.057 = 0.006 mm.

Table 5.2 Sample sizes of scaliness score 1 with a=0.05 (confidence level 95%) and
maximum difference variations.

Confidence Error | Maximum Difference (E) Required
Level (Z) (%) {mm) Sample Size

5 (.003 83.66 ~ 84

95% 10 0.006 20.92 ~ 21

15 0.009 93010

The sample size with error 5% is used to provide sample size with acceptable
mean difference from the actual value. Four scaliness scores need to be analysed. -
[lence, to cover all scores, the total samplc.sizc required is 4 scores x 84 samples = -
336 samples. A scaliness sample is obtained from a scaliness calculation of a single
psoriasis lesion. Based on this calculation approach, 336 psoriasis lesions are

required to achieve a confidence level of 95% for all-'scaliness scores.

The lesion data were acquired in a clinical study involving 204 registered
psoriasis patients at Department of Dermatology, Hospital Kuala Lumpur. The
number of patient is defined based on a sample size determination for the PASI area
parameter. Naturally, more than one lesion can be obtained from a patient. The
clinical study NMRR-09-1098-4863 for data collection has been approved by the
Clinical Research Cenlt\r‘e, Ministry of Health, Malaysia. In this study, the data
collection for scaliness parameter is part of the data collection for other PASI _

parameters (area, erythema, and thickness).

5.1.2 Data Collection Procedure

The patients involved are referred as participants in the study. Two criteria —
inclusion and exclusion — are applied in recruiting participants in the clinical study.
The details for these criteria are described in the following lists.

Inclusion criteria:

" Participant has been informed regarding the nature and the aims of the study
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and has given their written informed consent.

= Male and female participants can be involved in the study.

*  The age of participant is not less than 18 years.

* Participant has been clinically diagnosed to have plague psoriasis.

kxclusion criteria:

* Participant refuses consent to be involved in the study.

= Participant with other forms of psoriasis, such as erythrodermic. pustular,
flexural. palmoplantar. or guttate psoriasis,

*= Presence of other dermatological diseases that can interfere with the
intcrpretation of the photographs (e.g. cczema, vitiligo).

= Participant who is unfit and is unable to stand for a long time.

A PRIMOS 3D optical scanner in this procedure is also used to acquire 31D
surface 1mages of the plaque psoriasis lesion of patients. The scanner gives the
maximum depth resolution of 4 um and the lateral resolution of 63 pm. The image
size obtained at this resolution is 640 by 480 pixels. The dermatologists
subsequently select a representative lesion for each body region {head. trunk. upper
and lower limbs). All four representative lestons are scanned in order to obtain 3D
surfaces. The collected lesions are also being applied for another measurement
(lesion thickness). Hence, the sclection requires a lesion, which has an area less than
the total scanned area (40x30 mm?). For patients with severe psoriasis condition.

additional lesions are collected from the patient without lesion arca limitation.

The 3D scanning of psoriasis lesions requires certain conditions and room

settings.  These requirements are described as follows:

a. lhe illumination of the prlojected pattern of PRIMOS 3D optical scanner
should be higher than the ambient illumination. as shown in Figure 5.2 (a).
‘the illumination of the projected pattern produced by the optical scanner is
measured to be 1.435 + 29 Lux. 'The lights in the room are switched off to
tower the ambient illumination below the projector illumination.  The

ambient illumination during data collection ts 249 + 11 Lux.

b. The distance between the optical scanner and the object (lesion surface) is
fixed at 220 mm. The measured surface must be parallel with the surface of
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the scanner lens. On the other hand, a fixed distance is required to scale a
surface pixel to an actual size in length unit. A parallel and fixed distance

arrangement is to ensure the surface is within the area of depth of field.

Two persons are required during the scanning process. The first person
handles the camera and scans the lesion. The second person operates the
PRIMOS software running on the laptop. Figure 5.2 (b) shows the data

acquisition method for 3D surface of skin lesion,

camera lead

FD{OJ@‘:“:‘-':d pattern : " Bats Acquisition Sofware
."/ A
/

s

i v Software opgrator

Moasured objoct

(a) (b)

Figure 5.2 (a) A projected pattern of PRIMOS 3D optical scanner. (b) A scanning

process for acquiring the data for a scaliness measurement.

The process flow during the data collection involves several steps such as

patient’s preparation, PASI assessment by dermatologists, and data acquisition. It

takes 28 minutes to complete the whole process; 12 minutes are required by

dermatologists to assess PASI scores and another 16 minutes for the computerised

PASI assessment. The detailed steps are as follows:

a.

Dermatologist briefs patient on the procedures of data coliection.

b. Patient takes off clothes and then put on underwear. The underwear is used

[#]

to cover genital area for all patients and chest area for female patient.

Dermatologist performs the PASI assessment to score area, erythema,
thickness, and scaliness, as depicted in Chapter 1 by Figure 1.1. For
erylhema, thickness, and scaliness assessment, the first dermatologist selects
a representative lesion for each body region (head, upper limbs, trunk, and
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fower limbs). After being labeiled using a pen marker. the lesions arc scored
by the first and the second dermatologists consecutively.  Figure 5.3 (a)
shows the dermatologist gives label on a representative lesion. An example
ol a labelled lesion {Lesion 2268 obtained from lower limb region ot Patient
i184) is shown in Figure 5.3 (b). Number 2 indicates the lesion is the second
lesion to be assessed at particular body region. This label is written on the
surrounding normal skin surfaces and it would not affect the process ol
surface measurement. The labels are used to help the dermatologists to
differentiate the assessed lesions. Another one or two additional lesions can
be collected and assessed for each patient. Therefore, the number of lesions
that can be obtained from a patient is 12 lesions, 3 lesions from each four

body regions.

@ S T (b)

Figure 5.3 (a) Dermatologist selects and labels the lesion. (b) An example of a
labelled lesion on lower limb region of Patient 184.

d. Patient is asked to move from the medical examination room to the
photography room. In this room, some investigators will perform a
computerised PASI assessment. In this assessment, three imaging modalities
- 21D camera, chromameter, and 3D optical scanner — are integrated to the
computer with PASI software.  Male patients are handled by malc
investigators. For handling the [emale patients, only femalc investigator is

allowed to enter the photography room.

¢. PASI area assessment is carried out by acquiring 20} images ot the whole
body ol the patient. The images are photographed from four different views

- tront. back. right, and left. PASI arca algorithm uscs these 21D images 1o
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determine PASI area score.

f. PASI erythema assessment is performed by measuring the CIE Lab data of
selected lesions and surrounding normal skin. A chromameter CR-400 is

used to measure the colour data.

g. The last step of data collection is 3D surface measurement. The optical
scanner is used to acquire the lesion surfaces. The 3D surfaces obtained in
this step are used to determine PASI thickness and scaliness scores. Figure

5.4 displays acquisition processes for PASI area, ervthema, and thickness-

scaliness parameters, as mentioned in step 5, 6, and 7.

e

@ ) 'l (© |

Figure 3.4 Data acquisition for determining PASI parameters: (a) area (b) erythema.
and (c¢) lesion thickness and scaliness.

h. In performing a double assessment, the acquisition steps are repeated from
step 4 to step 6. This session is performed after step 6 has been completed in
the earlier session. In this research, the double assessment is applied to the
last 43 patients. 161 patients earlier are assessed in one session only. Notall
of patients are assessed twice because double assessment was only proposed

during the later stages of the study.

5.1.3 Data Profile of Recruited Patients in Clinical Study

In this research, the psoriasis lesions dataset is applied to the surface roughness
algorithm. The data have been acquired from a number of the registered psoriasis
patients of Dermatology Department, Hospital Kuala Lumpur. The data collection

was conducted from 10 March to 5 October 2010 (10 months) involving 204 patients
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{163 males and 41 females) with ages ranging from 19 to 82 years. The average
psoriasis duration of the recruited patients i1s 14.05 years. Therefore. most of the

patients have been affected by psoriasis more than 10 years.

The demographic data might not compiete cnough to represent the actual
condition of psoriasis - especially at gender category, The number of male patients is
higher than that of female patients. A population-based study has shown that the
male and female patients can suffer psoriasis with a male to female prevalence ratio
almost 1:1. except for younger females (i.e. age <20 vears) whereas the female
prevalence is higher with ratio of 1:1.3 [142]. In this study however. more male
patients were recruited due the lack consenting female patients. They worry about
the assessment procedure, especially in taking 21D images of their body. The patient
demography based on gender, race, age, and psoriasis duration are shown as charts in

Figure 5.5.
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Figure 5.5 Charts of patient demography based on (a) gender. (b) race. (¢) age. and
(d) psoriasis duration.

I'he sample size of roughness measurement is 1.999 psoriasis lesion images

coliceted from 204 psoriasis patients. The images consist of 1.351 images scanned in

a single measurement and 648 scanned images in double assessments on 324 Iesions.
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1.892 psoriasis lesions have been scored 1,2, 3, or 4 by dermatologists. The score

distribution of the lesions is described in Table 5.3.

Table 5.3 Distribution of PASI Scaliness Score (N=1,892).

PASI Scaliness Score Number of Lesion Percentage (%)
1 1.266 66.91
2 409 21.62
3 153 8.09
4 64 3.38
Total 1,892 100.00

Figure 5.6 shows the histogram of the surface roughness of 1,999 psoriasis lesion
images. Based on the histogram, the minimum and maximum roughness values are
0.010 mm and 0.187 mm, respectively. A.roughness algorithm has been tested at
these limit values. The lowest limit of surface roughness has been determined in the
measurement of lesion model at flat surface. The value of the lowest limit is 0.0100
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Figure 5.6 Histogram of surface roughness of collected lesions.

For the highest limit, it can be obtained from validation results of surface
roughness algorithm on abrasive papers. The highest surface roughness is found to
be 0.3962 mm (S, + o). This roughness is found from measurement of the roughest
abrasive paper evaluated in the research. Surface roughness values of abrasive paper
and lcsion model are mentioned in section 4.3.1 and 4.3.2. The histogram is

normally distributed but is skewed to the left side with positive skewness of 2.002
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to T3). There are only two options for the membership degree - O or 1. Figure 5.7 (a)
shows that membership degree of  x; of cluster 2 is | whereas the membership
degrees of x; for the other clusters are 0. In soft clustering (FCM). as shown by
Figure 5.7 (b), an input x; can be considered as the member of three clusters (cluster
1. 2 and 3). However, it has several different membership degrees. For example, the
degree of x; belongs to cluster 1. 2. and 3 are 0.8, 0.4, and 0.0. respectively. The
classification system decides x; as a member of cluster 1. The decision is taken

since the membership degree at cluster | is the highest one among the clusters.
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Figure 5.7 Comparison of classification methods used in (a) hard and (b) soft

clustering algorithms.

Both unsupervised clustering algorithms are used in this research. The term of &-
means was proposed by James MacQueen in 1967 based on the idea of a Polish
mathcmatician. Hugo Steinhaus in 1956. The algorithm was then standardised by
Stuart Lloyd in 1957 but not published until 1982. At that time. the algorithm was
implemented for a pulse-code modulation. Meanwhile, E.W. Forgy proposed a
similar clustering method in 1965, For this. s-means algorithm is also recognised as
Llovd-Forgy method. The k-means algorithm is simple. efficient, and casy to
implement | 144]. K-means groups the dataset into a predefined number of clusters.
[nitial centroids are assigned randomly or by applying certain algorithms to the
clusters. Stmilarities of the dataset and the centroids are examined for every single
data point.  The data will be considered to belong to a cluster that has the highest
sumilarity. After all of the datasct are completely clustered, some new centroids are
recalculated by finding the mean values of the clusters. The process is iterated until

the centroids are considered constant. This consistency is indicated by the minimum
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changes at all centroids. A certain number of iterations can be also used to define the
termination point of the iteration process. A classification system is built based on
the final centroids obtained from the clustering process. The system classifies an
input data based on the distance between the input data and the cluster centroid. The
data will belong to a cluster if it has the highest similarity to the cluster, which is

represented by the cluster centroid.

FCM clustering algorithms is also applied in this research to improve scoring
performance. Soft decision of FCM is more similar with the fuzziness of human
being. Fuzzy c¢-means clustering is initially proposed by Bezdek ef al. in 1984 [147].
The algorithm has been developed based on a fuzzy set proposed by Zadeh [148].
Bezdek introduced this algorithm in order to improve the A-means algorithm. FCM
minimises the limitation of hard clusteriné algorithm, e.g. k-means élustering, by
associating each data to all existing clusters with a membership degree [149]. The
membership degree is represented by a membership matrix U = [u;].  The
membership degree of a data point in a particular cluster can be considered as a
probability of this data point that belongs to the cluster. Subscripts i and k are used

to index the data point and the cluster, respectively. For instance, if there are a

hundred data points (i = 1,---,100} and three clusters (k = 1,2,3), the matrix size of

U will become 100 x 3. The membership degrees can be any real values but it must
be within 0 to 1. A data point will be associated to each cluster and determined by a
membership degree. The accumulation of these degrees is always equal to 1. The

following equation describes the constraints 'of the membership degree [150].
K

Zuikzl, Vi=1-N;,0<y,<1 (5-3)
k=1
The iteration process of FCM algorithm is performed to achieve membership
degrees stability. This condition indicates that the data points have been clustered
and maximally separated. As applied in k&-means algorithm, the FCM algorithm also
has an objective function for the iteration process, as written in (5-4). A new
variable. fuzziness coefficient (m), is introduced to the equation. The aim of this
coetficient 1s used to symbol the fuzziness of the membership function. This

fuzziness represents the softness of the clyster boundaries. As a comparison, the
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fuzziness cocfficient will be zero in a hard clustering. It denotes firmness of the
cluster boundaries for the hard clustering. Variable (K) is the number of cluster
whereas (N) is the number of data point. Centroids initialisation can be executed

either randomly or based on prior knowledge.

K N
— 2
J(CUX) = Ztﬂ llx; = cll (5-4)
k=1i=1
The r1teration process updates the centroids and the membership matrix
continuously. The equation for calculating the new centroids is given by

- woN .m
i=1 Uig Xi

C = (5-5)
fvzl u’?’:
The membership matrix is determined by applyving the equation below
{ . .
U = — i=12,--,N k=12 K _
, [M]Z/ m (5-6)
= = all

The objective function 1s going to be stable when some high membership degrees are
assigned near the cluster centroids. While, some low membership degrees are
obtained at the -data far from the centroids [151]. The iteration process to update
matrixes U and M is repeated until no changes in the cluster centroids are found. It
is indicated by AJ < & where £ is an acceptable difference to terminate the iteration.
The membership degree of a data point in a particular cluster can be considered asa

probability of this data point that belongs to the cluster.

Algorithm 5.1: The FCM algorithm

i.) Define the uuﬁlber of cluster (K) membership matrix (Y; ;). and fuzziness
coefficient (m). Usea number éf small random numbers to the membership
matrix ¥;, and a real value between | and 2 for the fuzziness coefficient. Fix
the objective function J(C) equal to 0. The acceptable error (g£) and the
maximum number of iteration are also initialised in this step. These valucs are

used to indicate termination point of the iteration.

t1)  Compute new centroids by applying u; , and x; to equation (5-19),
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iii) Update the new membership matrix based on new centroids at step 2 and

equation (5-20).

iv) Determine the objective function/(C) by applying the centroids and the

membership matrix to equation (5-4).

v) Determine the difference between the latest to the previous bbjective function.
The difference is denoted as AJ. If the difference is larger than the predefined
acceptable error (£). continue the iteration to step 3. The iteration could be
terminated if A/ < € or the iteration number is over the maximum value. Here.

the value of £ is 1075,

End.

o From the clustering result, it is found that the membership degrees are not
calculated at every data point values outside the values given in the training stage.
Therefore, a membership function is requir(?d to determine the membership degrees
at any data points. The membership degrees of the cluster are -use'd to create a
membership function. In this case, the curve fitting algorithms can be applied to find
the best membership function. Gaussian functions might also” be used to fit the
membership degrees of the clustered data points. The classification of any input data
1s decided by comparing the membership degrees of the input. The data will be
included to a cluster if its membership degree s higher than the membership degrees

to the other clusters.

‘Two unsupervised clustering methods, k-means and FCM algorithms are
investigated. K-means clustering is used to classify n observed pattern into k
clusters. Each observation data point is classified into a cluster with the nearest
mean. In this research, psoriasis lesions are classified into four score groups by
applying k-means clustering to the surface roughness dataéé{:" The objective of the -
means algorithm is to divide the dataset into & clusters .to achieve the minimum
within-group sum of squares. The basic form of the k-means algorithm is based on
the iteration of two processes. The first process is the assignment of data points into
score groups. A data point is assigned to the closest group in term of Euclidean

distance. The second process is the calculation of new group means, namely group
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centroid. based on the new assignments. The processes will be terminated when
there 1s no any new assignment required. In this stage. the centroids of score groups
are maximally separated [144]. A boundary level between two adjacent score groups
is then determined by finding a middle point between the centroids of adjacent
groups. 1.331 lesions are used in the training. The dataset is selected based on the
criteria as mentioned in the previous section. Table 5.4 describes the score group

centroids of PASI scaliness scores.

Table 5.4 Centroid of PASI scaliness scores.

PASI scaliness score | Score Centroid (mm) | N | Percentage (%)
] 0.024 ' 486 35.97
2 0.040 523 38.71
3 0.061 285 21,10
4 , 0.106 57 4.22
Total i.351 100.00

Furthermore, the 4-mcans clustering algorithm ability to classify scaliness of
psoriasis lesion based on surface roughness is validated by applying the algorithm to
divided datasets. Here, the dataset is randomly partitioned into two equal sized
datasets (Subset 1 and Subset 2). The scores are properly clustered {maximally
separated) if the score centroids for all datasets are consistent. In other words. the
score centroids are not influenced b-y a dataset partition since the sample size of each
score is statistically accepted (sample size is greater than 30). K-means clustering

algorithm. thus. requires a large dataset for each score to achieve centroid stabulity.

Table 5.5 and Table 5.6 depict the stability of the score centroids of partitioned
datasets. The centroid differences of cach score between Subset | and Subset 2 are
smaller than 0.004 mm. Meanwhile, to observe centroid consistency on a smaller
sample size. the datasét is randomly part-itioned into thr‘eé_ datasets ( Subs;;et 1. Subset
2. and Subset 3). Thecentrmd consistency of subset‘é can be observed in two and
three partitions. Thé differences of centroid are not more than 367, (0.005 mm)
except for the centroid difference of score 4 in three partitions (0.008 mm). The
centroid difterence is greater because the size of clustered dataset is insufficient (<30

samples).



Table 5.5 Score centroids of subset | and 2.

PASI Subset 1 (N=676) Subset 2 (N=675) Centroid
Score Centroid (mm) N Centroid (mm) N difference (mm)
i 0.024 226 0.024 227 0.001
2 0.038 247 0.038 264 0.000
3 0.057 169 0.059 155 0.004
4 0.104 34 0.104 29 0.000

Table 5.6 Score centroids of subset 1, 2, and 3.

Average
S t 1 (N= 2 (N= 3 (A= =
PAS ubset 1 (N=451) Subset (]\‘ 450) | Subset3 (N=450) | centroid
Score Centroid Centroid . Centroid , difference
N N N
{mm) (mm) {(mm) (mm)
] 0.024 156 0.023 164 0.025 158 0.001
2 0.040 180 0.038 155 0.039 164 0.001
3 0.061 90 0.058 117 0.058 96 0.002
4 0.102 25 0.109 t4 0.097 32 0.008

The boundary levels of surface roughness for PASI Scaliness scores are
calculated from Table 5.4 . A boundary level between Score 1 and Score 2 is the
midpoint between score centroids. For instance, the boundary level between score 1
and 2 is 0.032 mm. It is obtained from (Centroid 1 + Centroid 2) /2 = (0.024 +
0.040)2 = 0.032 mm. This method is also applied to determine the next boundary
tevels. If there is a lesion with surface roughness equal to the boundary level, the’
lesion will be classified to have a higher score. Finally, the boundary levels of

surface roughness for PASI Scaliness score are given as described in Table 5.7

Table 5.7 Boundary levels of surface roughness for PASI scaliness score.

Score Boundary Levels (mm)
1 S, < 0.032
2 0.032 <§, < 0.051
3 0.051 < §,<0.084
4 S, > 0.084

PASI scaliness score is then determined by applying the score rules to the surface
roughness of psoriasis lesions. The clustering results on the test dataset is
summarised as shown in Figure 5.8. Assessment consistency of first and second

assessment is symbolised by coincident markers of both assessments.
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Figure 5.8 Clustering results of &-means algorithm on test dataset.

324 data points are used as test dataset. The detailed clustering result is
described in the appendix section. 289 (89.2 %) data points are successfully
classified as the same cluster in the {irst and second assessments. However. 35 (10.8
%) data points of double assessments are classified as different cluster. The
misclassilications can be categorised into three types based on locatton of the
occurrences. The first type is misclassification in determining either score | or score
2. The score | might be found in the first assessment and then followed by score 2 in
the second assessment otherwise score 2 precedes the score 1. The second type is the
classification uncertainty of score 2 or 3. The last type is the scoring vagueness
between score 3 and 4. Two difterent scores can also be obtained in the second and
the third types as exemplified by the first type. These measurement inconsistencies

occur when the surface roughness data points are located too close to the score
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boundary levels,

As described in Table 5.7, there are three boundary levels can be defined. These
boundary levels distinguish a score cluster from the other clusters. The levels are
labelled as By, B,. and B3. B, is used to separate score 1 from score 2. The second
boundary is B, that divides score 2 from score 3. The last boundary is B;. This
boundary splits score 3 from score 4. The values of B,, B,, and By are 0.032 mm,
0.051 mm, and 0.084 respectively. Closeness of the measured surface roughness to
cach boundary level is computed by applying Euclidean distance equation. The

equation is given by

Dp,(S) = J(sal — BL—)Z + (Sa, — Bi)2 S i=123 (5-7)

Sa, and S, are measured surface roughness from the first and the second
assessments. B; is used to represent the boundary level at {, as mentioned in previous
paragraph. The Euclidean distance equation is applied to the test dataset that have
been misclassified in the score clustering. All of the misclassification types are
found 1n this work. There are 21 misclassification cases of type 1 (score 1 and 2), 10
cases of type 2 (score 2 and 3), and only 4 cases for the type 3 (score 3 and 4). The
closeness of the measured surface roughness to the existing boundary levels are
determined by applying equation (5-7). Furthermore, an average of the Euclidean
distance is calculated to indicate closeness of the misclassification type with a certain

boundary level,

The closeness measurement results are described in Table 5.8. The distances are
determined from misclassification cases on test dataset. Misclassification type |
occurs when the measured surface roughness values are close to the boundary level
B,. This closeness is shown by the D_Bl_ value (0.003 mm) which is 11% smaller than
Dg, (0.028 mm) and Dg, (0.075 mm). Misclassification type 2 is indicated by the
smallest value of Dp, (0.003 mm) compared to Dp. (0.026 mm) and Dg, (0.048 mm).
For the type 3, the trend still follows the previous types. The smallest Euclidean

distance is obtained at the Dg, (0.004 mm.) value. The Dy, (0.072 mm) and Dg,

(0.046) are found much larger than Dpg,. The closeness distances of all
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misclassification types are less than 0.005 mm.

Table 5.8 Average of Euclidean distances of surface roughness and boundary levels

of k-means classification algorithm.

Misclassification Tyvpe Dy, (mm) W Dg, (mm) Dy, (mm) N
Type 1. score | and 2 0.003 0.028 0.075 21
Tvpe 2. score 2 and 3 0.026 0.003 0.048 10
Type 3, score 3 and 4 0.072 0.046 0.004 4

A small Euclidean distance at a certain boundary level is only found in the
_misc]assiﬂcation cases. Small Euclidean distances cannot be found'in the data points
that correctly classified. All of surface roughness data points are located beyond
from the boundary levels. Thus, the misclassification cases can be minimised. The
'é.\'_erage of Luclidean distance is much higher than 0.005 mm tor all score groups. as
listed in Table 5.9. | |
Table 5.9 Average of Euclidean distances of surface roughness and boundary levels

determined from correct classification cases of &-means al gbrithm.

Score Group D_B: {mm) D—Bz (mm) m; {mm) N
Score | 0.012 0.039 0.085 79
Score 2 0.011 0.016 0.063 - 110
Score 3 0.046 0.019 0.028 70 -
Score 4 0.120 0.093 0.046 30

To avoid incorrect classification, it is recommended to collect more than a single
data point if the surface roughness measured near the boundary levels. The surface
roughness input is then determined by averaging the surface roughness values of
multiple measurements. The surface roughness ranges that require multiple

measurcments are defined in Table 5.10.

Table 5.10 The surface roughness ranges near the boundary_levels of k-means
classification algorithm.

—

Misclassification Type Surface Roughness Interval (mm)

Sa - 30T0tal = Bi = Sa + 3C"'J“c)tal

Type |, score 1 and 2 0027= 8§, = 0.037
Type 2, score 2 and 3 0.046 < §, < 0.056
Type 3, score 3and 4 B 0.079 < §, < 0.089

"The second clustering method applied in the research is FCM (fuzzy c-means)

clustering. This algorithm aims (0 improve the classification reliability especially at
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a border region between two adjacent clusters. Rigidity at the border region in the &-

means clustering is reduced by implementing the fuzziness of FCM clustering.

An example that shows k-means rigidity is when the results of two consecutive
measurements are classified into two different clusters. It can be occurred when the
boundary level is located in the middle area- of the first and the second assessments.
The first measurement is classitied belong to the first cluster whereas the second
measurement 1s considered to be the second cluster. Here, the similar dataset that
has been applied to k-means clustering is used by FCM clustering. The size of
training dataset is 1.351. The clustering iteration gives- the membership degrees of
each data point. For this dataset, 67 iteration steps .are required to achieve its
stability at the objective function J(C, U, X) equals 0.050.:5. The function J(C, U, X) 1s
determined by applying equation (5-4). This obj-e-'ct_l:ve function determines
summation of the cluster member aggregation and the separability among the
existing clusters. In perfect condition the value of the final objective function should
be nearly zero. This condition is achieved when all of the cluster 'members are
located close to its clusier centroids and there are no intersections among the

membership functions, as found in hard clustering.

To reduce the iteration number, the predefined membership degrees are assigned
before the iteration process. Four functions are required to determin;z predefined
membership degrees of the score groups. To-build the functions, the maximum
interval of surface roughness is then divided into four equally score intervals. The
cluster centroid is computed from the middle point of the score interval. F igure 5.9
show the score intervals that divide surface roughness interval into four score groups.
Each score group is bordered with two boundary levels. For instance, score 1 is
bordered by L; and L;. The centroid of score 1 is then calculated from the middle
point of L; and L. Here, the centroid is represented by variable L,. This similar

method is also applied to determine the centroids for cluster 2, 3, and 4.
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Figure 5.9 Surface roughness intervals of score groups.

A triangular function is used to calculate the membership degrees of the training
dataset. This triangular shape is selected because the shape will have the maximum
value only at a data point. By using this shape, the membership degrees of another
data points can be also linearly determined. The edges of the triangle legs are fixed
at minimum and maximum values of training datasct. Here, the minimum and
maximum values of abscissae are 0.0120 mm and 0.1780 mm, respectively. To
create triangle shape. the highest membership degree is assigned to the cluster
centroid.  The predetined membership degrees of score clusters are determined by
applying equations (3-8) to (5-15). These predefined membership degrees are used
to initate the clustering iteration. Variables ¢q. ¢y, c3. and ¢, are the cluster
centroids that assigned from Ly, Ly, Lg. and Lg respectively, as described in Figure
39, Ly and Lg arc the minimum and maximum values of the training dataset. S,.
The matrix size of of the membership degrec is N x 4. The N is the size of training

dataset. The details of membership degree equations are formulated as follows:
Mcembership degrees of Score 1, ¢y = L,

1

i1S,(1) <y oy = P

X (Sg(1) — Ly) (5-8)
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ifSa (i) 2 015 Wiy = o X (Sa(i)—c)+1 : (5-9)

Membership degrees of Score 2, ¢, = L,

i£S,() < ¢ Uis= Eia—) X (Sq() — L,) (5-10)

if S, (i) = ¢ Uy = T X (Sa(i) —c)+1 (3-11)
Membership degrees of Score 3, ¢3 = Lg

if S,(i) < c3; w3 = o X (Sa(®) — Ly) : (5-12)

ifSe(i) = ¢y wiz = (Lg_—c ;% (Sa(D)—c3)+1 (5-13)
Membership degrees of Score 4, ¢, = Lg

if S, (1) < €25 Uy = {C:Ll) X (Sa(i) — Ly) (5-14)

ifSa (i) 2 €5 g = = X (Sald) =) +1 (5-15)

The predefined membership degrees of the score groups are ploited to create
membership degree distribution. The degrees obtained from interval division are

plotted as shown in Figure 5.10.
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Figure 5.10 Predefined membership degrees of score groups.

Comparison of iteration process that uses predefined and random membership
degrees is shown in Figure 3.11. By applying predefined membership degrees. the

iteration number has been reduced from 67 steps to 31 steps.
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Iteration Number
Figure 5.11 lteration of FCM clustering with random (dotted line} and predefined
(solid line) membership degrees.
Membership degrees of the training dataset are obtained from the iteration of
FOM clustering. The degrees are clustered and scattered according to the existing

clusters as depicted in Figure 5.12.
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Figure 5.12 Membership degrees scattering of clustered dataset.

Gaussian fitting function is used to obtain the membership degrees or the
probabilities of surface roughness at any input values. The general form of the
(raussian equation for representing the membership function of scaliness score is
given by equation (5-16). The coefficients of scaliness score functions are listed in
Table 5.11. The membership degrees of clustered data have been fitted to the
Gaussian function with R? =1. The membership degree of a certain surface
roughness S, is calculated by applying all membership functions, P,(S,). from n=1
to n=4. The subscript n on variable P,(S,) represents the group of scaliness score.
[quation (5-16} is constructed from the summation of two Gaussian fitting functions.
which have different means and standard deviations. For the first Gaussian function.
coetficient @, is the maximum height of the distribution, b, is the mean of Gaussian
distribution, and ¢, is the standard deviation. The same meanings are also applied

for the second Gaussian function.

P,(5,) = ajexp (— (Sac—:bl)z) + asexp (— (S—ac_z—bz)z) (5-16)
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Table 5.11 Coefficients of Gaussian functions for the roughness classification of
PASI scaliness scores.

Scaliness score a, by 1 a, b, ¢z R?
Score 1(Sh | 0609 | 0.029 | 0.007 | 0.888 | 0.018 [ 0.011 | 0.994

I _'
't Score 2 (82) 0.514 <i 0.038 | 0.006 | 0.858 | 0.048 1 0.010 | 0.992

‘Score 3(S3) | 0.635 | 0.064 | 0.010 | 0.784 | 0.081 | 0.018 | 0.995 |
Score4(s4) | 0708 | 0.118 | 0.023 [ 0.792 | 0.160 | 0.039 | 0.997

The membership functions of PASI scaliness scores are plotted in Figure 5.13.
PASI scaliness score is determined by applying the rule of scaliness score as written

i (3-17). An input of surface roughness is classified into a particular score it the

input gives the highest membership degree or probability among the scaliness scores.
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Figure 5.13 Membership functions of PASI scaliness scores.

1, max(P; (S,), P2(Sa), P3(Sa), Pa(Sa)) = P1(Sa)
2, max(Py (S, Po(Sq). P3(Sa), Pa(Sa)) = P2(Sg)
3, max(Py (S Pa(Sa), P3(S), Py (Sa)) = Pa(S,) (>-17)
4, max(P; (So), Po(S0), P3(Sa), Po(Sa)) = Pi(S,)

S(Sq) =

Some examples of score calculations are listed in Table 5.12. Sample 1. a lesion
with surface roughness 0.039 mm would be classified into a PAST scaliness score.
Membership degrees ol the sample for score clusters (score 1 to 4) are 0.100. 0.913.
0.005. and 0.000. The highest degree is obtained at second cluster P,(S,) = 0.913

theretore the sample can be categorised as score 2. This is similarly applied to the
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1
subsequent lesion samples in Table 5.12. _ i
Table 5.12 Calculations of PASI scaliness scores by applying FCM algorithm ‘
No i (mm) Py (E) P; (g) P (S_a) Py (Z) Prax Score L]
] 0.039 0.100 | 0.913 | 0.005 | 0.000 | 0.913 2 a
2 0.017 0.908 [ 0.000 | 0.000 | 0.000 | 0.908 1
3 0.063 0.000 | 0.085 | 0911 0.004 | 0911 3 \
4 0.112 0.000 | 0.000 | 0.044 | 0.837 | 0.837 4
Figure 5.14 describes the complete scaliness scores that have been classified by *
applying FCM algorithm. Several lesions that have been scored by FCM are shown
in Figure 5.15. The complete results of FCM are listed in appendix section. :
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Figure 5.14 Clustering results of FCM algorithm on test dataset.
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Figure 5.15 Deviation surfaces of psoriasis lesions: (a) score 1. (b) score 2. (¢) scorc
3. and (d) score 4. determined by the surface roughness algorithm and classified by
the FCM algorithm.

The same test dataset is applied to FCM algorithm. From 324 data points tested.
a total of 295 (91.0 %) data points are correctly classified in the double asscssment
sessions. Misclassified data points are found at 29 (9.0 %) data points. As observed
in  k-means algorithm. similar misclassifications also  happen In  FCM
implementation. It occurs in the locations near the boundary levels of the score
groups.  Here. the boundary levels of FCM algorithm would not be considered in
classification process. These boundary levels are determined in order to find the

transition boundary from a certain score to another score group.

A boundary level is defined as intersection point ot two overlapping membcership
functions.  Figure 5.16 shows an example of boundary level between score 1 and
score 2. The boundary level is depicted as a green circle.  In this point. both
overlappimg membership functions (score 1 and score 2) give a same membership
degree for a certain surface roughness.  This membership degree relation can be
expressed by P, (0.034) = P,(0.034) = 0.4564. A misclassification case appears
when the measured surface roughness values arc located in the left and the right sides
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E)f‘ boundary level. as illustrated in Figure 5.16. The first assessment. Sgq, 18
classified as score 1 because membership function of score 1 gives the largest
membership degree at P;(0.030) = 0.8684. Conversely, in the second assessment,
the highest membership degree, P,(0.036) = 0.6781, is given by membership
tunction of score 2. Thus, the measured surface roughness S, 1s considered as scorc
2. Finally. all boundary levels of FCM algorithm are obtained from the intersection
point of membership functions. The boundary levels of misclassification type 1. 2,
and 3 are 0.034 mm, 0.056 mm. and 0.097. mm respectively. These Jevels are not
equal to the boundary levels of &-means algorithm. In the FCM aigorithm, the levels
depend on the curve shape of the membership functions. Therefore, the levels are
not exactly located in the middle point of two cluster centroids, as found in k-means

algorithm.
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Figure 5.16 A boundary level (white circle) splits membership functions of score 1
(dot-dashed line) and score 2 (dashed line).

As conducted in previous section, the average of Euclidean distance is computed
to find closeness of the measured surface roughness with the boundary levels.
Liquation (5-7) is applied to compute the Euclidean distance for each. misclassified
data point. Table 5.13 shows the closeness of measured data to the boundary levels
of FCM algorithm. The data is summarised from misclassified data points,
Misclassification type 1 exists when the measurement results are located near to the

first boundary level, B;. The average distance D_B1 (0.003 mm) is small and not more
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then 10% of Dg, (0.030 mm) and Dg, (0.088 mm). Misclassification type 2 and 3 arc
also indicated. by the closeness of the measured surface roughness to the boundary
levels. A small value of Dy, (0.004 mm) shows the closeness of measured surface
1‘01ighness to the boundary level of misclassification type 2. The occurrence of
misclassification type 3 is explained by a small distance value of Dg, (0.004 mm).

Table 5.13 Average of Euclidean distances of surface roughness and boundary
levels of FCM classification algorithm

Misclassification Type D—B1 (mm) D_B; (mm) 53—3 {mm) N |

Tvpe 1. score t and 2 0.003 0.030 0.088 17

Type 2. score 2 and 3 0.033 0.004 0.056 8
_Type 3, score 3 and 4 0.091 0.060 0.004

These small distances do not occur for the cases with correct classifications. The
measured surface roughnesses are located far from the boundary levels. Therefore.
misclassitication cases could be avoided in these measurements. Here. the averages
of Euclidean distances are also found higher than 0.005 mm, as shown in correct
classification cases of k-means algorithm. The distances for all score groups are
summarised in Table 5.17.

Table 5.14 Average of Euclidean distances of surface roughness and boundary
fevels determined from correct classification cases of FCM algorithm.

Score Group 5;;? (mm) E; {mm) MDE (mm) N
Score 1 0.013 0.043 0.101 104
Score 2 0.014 0.018 0.076 114
Score 3 0.053 0.022 0.036 55
Score 4 0.128 0.097 00390 | 22 |

Two methods are recommended to minimise misclassification cases. The first
method is performed by acquiring more data points if the surface roughness is lie
close to the boundary levels. An average value of this multiple measurement is then
applied to score the surface roughness. This first method is also suggested to resolve
the boundary problems of k-means algorithm. Table 5.18 summarises the surface

roughness ranges that need to be considered for performing multiple measurements.
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Table 5.15 The surface roughness ranges near the boundary levels of FCM
classification algorithm.

Surface Roughness Interval (mm)

Misclassification Type
Sa = 30rotar < Bi <S4 + 30701at

Type 1. score | and 2 0029 < §, < 0.084
Type 2.-score 2 and 3 0051 < §, < 0.106
Type 3, score 3 and 4 0.092< 8, < 0.147

In the second -inethod, the score group is determined by comparing the
membership degrees of the decided score groups. As exemplified in Figure 5.16, the
final score cannot be determined because there are two different scores from two
measuremerit sessions. The final score can be obtained by comparing the maximum
membership degrees of the first (P (0.030)- = 0.8684) and the second (P,(0.036) =
0.6781) assessments. From the comparison. it is known that 0.8684 > 0.6781
therefore the final score for this data point is score 1. A mathematical expression is
formulated to determine final score S(S,;) from n-times measurements. Let
m,—(Si,Pmax,[-) represents i-th measurement which has final score §; at maximum

membership degree P, ;. Then, the equation can be given by

S(Sq) = Sk, nla’X(Pmax,lv Pmax,Z: T Pmax,kr Tt Pmax.n) = Praxk (Sa) (5-18)

5.3 The Agreement Analysis of Psoriasis Assessment

The inter-rater variation of two independent observers can be evaluated by using the
kappa coefficient analysis. The Kappa coelfﬁcient has been proposedl by Cohen in
1960 and has been widely used to measure an agreement among clinicians on the
scores of a medical assessment. Kappa coefficient is expressed by following

equation [152}:

_Po—Pc -
k=7 D, (5-19)
The probability variable, p, is the proportion of units in which the observers agreed
with and p, is the proportion of units for which agreement is expected by chance.

Kappa's possible values are limited from -1 up to 1. As an example, suppose there

are two observers, 0; and 0,. As an example, suppose there are two observers, 0
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and O,. The observers are asked to examine and score 20 subjects. They may give a
score for the subjects. either score 1 or 2. Scoring results and summary of agreement

for this scoring are given by Table 5.16 and Table 3.17. respectively.

Table 5.16 Scoring results of two observers. 0, and O,.

Yy Number of Assessment Samples

VS,

;4 2 314316l 708910112 03|14} 15716|17[18] 1920
g1 1 I 1 | 1 1 ] t l i 1] 2 ljz2f(2(2127212,2
s 11 ! 1 1 ] | | 212 1 1 2 1 202121242 202

Table 5.17 Summary of agreement from scoring by two observers.

0, Assessment vs Scores of 0, Assessment
1 ) Total
(J; Assessmeint I 2
Scores of 1 10 2 12
0, Assessment | 2 0 8 8
Total 10 10 18

To obtain kappa coefficient as formulated in (5-19), variables py and p. need (o
be determined. Variable pg is determined from a ratio of total agreement of both

observers to the total of sample. The calculations of p, is given as follows:

— (N0102,560r81 + Nolozscarez) - (10 + 8) =0
NSampie 20

Variable p. is computed by adding between probabillsty‘ both observers give score |

and probability both observers give score 2. The solution can be found as:

i Noi,Scorel . NOZ,Scorel N01,560r62 NOZ,ScoreZ
D= X + X

(5-21)
. NSampie . NSample NSample NSample
(10 12) 0.3 0.5x06 (0.5 x0.4) (5-22)
=l—=x— —xX—]=(0.5x0. . . 22
Pe =120 20 +(20><20) ( )+ (0.5
pPe =03+02 =050 (5-23)

Finally. values of p, and ﬁc are substituted into (5-19) to calculate the kappa

coettictent.

119



0,90 -0.50

- 5-24
K=—T—555 = 080 (5-24)

The maximum value (x=1.0) represents that the observers agree in all of examination
samples. Landis interpretation on Kappa coefficient values can be summarised as

shown in Table 5.18 [153].

Table 5.18 Agreement intélpretation of Kappa coefficient.

Kappa Agreement interpretation
<0 Less than chance agreement
0.01-0.20 ~_ Slight agreement
0.21 —0.40 ~ Fair agreement
0.41 - 0.60 Moderate agreement
0.61 — 0.80 Substantial agreement
0.81-0.99 Almost perfect agreement

To evaluate an agreement. between two dermatologists. the Kappa coefficient
value of PASI Scaliness scores of 1,283 lesions are determined. The Kappa
coefficient value between Dermatologist 1 and Dermatologist 2 is 0.55 and is
categorised as a moderate agreement. The Kappa coefficient of 0.55 indicates that
the dermatologists have achieved 55% agreement of total assessment and 45%
agreement will be expected by chance. A perfect agreement is achieved if the Kappa
coefficient is greater than 0.80. As a result; the dermatologists’ scores cannot be
considered as a ground truth in evaluating the algorithm performance since the

-Kappa coefficient among the dermatologists is only 0.55.

To evaluate the performance of PASI Scaliness algorithm, several lesion samples
are imaged in two successive scans. PASI scaliness scores of lesion images are then
analysed by the same user in separated calculations. The number of samples is 324
lesions (648 images). The numbeér of tested lesions™is less than the ﬁumber of scoré‘d
lesions by dermatologists becﬁusemot all lesions are scanned ‘t‘wice. Kapp'a
coefficients between the first assessment and the second assessment that are obtained
from k-means and FCM algorithms are evaluated. Table 5.19, Table 5.20, and Table
5.21 show the agreement summary of dermatoibgists, k-means clustering, and FCM
clustering, respectively. Table 5.22 lists the comparisons on Kappa coefficients
obtained from three scoring methods. The Kappa coefficients are computed through -

the same way as exemplified in the previous section. It can be seen that the FCM
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gives better Kappa coefficient agreement than 4-means clustering.

Table 5.19 Summmary of agreement from scormzD by d(,rmatologsnsts

First Asscssment vs. Scores of Dermalologist 2 Assessment »
] N T'otal
[ Second Assessment i 2
e L] e 200 838
[ Scores 01"_ l 37 504 380
Dermatologist e
I Assessment 4 24 108
o Lt 1T 0 57
~Total 676 | 428 1.283

Table 5.20 Summary of agreement from scoring by applying k-means aigornthm.

F Irst Assessment
vs. Second
Assessiment

; . I
Scores of E3
First -

o 3

Assessment 1

Table 5.21 Summary of agreement from scoring by applying FCM algorithm.

Lk 'rb' A%C“‘*mﬂm Scoles of Second Assessment
| vs. Second —_ —
}»_ _ Assessment 2 . 3 -
{ 4 12
Scores of FL 0 U S
First 2 108 4

Assessment \ 3 0-—- _ 6 39
- [ 4 0 O _ﬁ,i_l__iﬁi
L Total 09 126 | 64|

Table 5.22 Comparisen of Kappa coefticients using A-means and FCM.

’- C ]ustermg algorithm Kappa coelficient { N
| Dermatologist 0.5500 B 1,283 _
t_ K-means - 0.8473 324
L FCM_ 1 08708 4
Perfect agreement between the first assessment and the second assessment lor &-

mceans and FCM algorithms are achieved since Kappa coetficients are found to be
greater than .81, The FCM performance (0.8708) of surface roughness
classiltcation s slightly better than k-means (0.8473). FCM clustering. as a soft
clustermg. can better solve the boundary problems compare to A-mceans clustering.
Figure 5.17 depicts an cxample of the double measurement result.  These

measurements are taken from a lesion at an upper limb region tlesion numbcer: 1600
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and 1601). The first and second measurements give S;= 0.030 mm and 0.033 mm.
respectively. In k-means clustering, the measurement results will be classified as the
different score clusters (score 1 and score 2) because the boundary level of score 1
and 2 is located in the middle of measurement results. These measurement results
are sharply classified into different scores by k-means clustering even the images are
acquired from the same lesion. FCM however, is able to accommodate this condition
by giving the membership degrees or the probabilities of the measured data to cluster
! and 2. Although the membership degrees of the first and second measurements are

changing, the final decision is equal, both of measurements are classified as score 1.
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Figure 5.17 Clustering of the k-means and FCM at the boundary of two clusters -
score | and score 2. A boundary level of the k-means clustering (dotted-line) crosses
the membership functions of score 1 (dot-dashed line) and score 2 (solid line).

5.4 Summary

Sampling sizes are determined to ensure that the collected data is statically
representative. - A margin error equation in this case is rearranged to provide a

sample size equation. Z scores at a certain confidence level, population standard
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deviation, and maximum allowable error are used to compute the sample size. To
obtain the confidence level 95% and error 10%. the sample size of scaliness scores
are differently found among the scores. A minimun required sample size is found to
be 25 samples. To cover the data from all scores (four score groups). the total
required sample size is 100 samples. A scaliness sample is calculated from surface

roughness of a single psoriasis lesion. Based on the sample size calculation. it is
found that a total amount of 100 psoriasis lesions are required to achteve the
confidence level of 93% for all scaliness scores. The lesion data themselves have
been collected from registered psoriasis patients at Department of Dermatology.

Hospital Kuala Lumpur.

A total of 204 patients are recruited in this clinical study — consisting of 163
males and 41 females. The study has been approved by the Clinical Research
Centre, Ministry of Health, Malaysia and registered at NMRR-09-1098-4863. A
total of 1, 999 psoriasis lesions are collected in the study. From this total number.
1.892 lesions are assessed by dermatologists to obtain PASI scaliness scores. The
percentage of the lesion with score 1, 2, 3, and 4 are 66.91%, 21.62%, 8.09%. and
3.38%. respectively.. The proportion of lesions at a mild severity is greater since

most of the lesions are stiil-under a continuous treatment.

Two unsupervised clustering methods, 4A-means and fuzzy c-means (FCM)
algorithms arc studied in the research work. These clustering algorithms are widely
applied in many medical applications. K-means clustering is used to classify #
observed pattern into & clusters. Here, each data point is claésiﬁed into the cluster
with the nearest mean. There are four clusters representing four sets of PASI
scaliness score. K-means clustering algorithm‘iis validated by applying a clustering
algorithm tou.'ardsfhe divided dataset. The dataset of lesion roughness is randomly
partitioned into two equal sized datasets. The consistency of score centroids for all
dataset then shows that the score clusters are maximally separated. Centroid
consistency 1s additionally observed on a smaller sampie size and the dataset is
randomly partitioned into three datasets. It is found that centroid differences are not
more than 307, (0.005 mm) - except for one-third partitions of score 4 (0.008 mm).

The greater difference is a result of the size of clustered dataset that is less than 30
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samples.

In addition. FCM clustering is applied to improve the classification reliability.
The improvement is given at a border area between two adjacent clusters. The
rigorousness of k-means clustering is reduced by applying the softness of FCM
clustering. The clustering iteration providqs the membership degrees of each data
point. Gaussian fitting function furthermore is fitted to the clustered dataset in order
to obtain the membership degrees of the dataset. Meanwhile, the PASI scaliness
score is determined by comparing the membership degrees of an input data to the
existing clusters. The input surface roughness is classified into a particular score
cluster if it has the highest membership degree among the clusters of scaliness

5COres.

Kappa-‘- coefficient analysis is used to evaluate Inter-rater variation of twe
indcpendelit observers. To evaluate a dermatologist agreement, the- assessments of
two dermatologists on 1,283 lesions are determined. Kappa coefficient of
dermatologist is found to be 0.55 that is less than the required agreement, namely
0.81. Therefore. the dermatologist agreement is not considered as the ground truth

tfor evaluating algorithm performance.

The agreement analysis of PASI scaliness algorithm is performed by comparing
two measurements obtained from two successive scans. The number of samples is
324 lesions (648 two successive images). Kappa coefficients between the first
assessment and the second assessment obtained from 4-means and FCM clustering
algorithms aré evaluated. The Kappa coefficients for &-means and FCM are (.8473
and 0.8708, respectively. Both of agreements are considered as a perféct agreement
since the coefficients are found to be greater than 0.81. In this agreement analysis.

FCM classification is better than k-means.

FCM can solve the boundary problems better than k-means cluétéring. In the
classification of k-means clustering, a surface roughness can be classified as difterent
groups since the group separation is very strict. The FCM algorithm determines
membership degrees for each measured data point.  Therefore, the score
classifications are decided based on similarity quantification which is represented by

these degrees. In several boundary cases, the k-means algorithm can give several

124



different scores for the samc lesions that are successively acquired in double
measuremenis. FCM similarly can give several different membership degrees for the
lesions. However, the final classification decides that the lesions are still in the same
cluster. This decision is taken because the membership degrees are considered

maximum in the first and second measurements.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

In this research, the prc‘)blems of skin roughness measurement for psoriasis
assessment are investigated. - The investigation aims to provide a practical solution
'l‘or clinical treatment in daily. practice. Psoriasis appears as a red plaque lesion and
covers a localised arca of the body. In severe stages. the lesion can be widespread all
over the body. The disease is caused by the wrong signals of the immune system that

- accelerates the cycle of skin cells” growth.

Psorasis patients need periodic medical treatment continuously as the disease
cannot be completely cured. The PASI (Psoriasis Area and Severity Index) scoring
method is considered as gold standard for the severity assessment. To determine the
psoriasis severity, the PASI scoring system defines four parameters, i.e. area (ratio of
Jesion area to total body surface area), erythema (colour of lesion inflammation).
lesion thickness and scaliness._ These parameters are scored at four body regions,
namely head, trunk. upper limbs and lowe;r limbs. In practice, an assessment of
~ dermatologist can be subjective due to intra- and inter-rater variability of human
assessment. The subjectivity is influenced either by the perception or by the clinical

experience of the dermatologist.

An imaging approach is proposed to provide-‘an objective PASI scaliness
assessment based on skin surface roughness measurement.  Several imaging
solutions have been developed for measuring skin surface roughness. The earlier
methods including mechanical surface profilometry, laser profilometry, light
scattering, and speckle imaging have been applied in skin surface roughness

measurement. However, these methods have some disadvantages, such as limited
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resolution of profiler size and time-consuming process lha[‘ occur in mechanical
surface profilometry. The fast scanning also could not be performed by applyving
laser profilometry tough it can provide high scan resolution. Light scattering and
speckle imaging methods are able to provide non-contact measurement and fast
scanning. However. both methods require sophisticated system arrangement and
standardised environment lighting. Moreover. the measured area is limited to a small
dimension. Lastly, 3D surface acquired by structured light projection method is
applied in the research. This method has advantages more than the aforementioned
methods. The method can perform im vivo high speed scan at high resolution.

Therefore it can overcome the scan problem on constant vibration of skin surfacé.-

To achieve this objective. the PASI scaliness visual descriptors are studied and
defined in terms on surface roughness. This feature can be measured by an imaging
modality and its values are related to the PASI scaliness scores. An unsupervised
clustering algorithm is applied to classify the lesion surface into the PASI scaliness
scores. In this research work, the clustering algorithm is built based on the collected

data from a clinical study at Department of Dermatology. Hospital Kuala Lumpur.

As stated in the Chapter 1, there are two research objectives of this thesis. The
first objective is to develop a 3D imaging algorithm for accurately measuring the
surface roughness of skin lesions. This first objective has been achieved in the
research in which the algorithm has been validated for all skin lesions that appear at
any body parts. A validation study furthermore is conducted on a set of lesion
models. A total of 390 lesion models are pasted on a life-size mannequin to simulate
a number of psoriasis lesions on human body. The life-size mannequin 1s suitable to
model the human body curvature. The mannequin is commonly used in the research
related with the surface determination such as body surface arca measurement. Thc—_::
measurement meAthods are mostly applied in .c-lothes designing and medical
applications. Wurong and Bugao used life-size mannequin to validate a 3D
reconstruction method for whole body surface imaging [154]. Wang ef al. conducted
a research on measurement of human body volumes. A laser scanner is applied to
acquire 3D rigid object of the life-size mannequin. The body volume is computed
from the 3D volume of the Scahned mannequin. To validate the result. the

mannecquin is then immersed into a water tank to obtain body volume based on water
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displacement [155]. The life-size mannequin is ulsually constructed based on human
body modelling. This model is determined and developed from the real body
proportions. As reported in [136], Jin Gu ef al. have developed a human body model
by stacking a set of skin contours, The contours are extracted from the edge images

of the real human body.

Douros and Buxton have conducted a research on the construction of curvature
maps for 3D human body surfaces. In this research they defined that the body skin
surface is constructed by many skin patches. There are four basic shapes of the skin
patches. The shapes are flat, elliptic. parabolic, and saddle surfaces. All of these
basic shapes can be properly modelled by applying second order polynomial [157].
In this research smaller lesion surface areas are-_ﬁtted with the second and third order
polynomial. Moreover, the lesion area is also aitj}ded into four subdivided surfaces
to reduce the surface curvedness. By applying this method, the lesion surface can be

flattened and its vertical deviations are determined accurately.

From the validation study, it can be found that the developed surface roughness
has an crror ot“0.000S = 0.0017 mm (Error % 0y4:q;) and gives accuracy of 94.12%.
This accuracy is quite high (>90%) and therefore the developed algorithm can be
implemented to measure real lesions. The measurement errors mostly are caused by
the limitation of the scanning system. The system could nét measure the lesion
model surface accurately if a part of the lesion surface is in a deep concave area. In
this area, the scanned surface might be located outside the depth of field interval
(£530 mm),

There 1s no previous works on surface roughness measurement of psoriasis
lesion. Most of the works were conducted on normal skin surfaces. Tchvialeva ef al.
[109] sumarised the skin surface roughness determinations using two different
acqusition methods, structured light projection and speckle imaging [116] {158]
[159]. The structured light projection method is evaluated for measuring skin replica
and the actual skin surfaces. Jacobi ef al. have conducted a research 01'1 skin surface
measurement. The samples were taken from several regions such as forearm, back.
and forchead with size 18 mm x 13 mm. A 3D scanner using structured light
projection is applied to measure the skin surfaces. From the experiment, the average

roughness of skin surfaces at back region is 0.0368 + 0.0094 mm whereas the surface
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roughness of forearm region is 0.0302 £ 0.0038 mm [160]. Table 6.1 summarises
the comparison of surface roughness measurements on skin surfaces.

For the arm and hand regions, it can be shown that the surface roughness values
are increasing from the structured light projection on skin replica to speckle imaging
methods. The printing process of skin replica cannot completely duplicate the skin
profile details with high frequencies. Only the skin profiles with lower frequencies
and less variance are preserved by skin replica. Therefore its surface roughness is
lower than /i vive structured light projection and speckle imaging methods. In 2D
calculation. the surface roughness is determined higher than the other methods. This
- result can be caused by incompleteness of measured profiles. Here, the vertical
deviations -g)fthe surface profile are extracted only from a single axis. The maximum
surface roﬁgljness measured from psoriasis lesion (0.1870 mm) is higher than all
surface roughness values presented in Table 6.1. This value shows that the psoriasis

lesions surfaces are rougher than the normal skin surfaces.

Table 6.1 Comparison of skin surface roughness measurements.

Average roughness of skin surfaces at several body regions (mm)

" Method Arm , Hand Cheek ~ Back
Sturctured light

0.0050 - 0.0078

-ojecti 4 22 2 -
projection on skin [116] [158] [159] 0.0122{116} 0.0110 f121]
replica :
fn vive sturctured 0.0074 - 0.0184 - <
light projection [116][158] [159] 00134 116] 0.0430 [121]

L 0.0276 £ 0.0076 ; 0.0386+£0.0056 | 0.0354 £ 0.0064 | 0.0298 £0.0092
Speckle imaging

[109] [109] [109] (109}
Sturctured light 0.0302 = 0.0038 0.0368 + 0.0094
projection, 203 . [160] [160]
calculation
Developed method
on the surfaces of 0.0100-0.1870

| psoriasis lesion Cr el

The second objective is to develop an objective and reliable PASI scaliness
scoring. An unsupervised clustering is also applied to score PASI scaliness based on
lesion surface roughness. K-means and fuzzy c¢-means (FCM) algorithms
furthermore are studied in the research work. The implementation of A-means
clustering algorithm has been validated by applying a clustering algorithm towards

the divided dataset. The dataset of lesion roughness is randomly split into two equal
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sized datasets. The clustering reliability is shown by the consistency of score
centroids for ail datasets. It proves that the score clusters are maximally separated.
Centroid differences are not more than 367, (0.005 mm). except for a clustered data
that have size less than 30 samples. Stability of FCM algorithms is shown by
fittingness of Gaussian function to the membership functions of scaliness scores. All
of the Gaussian function can be fitted with R? =1. The objectives of these clustering
algorithms are indicated from the kappa agreement analysis. Since the scoring
agreement between the dermatologists (0.55) is less than 0.81, their assessment
cannot be considered as a ground truth for evaluating the algorithm. 3D images from
two successive scans are used to evaluate the scoring objectivit}; of the developed
algorithm. The objectives of both clustering algoritﬁms have been proven by the
Kappa coefficients of k-means and FCM algorithms. The coefﬁg:ient value of -
means is 0.8473 whereas the coefficient of FCM is 0.8708. FCM clustering. as the
soft clustering, can solve the boundary problems better than k-means clustering and it
therefore can give higher kappa agreement coefficient.

The research works in this thesis show that the developed algorithm enables to
provide an objective measurement for PASI scaliness assessment. The developed
algorithm resolves the problems of surface roughness determination on curved
surfaces of human skin. The algorithm has been validated for accurately measuring
the surface roughness of skin lesions at any body parts. These methods have been
validated and accepted to be used in a clinical study_ involving registered 204
psoriq_fis patients of Hospital Kuala Lumpur. Furthermore, unsupervised clustering
algoriti{m for scoring PASI scaliness has been developed. The algorithm is
developed based on surface roughness data of the collected psoriasis lesions. High
agreement between the first and the second assessments of psoriasis lesions

demonstrates objectivity and reliability of the developed clustering algorithm.

6.2 Recommendations for Further Work

Currently, many scoring systems are still manually performed by dermatologist.
As explained from this research, the assessment given by dermatologist might be
subjective and can result in treatment inefficacy for the patient. Therefore, an

objective assessment is still required in a clinical practice. Surface roughness is
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known as once of the important parameters on skin analysis and assessment.  The
developed algorithm is potentially applied to another skin surface analysis that
considers skin surface roughness as its parameter. The example of these skin
problems. beside psoriasis. might be atopic dermatitis (atopic eczema), wrinkle
analysis. and burnt skin.  The surface roughness measurement either can
subscquently be intended for monitoring on skin disease treatment or for any
applications related to the cosmetics purposcs.

Polynomial surface fitting has been validated to fit most of body surface arcas.
From this result. it can be shown that the algorithm is suitable for determining the
curvature of human body surfaces. The maximum coverage arca of the algorithm is
limited by the scanning frame of 3D optical scanner. The sizc of this frame is 40x30
mnr’. Lesions could be widely distributed on the body regions or appear as a single
feston covering a large area. To scan a larger area (>40x30 mm®). multiple scans and
assessments on adjacent areas are required, as shown in Figure 6.1, "The lesions can
be represented by several sampled areas. The average surface roughness for the
assessed region would then be determined by averaging the surface roughness of the

sampled areas.

(b)

Figure 6.1 Multiple scans for a single large lesion: (a) Large lesion covering part of
the regton and (b) Singie large lesion covering the whole region.
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2 1044 | 993 | 0.0121 | 0992 | 0.0115 | 0993 | 00115 | 0993
3 1044 | 993 | 00121 { 0992 | 0.0114 | 0992 | 0.0114 | 0.992
16 | 1159 | 1056 | 0.0114 | 0993 | 0.0111 | 0994 | 00111 | 0994 | 00110
2 1159 | 1036 | 0.0113 | 0.993 | 0.0110-{ 0.993 | 0.0t10 | 0.993
3 1159 | 1036 | 0.0112 | 0.993 | 0.0109'} 0.993 | 0.0109 | 0.993
17 1 121 | 993 .| Qo161 | 0988 | 0.0152 [ 0.989 | 0.0152 | 0989 | 0.0131
2 1121 | 993 | 0.0130 | 0.992 | 0.0119 { 0.993 | 0.0119 | 0.993
3 20 | 993 100135 | 0992 { 0.0123 | 0993 | 0.0123 | 0993
(8 i P21 | 1018 | 0.0122 [ 0.997 | 0.0113 | 0.998 | 0.0113 | 0.998 | 0.0114
2 121 | 1008 | 0.0126 | 0.997 | 0.0118 1 0997 | 0.0118 | 0.997
3 1121 ] 1018 7| 0.0121 | 0997 | 0.0112 | 0998 | 0.0112 | 0.998
19 i 1159 | 10.05 | 0.0169 | 0.992 | 0.0166 | 0.992 | 0.0166 | 0.992 | 0.0137
2 11.59 | 10.05 | 0.0128 170,995 | 6.0125 | 0.995 | 0.0125 | 0.995
3 1159 | 1005 | 00120 | 0.996 | 0.0118 | 0.996 | 0.0118 | 0.996
20 I 1261 | 1056 | 0.0117 | 0.998 | 0.0106 | 0.998 | 0.0106 | 0.998 | 0.0108
2 1260 | 1056 | 0.0123 | 0.997 [ 0.0111 [ 0998 | 0.0111 | 0.998
3 1261 | 10.56 | 0.0116 | 0.998 | 0.0106 | 0.998 | 0.0106 | 0.998
2 1 1350 | 10.82 | 0.0134 | 0.972 ] 0.0128 | 0.975 | 0.0128 | 0975 | 00118
2 13.50 | 10.82 | 0.0124 | 0.977 | 0.0116 | 0.979 | 0.0116 | 0.979
3 1350 | 1082 | 0.0119 ] 0975 | 00111 [ 0979 | 0.0111 | 0.979
» | 13.76 | 1044 1 00127 | 0989 | 00123 | 0990 | 00123 | 0990 | 0.0124
2 1376 | 1044 | 0.0134 [ 0.987 | 0.0130 | 0.988 | 0.0130 | 0.988
3 1376 | (044 | 0.0123 | 0.990 | 0.0120 | 0.990 | 0.0120 | 0.990
73 I 11.72 1 10.56 | 0.0133 | 0.971 | 0.0126 | 0.974 | 0.0126 | 0.974 | 00125
2 (.72 | 1056 | 0.0128 | 0.973 | 0.0123 | 0.976 | 0.0123 | 0.976
3 1L72 -1 1056 | 0.0133 | 0:969 | 0.0126 | 0.972 | 0.0126 | 0.972.

24 f 13.12-1 1005 | 0.0129 | 0.958 | 0.0128 | 0.959. 0.0128 | 0.959.] 0.0129
2 13.12 { 1005 | 0.0126 | 0.966 | 0.0125 | 0.966 | 0.0125 | 0.966
E 13.12 7| 10.05 | 0.0136 | 0.962 | 0.0134 | 0.963 | 0.0134 | 0.963
25 I 1248 | 1005 | 0.0122 | 0.996 | 0.0113 | 0.997 | 0.0113 | 0.997 | 0.0109
2 1248 | 10.05 | 0.0t16 | 0.996 | 0.0108 | 0.997 | 0.0108 | 0.997
3 1248 | 10.05 { 0.6114 | 0.997 | 0.0106 | 0.997 | 0.0i106 | 0.997
20 i 1210 | 1044 | 0.0127 | 0.990 | 0.0124 | 0.991 | 0.0124 | 0991 | 0.0127
2 12,10 | 1044 | 0.0131 | 0.986 | 0.0126 | 0.989 | 0.0126 | 0.989

3 1210 | 1044 | 0.0136 | 0.984 | 0.0131 | 0.987 | 0.0131 | 0.987 B




E;j;:; Assessment | i | g (ﬁ;-;) R2 <§§’;ﬁ) R2 f.ﬂi’ﬁ.?ﬁ Rt fg;';:;
FET | 12.23 i0.18 0.0129 { 0.997 1 0.0124 | 0.997 | 0.0124 { 0.997 0.0120
1 | 2 12.23 10,18 | 0.0123 | 0.998 | 0.0118 | 0.998 } 0.0118 | 0.998
3 [2.23 10.18 00124 | 0998 { 00119 | 0.998 | 0.0119 0.998
28 1 14.14 10.69 0.0§33 | 0.997 | 0.0130 | 0.997 3 0.0130 | 0.9%97 (10130
2 1414 10.69 | 00139 | 0.996 | 00135 | 0.997 | 0.0135 | 0997
3 14.14 10,69 | 0.0129 | 0.997 | 0.0125 | 0.997 1 0.0125 | 0.997
a 29 I 14.65 9.5450 | 0.0116 | 0.985 | 0.0115 | 0.985 | 0.0115 | 0.985 0.0116
i 2 i5.16 8.7820 | 0.0119 | 0984 } 0.0116 | 0.985 1 0.01l6 | 0985
3 15.92 9.2910 | 0.0117 | 0.986 | 0.0116 | 0.986 | 0.0116 | 0.986
30 1 [4.52 8.5280 ] 0.0113 ) 0.989 ; 0.0109 ; 0.989 | 0.0109 | 0989 (L0109
2 13.63 89090 | 0.0112 | 0.988 | 0.0109 | 0.988 | 0.0109 | 0.988 ’
3 14.65 9.1640 | 00112 { 0.989 | 0.0108 | 0.990 | 0.0108 | 0.990
31 1 15.41 8.6550 | 0.0112 | 0.986 | 0.0111 | 8.986 | Q.0111 0.986 0.0112
i 2 1165 8.5270 1 0.0114 | 0.984 | 0.0113 | 0.984 | 0.0113 0.984
[__ 3 15.03 8.5270 | 00113 § 0985 | C.0L11 | 0985 | .01 0.985
32 1 00146 0.963 00147 | 0964 | 0.0146 F 0965 | 0.0046 | 0.965 00145
i 2 G.OHIT7 [ 0877 0.0119 § 0976 | 0.0117 [ 0.977 | 0.0117 | 0.977
3 0.0172 0.954 0.0175 | 0932 |1 0.0172 | 0954 | 0.0172 0.954
33 i 0.0096 0.977 0.0095 [ 0.978 | 0.0055 { 0.978 | 0.0095 | 0.978 0.0121
2 0.0124 0.965 00123 | 0965 § 0.0123 | 0.965 | 0.0123 | 0.963
[ 3 B 0.0147 0.948 0.0146 | 0.949 | 0.0146 | 0.949 | 0.0146 | 0,949
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APPENDIX B: SURFACE ROUGHNESS OF LESION MODEL AT
CURVE SURFACES

o D [ i [ o [ | @ ] e |
1 | v | woos | 901 | o014 | 099 | o015 | 0995 | o096 | 0014
> | w4 ] 8 | 942 | 0015 | 0991 | 0015 | 0991 | 0991 | 0015
3] s [ noe [ 777 | oois | owe | ems | 0999 | 0999 | vois
1] He D sae | 840 | 003 | ows T 0013 | 0996 | 0996 | 0013
s 1 n7 [ 9s1 | 761 | oo | 0998 | o014 | 0998 | 0998 | ool
L6 o [ i [ es7 | ooie [ o9sr | oo | 0982 | 0982 | 0014
7 | U2 | 853 | 509 | oms | o987 | oors [ 0987 | o987 | w015
L;x U4 | 980 [ 484 [ 0012 | 0971 | 0013 | 0964 | 0971 | 0012
9 T s Toer Troeaz | oz | 0998 | w2 | 0o | oo9s | vorn
0 [ ve | was | 382 T oon | 099 | ooz | o9 | 09 | ool
| ur [ sss | 407 | ooz | 0970 | o2 | ossd | 0970 | oon
127 us | 1056 | 407 | 0012 | 0995 | 0013 | o994 | 0995 | w002
3] U | 7st | 433 002 | 0995 | omz | ewes | o0ws | ool
O U-10 | 833 [ 420 [ ooz | 093 | 0012 | 091 | 0963 | 0012
Iij U-11 | 1048 | 1642 | 0013 | 0997 |. 0015 | 0997 | 0997 | 0013
Cte | w2 | est | osa7 | ooz 09w | oos | 0992 | 094 | oor
17 [ U3 | 920 T 395 | o015 | 098 1 oo1s | 0984 | 0985 | 0015
18 | U4 | 954 [ 433 | oo | 0991 | o3 1 osss | g | ool
to | uas | eon | ass | ooz T 090 | ez | 0961 | 091 | 0012
20 | wte | 891 | 369 | 0012 | 0998 | 00i5 | 0998 | 0998 | 0012
20 [v17 | 90 | 1578 [ oonr | 0988 | o003 [ o9sy | o9ge | 0013
22 [ uas | 1043 [ 1642 | 0012 | 099% | 0016 | 0993 | 0996 | 0012
23 [ w9 [ 891 | 446 [ ooz | 0993 | o006 | 0988 [ 0993 [ 0013
| 20 [ u2o | uso7 | 726 | o014 | o98s [ o014 | 099 | 0990 | 0014
35 | u23 | 967 | 1108 | 0013 | 098 | o014 | o9z | 098 | 0013
26 | U24 | 967 | 535 | ooir | 0994 | 0012 | 0993 | 0994 | 001l
27 Ju2s | 776 | 335 | ooz | 0991 | 0013 | 0989 | o991 | oon2
28 | U26 | 954 | 509 | ootr | 0992 | o001 | 0991 | 0992 | 001
29 | u27 | 993 | 1693 | 0011 | 09% [0013 | 0988 | 0990 |. 001l
30 U8 | 1005 | 484 | 0012 | 0993 | 001z | 0992 | 0993 | 0012
'3t [ w0 | sa0 | ss0 | 0o1s | 0996 | oo | 0998 | o099z | ool
32 [ w3 [ 005 | 438 | o012 | 0989 | ooz | 0989 | 0989 | 0.012
33 | U32 | 992 | 156 | oo1s | 0998 | oooe | 099 | 0998 | 004
3 1"u33 | 955 | 420 T 0013 | o984 | o013 | 0985 | 0985 | 0013 |
33 h-.m 992 | 1655 | 0012 | 0994 | 0012 | 0994 | 0994 | 0012
36 [ U3s | 967 [ 1578 | eorr | 0989 | ooz | v9ss | 0989 | oot
37JL'EJQ36 916 | 522 | 0012 | 0956 | 0m2 | 095 | 095 | 0.012 j




SR

N | e | | o | Ry | | R | o
) Ua3s o967 1451 0.012 0.998 0.014 0.997 0.998 0.012
W | U39 | 916 573 6011 0.991 0.010 0.991 0.991 0.011
W0 | U0 | 953 1540 | 0012 0.996 0.013 0.995 0.996 0.012
4] u-n | 967 3.95 0.011 0.973 0.012 0967 | 0973 0.011
431 v | 94 1566 | 0.011 0.993 0.013 0.990 0.993 0.011
31 U3 | 1005 535 0.012 0.984 0.012 0.984 0.984 0.012
a1 | U4 | 687 158 0.014 | 0975 0.013 0.978 0.978 0.013
45 | U5 | 942 3.69 0.011 0.995 0.011 0.996 0.996 0011 |
16 | U236 | 954 433 0010 | 0928 0.011 0.945 0.945 0.011
P | 047 | 1056 5.73 0.011 0.992 0.011 0.992 0.992 0.011
1R | uas | 082 15.15 0.011 0.993 0.012 0.993 0.993 0.011
R 458 0.012 098 | 0013 0979 | 0980 0.012
L:i“ t-30 9.03 471 0.013 0.948 0.013 0.9148 0.948 0.013
sI]os2 | gs3 407 0.015 | 0.968 0.017 0.961 0.968 0.015
52 1 153 | 9.03 3.95 0011 |7 0.974 0.012 0.973 0.974 0.0
53 | U-st | 967 5.86 0012 |- 0969 | 0013 | 092 | 099 | 0012
sy [ uss | o 497 0.014 0.983 0.014 0.983 0.983 0.014
ss | use { 9.03 6.11 0.011 0.984 0.011 0.982 0.984 0.011
56 | U57 | 9.6 4.84 0.011 0.910 0.012 0.920 0.920 0.012
57 | wss | 992 5.35 0.011 0.963 0.012 0.956 0.963 0.011
skl ouse | 993 47 0.015 0.984 0.014 0.986 0.986 0.014
59 1 L | 9.16 3.57 0.013 0.936 0.013 0.934 0.936 0.013
o0 | ez [ 980 1.46 0.011 0.997 0.012 0.997 0.997 0.011
ot | U-63 | 929 5.09 0.011 0.986 0.0i2 0.983 0.986 0.011
62 | U-od | 9.6 471 0.011 0.926 0011, | 0939 0.939 0.011
63 | U-65 | 929 5.09 0.011 0.984 0.011 0.983 0.984 0011
6d | Us6 | 1056 1769 | 0.011 0.990 0.013 0,988 0.990 0.011
65 | U-67 | 9.42 5.22 0.014 | 0958 0.014 0.954 0.958 0.014
60 | U-68 | 903 4.71 0.014 0.991 0.015 0.991 0.991 0.014 |
67 | U-69 | 903 3.31 0.012 0.996 0.012 0.996 0.996 0.012
o8 | U0 | 10018 420 0012 | 0972 0.012 0.969 0.972 0.012
69 | U771 | 1082 17.06 | 0.015 0.99 0.013 0.996 0.996 0.015
0 | u72 | 967 471 0.013 0.985 0.013 0.985 0.985 0.013
71 | u73 | 1005 4.58 0.015 0.992 0.015 0.992 0.992 0.015
72 | u7s | 954 5.73 0.012 0.991 0.012 0.990 0.991 0.012
73 | ute | 827 5.86 0.014 | 0.984 0.014 0983 | 0.984 0.014
71 | U-77 | 954 1604 | 0012 0.999 0.015 0.998 0.999 0.012
75 | U-78 | 10.69 1477 | oon 0.997 0.011 0.997 0.997 0.011
76 | U-79 | 1056 1642 | 0012 0.997 0.011 0.997 0.997 0.012
77 | U-80 | 9.93 1579 | 0011 0.996 0.012 0.995 0.996 0.011 |
7% | U8 { 1043 17.44 | 0011 0.995 0.011 0.995 0.995 0011
79 1 UR2 | 1069 5.09 0.012 0.984 0.013 0.983 0.984 0.012
80 | U3 | 1005 1604 | 0.013 0.994 0.014 0.994 0.994 0.013
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—

ol | L [ e | o | e | |
81 | U84 | 1043 509 | o012 0.997 0014 | 0996 0.997 | 0012
82 | U7 | 1031 5.98 0.012 0.998 0.012 | 0.998 0998 | 0012
83 | U88 | 1003 6.24 0.014 0.978 0014 | 0980 098¢ | 0014
84 | U89 | 10.69 5.47 0.011 0.992 0.011 0.992 0.992 0.011
85 | U990 | 9.93 522 | o013 0.997 0013 | 0997 0.997 | 0013
86 | U-91 | 1043 471 0.012 0.993 0.613 0993 0.993 0.012
87 | U9 | 802 1731 | 0012 0.988 0012 | 0987 0.988 0.012
88 | U93 | 1018 4.84 0.041 0.987 0.012 0.984 6987 | 0011
89 | U.94 | 840 17.70 | 0013 0.991 0014 | 0990 0.991 0.013
90 | U-95 | 10.18 5.22 0.012 0.930 0014 | 0914 0.930 0.012
gl | UYe | 1082 5.09 0.011 0.993 0.0t 1 0.993 0.993 0.011
|92 [ 197 | 980 5.35 0.013 0.969 0013 | 0968 0969 | 0013
95 | U-98 | to1g | 1655 | 0012 0.988 0.014 0.986 0.988 0.012
9% | 1-1 14.12 8.02 0.018 0.977 0011 0.992 0.992 0011
95 | 142 3.23 7.00 0011 0.949 0.012 0:940 0.949 D01
9 | T3 15.01 7.77 0.012 0.944 0015 | 0905 0.944 0.012
97 | T3 9.93 6.49 0.013 0.992 0.013 0.992 0.992 0.013
98 | T-5 12.34 713 0.014 0.990 0.014 | 099 0.990 0.014
99 | T-6 1171 624 | 0015 0.999 0.018 | 0999 0.999 0.015
0o | 1.7 10.82 7.26 0.011 0.988 0.012 | 098s 0.988 0011
01| T-8 12.22 7.51 0.012 0.977 0016 | 0962 | - 0977 0.012
02 | 19 12.85 6.49 0.013 0.988 0.013 0,989 0.989 0.013
103 | T-10 | 1298 | 1018 | 00l6 | 0989 0017 | 0988 0.989 0.016
04 | Tt | 1120 6.62 0.012 0.968 0.011 0.971 0.971 0.011
105 | 112 | 1333 8.40 0.012 0.986 0013 | 0985 0.986 0.012
106 | T-13 | 11.83 7.51 0.012 0.989 0014 | 0974 0.989 0.012
w7 [ 14 | 1120 955 0.014 0.988 0.013 0.988 0.988 0.014
08 | T-16 | 1056 8.02 0.013 0.983 0.014 | 0977 0.983 0.013
109 { T-17 | 967 8.40 0015 0.983 0015 | 0983 0.983 0.015
o | 118 | 1031 7.77 0.014 0.996 0016 | 0995 0.996 0.014
TS EEERS 7.89 0.012 0.962 0.012 | 0981 0.98 0.012
12 | T20 | 942 8.28 0.014 0.997 0.014 | 0997 0.997 0.014
ns | 121 | 1043 7.26 0.012 0.993 0.013 0.993 0.993 0.012
e | 22 | 1301 9.80 0.011 0.991 0.011 0.991 0.991 0.011
s | 123 | 1272 g15 | 0011 0.974 0.011 0975 | 0.975 0011
6 | T-24 | 17.56 8.40 0.012 0.933 0012 | 0933 0.933 0.012
17 | 125 | 12.09 7.77 0.012 0.963 0.012 | 0964 0.964 0.012
18 | T-26 | 12.72 7.26 0.02 0.995 0012 | 0995 0.995 0.012
1o | T28 | 1272 9.42 0.014 0.963 0014 | 0.964 0.964 0.014
120 | 129 | 1349 713 0.013 0.946 0.014 | 0958 0.958 0.014
21 T-30 12.34 7.26 0.011] 0.950 0012 0.942 (.930 0011
122 [ T30 | 1iss 7.89 0014 0.924 0.014 0.930 0.930 0.014
123 | 132 | 1501 9.2 0013 | 0979 0.017 | 0964 | 0979 0.013
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: LN ajo
R B R I N T I O B I
24 133 [ 1056 [ 713 | o014 | 0998 | o014 | 0998 | 0998 | 0014
125 | 134 | 1260 | 904 | o3 | 0985 | oots | 0978 | 0985 | 0013
120 | 135 | 1220 | 75 0012 | 0985 | 0015 | 0984 | 0985 | @012
127 | 136 | 1501 | 726 | 0015 | 0980 | 0013 |- 0981 | 0981 | 0.013
128 | 137 | 1056 | 789 | 0013 | 0943 | 0012 | 0950 | 0950 | 0012
120 ] 138 | 1323 | 89 0013 | 099% | 0014 | 0995 | 099% | 0.013
130 1 139 | 1438 0 993 | 0013 | 09% | 0015 | 0995 | 09% | 0.013
131 | 140 | 1565 | 878 | oo0it | 0993 | 0012 | 0992 | 0993 | 001
B2 v | 1323 | oess | oo | 0997 | o013 [ 0997 | 0997 | 0.013
133 | 12 | st §o7a3 | ooz | o099t | ooz | 0992 | 0992 | w012
e v | o [ oso2 [ oos | oow | o012 ["09% | 09% | 0013
155 | r45 [ 192 | 9o | o013 | o098 | 0013 | 098 | o988 | 0.013
130 | 146 | 1680 | 929 | o014 | 0983 [ 0017 [-0976 | 0983 | 0014
137 147 | 1196 | 866 1 0014 | 0957 | 0014 |-094& | 0957 | 0014
38 ] T-48 | 1323 | 980 | 0013 | 0982 | 0013 | 0960 | 0982 | 0.013
oty T osao | 1057V ooore | 0975 | 0020 (.09 | 0975 | 0016
10 | vso | oies | 726 | o012 ] 0979 | ooz | o09so [ o090 [ o2
s Toisse [ sao T ooois | 0977 o013} 0978 | 0978 | 0013
42§ 152 f 45 | 866 | 0012 | 094 | oou | 0929 | 0929 | ool
13| s | e | sas 0011 | 0981 | 0012 | 0975 | 0981 | 001
(141 | 1=58 | 929 | 1451 | 0011 | 099 | o017 | 0998 | 0999 | o014
45 | 160 | 1756 | 920 | oo1s | 0932 | oo1s | 0933 | 0933 1 0015
16 | Tor | 993 8.91 0011 | 098 | 0012 | 0978 | 0980 | 001
t17 ] 1Tee2 | 1285 | 853 | o014 | 09712 | oois | 098 | 0972 | o014
4R | T3 | 1527 | 815 | 0015 | 0973 | 0018 | 0961 | 0973 | 0015
49 | red | 1565 | 89 0012 | 0997 | 0026 | 0984 | 0997 | 0012
1so | 165 | 145t | 853 | ooz | o9 | 0014 | 0987 [ 0991 | o012
151 ] 167 | 1654 | 1044 | 0015 | 0991 | 0015 | 0992 § 0992 | 0015
152 | 768 | 1138 | 777 | o013 | 0953 | o012 | 0975 | 0975 [ 0012
1531 169 | 1311 | g9 0.013 | 0989 | 0013 | 0988 | 0989 | 0013
s+ 12 | oniss | o713 | ooz oo | ooz | 092 | 0992 | o012
155 | 7-73 | 1540 | 1031 [ oo | 0958 | 001l | 090 | 0960 | 001l
156 | 178 | 1425 | 967 | 0015 | 09% | 0015 | 090 | 090 [ 0015
157 | 1-79 | 119 | 802 | 0014 | 0999 | 0015 | 0998 | 0999 | 0.014
Iss | T-80 | 1336 | 598 1 o001 | 0997 | oon1 | 0997 | 0997 | o018
(391 T80 | 1425 | 789 | 0013 [ 0977 | om3 | o9m | 0977 | 0013 '}
160 | 1782 | 1374 | 726 | 0013 | 0974 | ooi4 | 0963 | 0974 | o013
lot | T-83 | 1387 [ 947 | 0013 | 0985 [ o003 | 0982 [ 0985 | o0.013
i62 ] T-85 | 1209 | 853 | ooi2 | 091 | oonn | o974 | 0974 | oon
163 | T-86 | 1400 | 840 | 0012 | 0993 | ooi1 | 0993 | 0993 | o012
64 | T-88 | 1504 | 929 | o013 | 0993 | o013 | 0993 | 0993 [ o013
165 | 189 | 4272 | 8as | oo12 | 0965 | 003 | 0960 | 0965 | o012
to6 | T-90 | 1362 | 726 | 0012 | 0997 | oot | 0998 | 098 | oon
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T o - - 1 =
ol e g | e | 8 e |
67 | 191 | 1501 9.04 0.012 0.996 0.013 0.996 0.996 0.012
68 | T-92 | 15.14 8.27 0.013 0995 | 0.014 0.995 0.995 0.013
169 | 193 | 14.38 9.80 0.014 0.977 0.014 0.977 0.977 0.014
170 | T-94 | 1438 8.53 0.013 0.955 0.013 0.953 0.955 0.013
171 | T95 | 1082 7.89 0.015 0.988 0.014 0989 | 0989 0.014
172 | T-96 | 222 7.64 0.012 0.947 0.013 0.953 0.954 0.013
173 | T-98 | 11.83 7.89 0.013 0.998 0.018 0.997 0.998 0.013
174 | T99 | 942 7.26 0.014 0.984 0.013 098 | 0986 0.013
175 | 1-101 | 9.03 547 0011 0.991 0.012 0991 0.991 0.011
176 | 1-102 | 1145 8.27 0.014 0.996 0.014 0.996 0.996 0.014 |

77 [ Tro4 | 1323 891 0.012 0.988 0.013 0.987 0.988 0.012
t78 | T-105 | 1132 7.38 0.015 0.975 0.016 0970 | 0975 0.015
179 | 1-107 | 1005 6.24 0.015 0.966 0.016 0959 | 0.966 0.015
180 | T-108 | 1438 1. 713 0.014 0.970 0.014 09567 | 0.970 0.014
181 | 1-109 | 1234 6.62 0.013 0.993 0.014 0.992 0.993 0.013
182 | 1o | 1680 7.38 0.013 0.996 0.016 0.996 0.996 0.013
183 | 1111 | 1082 5.2 0.015 0.994 0.016 0.994 0.994 0.015
184 | T-ri4 | 1323 7.38 0014 | 0962 0.015 0955 | 0962 0014 |
185 | T-118 | 1349 8.53 0.014 0.982 0.016 0.975 0.982 o.mH
18 | T-124 | 9.03 458 0.014 0.999 0.016 0.999 0.999 0.014
187 | 1-127 | 954 6.36 0.014 0.992 0.014 0.992 0.992 0.014
188 1 1-128 | 6.74 8.02 0.014 0.998 0.014 0.998 0.998 0.014

W T-131 | 1234 5.98 0.0t5 0.998 0.015 0.998 0.998 0.015
190 | T-132 | 15.14 8.40 0.015 0.969 0.014 0.984 0.984 0,014
o1 | T-135 | 1043 8.02 0016° | 0967 0.016 0.967 0.967 0.016
192 | T-134 | - 11.07 7.13 0014 | 0995 0.014 0.995 0.995 0.014
(93 | T-135 | 7.00 8.40 0.015 0.981 0.015 0.980 0.981 0.015
194 | T-136 | 13.36 6.87 0.013 0.993 0.013 0.993 0.993 0.013
195 | T-137 | 13.11 7.38 0.014 | 0999 0.014 0999 | 0999 | 0.014
196 | T-138 | 13.36 8.53 0.015 0.998 0.015 0.998 0.998 0.015
197 | T-139 | 1132 7.13 0.015 0.998 0.016 0.998 0.998 0.015
198 | T-143 | 10.05 6.75 0.013 0.995 0.013 0.995 0.995 0.013
199 | 1-146 | 929 9.29 0.015 0.993 0.015 0.993 0.993 0.015 -

200 [ 1147 | 1285 6.49 0.013 0.993 0.014 0.991 0.993 0.013
200 | T-150 | 1048 522 0.013 0.990 0.014 0.990 0.990 0013 1
202 | T-151 | 9.80 5.73 0.015 0.976 0.015 0.974 0.976 0.015
203 | T-156 | 7.89 407 0.014 | 0.992 0.014 0.992 0.992 0.014
204 | T-158 | 878 3.95 0.014 | 0974 0.014 0.973 0.974 0.014
205 | T-159 | 10.05 4.33 0.011 0.936 0.012 0.923 4.936 0.0l
206 | T-160 | 9.67 4.96 0.013 0.964 0.013 0.962 0.964 0.013
207 | T-161 | 9.03 4.71 0.014 0.924 0.014 0.927 0.927 0.014

208 | T-163 | 10.18 4.97 0.012 0.976 0014 | 0970 0.976 0.012
209 [ 1-165 | 1069 598 | 0.075 1 ooss | oois 0.985 0.985 lﬁﬂL
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B i Vie ia S
No ['TS’" \(n::ii]; !(lr?:;]h)l (rsrfrf,) R (.51?1}?.) RS Rfinat (rﬁ?ﬁiw
20 | T-166 | 8.27 3.82 0.013 0.994 0.013 0.994 0.994 0.01 34
a0 170 | 853 5.09 0011 0.994 0.011 0.994 0.994 0.011
220 17t | 840 5.98 0012 | 0997 0.017 0.994 0.997 0.012
23 | 1172 | 8.53 4.07 0.012 0.995 0.012 0.995 0.995 | - 0.012
4 14173 1 942 433 0.011 0.968 0.011 0.967 0.968 0.011
A5 T4 ] 764 12.48 0.015 0.993 0.015 0.993 0.993 0.015
26 | T-175 1 7.25 1,07 0.011 0.971 0.012 0.967 0.971 0.011
217 1 1176 | 8.65 3.95 0012 | 0939 0.013 0.932 0.939 0.012
AR | T-178 | 10,03 4.97 0.012 0.942 0.014 0918 0.942 0.012
29 | 112 | 865 171 0.013 0.961 0.013 0.957 0.961 0.013
20 | 14183 L 9.16 8.40 0.013 0.987 0.015 0.983 0.987 | -0.013
20 | 1185 | 814 3.82 0.014 0,984 0.014 0983 | 0.9%4 0.014
22 | 1187 | 814 3.93 0.043 0.997 0.017 0995 | 0997 | -0.013
23 | Te188 | 7351 107 0.013 0.993 0.016 0.990 0.993 -0.013
24 ] T-189 | 7.51 1.96 0.011 0.968 0.012 0.964 0.968 | .0.011
225 0 1-lvo | 1145 6.62 0.013 0.990 0.013 0.990 0990 | .0.013
[ 226 | T-191 8.53 5.09 0.014 0.933 0.014 0.926 0.933 0.014
27 | 1193 | 1069 3.69 0.013 0.953 0.013 0.951 0.953 0.013
228 { 1197 | 1031 4.16 0.014 0.993 -] 0.014 0.993 0.993 0.014
229 | 12199 | 15.40 6.49 0.013 0.999. | 0.014 0.998 0.999 0.013
230 | 1200 | 1718 6.49 0.014 0.998 | 0.013 0.998 0.998 0.014
231 { T-260 | 13.49 7.13 0.013 0.993 0.015 0.994 0.995 0.013
232 [ 1202 | 1260 6.37 0.011 0.997 0.013 0.996 0.997 0011
233 | T-203 | 1323 6.24 0.011 0.998 0.013 0.997 0.998 0.011
2| 204 | 1504 6.11 0.014 0.998 0.014 0.998 0.998 0.014
235 | 1205 | 1616 7.00 0.014 0.991 0.014 0.990 0.991 0.014
236 | 1207 | 14.89 7.00 0.013 0.998 0.013 0.998 0.998 0.013
237 1 208 | 1272 6.24 0.014 0.996 0.013 0.997 0.997 0.013
238 | 1-209 | 14.00 6.87 0.013 0.994 0.014 0.993 0.994 0013 |
[239 1210 | 1374 6.62 0.012 0.950 0.012 0.951 0.951 0.012
240 | 211 | 1145 5.60 0.012 0.993 | 0012 0.993 0.993 0.012
M1 (1212 | 1336 7.13 0.015 0.989 | 0.014 0.990 0.990 0.014
242 1 1213 | 1272 6.87 0.014 0998 |- 0.014 0.998 0.998 0.014 |
243 | T214 | 1107 10.31 0.014 0.997 }ro‘ow 0.997 0.997 0.014
244 | T215 | 1412 7.51 0.015 0.997 0.014 0.997 0.997 0.015
| 245 | 1216 | 1285 6.62 0.013 0.995 0.013 0.995 0.995 0.013
246 | 1218 | 1056 .82 0.013 0.922 0.012 0.928 0.928 0.012
247 | 1219 | 980 4.20 0.013 0.990 0.013 0.990 0.990 0.013
248 | 1220 | 547 5.98 0.014 0.968 0.014 0.968 0.968 0.014
| 249 | T221 | 10.69 5.86 0.014 0.987 0.015 0.985 0.987 0.014
250 | T-222 | 10.05 5.86 0.014 0.994 0.014 0.994 0.994 0.014
251 | 12223 | 5.85 6.11 0.014 0.992 0.014 0.992 0.992 0.014
252 | 1224 | 1018 5.47 0.013 0.998 0.013 0.998 0.998 0.013
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Lesion | Widih Height Saz R2 Sas ! R RZ Stinat
D (mm) {mm) (mm) 2 (mm) 3 final (mm)
253 | L-2 9.29 1248 | 0012 0982 | 0.014 | 0984 0984 | 0014
w4 13 9.54 4.46 0.014 0.967 | 0015 | 0959 0967 | 0014
255 | 14 942 9.42 0016 |- 0.97¢ | 0018 | 0965 0.970 | 0.016
256 | -7 1018 5.73 0.013 0.959 | 0014 | 09350 0.959 | 0013
257 | 1-8 9.67 1450 | 0011 0.970 | 001 0.975 0.975 0.011
[ 258 | L0 | o2 4.07 0.013 0960 | 0014 | 0956 0960 | 0013
259 | L-11 942 146 0.0H4 0.949 | 0015 | 0942 0949 | 0.014
260 | [-13 | 9354 5.60 0.014 098 | 0014 | 0986 0.986 | 0.014
00 | 114 | 967 5.35 0.015 0918 | 0015 | 0913 0918 | 0015
262 | 1418 | 840 1553 | 0.015 | - 0983 | 0020 | 0970 | 0983 0.015
23 | 1-19 | 1005 573 | 0012 0952 | 0013 | 0954 0.954 0.013
64 | 120 | 916 5.35 0012 | -0920 | 0012 | 0913 0920 | 0012
25 | L-21- | 954 196 0014 | -0954 | o0m6 | 0946 0954 | 0014
66 | 1222 | 840 4.97 0013 | J0.978 | 0015 | 0970 | 0978 0.013
267 | 173 9.92 133 0012 | _0.963 0.0i4 | 0966 0.966 0.014
28 | 124 | 891 5.02 0.011 0988 | 0014 | 0980 0.988 | 001
269 | 125 | 891 496 | 0012 | 0987 | 0013 | 0983 0987 | 0012
270 | 128 | 954 1630 | 0016 | 0954 | 0019 | 0934 0954 | 0016
2710 | 129 | 993 1668 | 0016 | 0970 0.016 | 0971 0.971 0.016
| 30 | 9 560 | 0014 | 0955 | 0019 | 0913 0955 | 0014
273 | 1-31 942 1413 | 0015 | 0965 0.015 | 0973 0.973 0.015
274 | 1532 | 1008 509 | 0014 1 0958 | 0015 | 0947 | 0958 | 0014
275 | 136 | 9.03 4.46 0.015 | 0953 0016 | 0943 0953 0.015
276 | L-37 | 9.9 433 0015 | 0965 0.017 | 0952 0965 | 0015
277 1 138 | 967 £33 0.011 0.994 [ 0015 7| 0987 | 0.99% 0.011
278 | 1-39 | 9.80 49 | 0.013 0978 | 0014 | 0974 0978 | 0013
379 | L4 | 1005 5.02 0015 | 0944 | 0017 | 0932 | 0944 0.015
| 280 | 142 | 1043 407 | 003 | 0962 0013 | 096 0962 | 0.013
280 | 43 | 929 5.09 0.013 0.943 0013 | 0937 | 0943 0.013
282 | L-44 | 1005 547 | 0012 | 0960 | 0014 | 0945 0960 | 0.012
283 | 145 | 10.18 484 | 0013 | 0941 0.015 | 0938 0.941 0.013
284 | 146 |. 853 446 | 0014 | 0976 | 0014 | 0975 0976 | 0.014
285 | L-5I 9.80 522 0.0i1 0974 | 0012 | 0970 | 0974 | O0.0fi
286 | L-52 | 942 522 0015 | 0942 | 0017 | 0929 | 0942 0.015
287 | 1-53 | 916 5.22 0012 | 0944 | 0012 | 0950 | 0950 | 0.012
288 | 1-58 | 903 52 0014 | 0921 0014 | 0923 0.923 0.014
289 | 1-59 | 840 5.35 0015 | 093¢ | 0016 | 0928 0.934 0.015
290 | L-69 | 9.16 5.98 0012 | 0918 | 0012 | 0917 | 0918 0.012
291 | 170 | 1048 | 6.1 0015 | 0935 0015 | 0930 0935 | 0.015
292 | 1-73 | 865 4.58 0012 | 0939 | 0012 | 0944 0.944 0.012
293 | L-74 | 891 471 0.012 | 098 | 0012 | 0990 0990 | 0.012
P00l s | 9.03 458 0.012 0.996 0012 | 0.99 0.996 0.012
295 | L-76 | 9.03 5.47 0.013 0.918 0.014 | 0.903 0.918 0.013
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No l.esion Width Height Saz R2 Sa3 R2 RZ. Tsfmal
tH> (mm) (mm) (mm) 2 (mm) 3 final (mm)
296 L-78 8.02 4.46 0.013 0.974 0.014 0.969 0.974 0.013
297 L.-80 8.65 5.86 0.015 0.930 0016 0919 0.930 0.015
208 1.-85 8.91 4.46 0.014 0.936 0.013 0.958 0.958 0.015
209 1.-88 9.29 4.58 0.013 0.983 0.015 0.977 0.983 0.013
300 | 1.-89 11.83 3.60 0.013 0.9.83 0.013 0.982 0.982 0.013
301 7 1.-90 11.38 573 0.014 0.995 0.014 0.993 0.995 0.014
302 5 1-92 10.69 497 0.014 1.978 0.014 0.977 0.978 (1014
303 T‘)B 0.93 4.33 0.013 0.988 0.013 .987 0.988 0.013
K1]x) 1.-94 8.63 4.84 0.012 0.972 3.013 0.964 0.972 0.012
ina 1.-93 1,05 4.97 0.013 0.966 0.013 0.966 0.966 0.013
i 306 1.-96 8.40 4.84 0.015 0.932 0.015 0.932 0.932 0.015
307 1.-97 8.53 5.22 0.012 0.947 0.012 .961 0.961 0.012
308 1.-98 9.16 5,22 0.014 .981 0.014 0981 {}1.981 0.014
[ 309 [.-99 942 4.46 0.012 0.963 0.012 0.963 " 0.963 0.012
I 310 1-100 10.56 6.11 0.015 (1903 0.014 0.910 0910 0.014
AN l.-11 840 547 016 0.943 0.016 0946 0946 0.016
312 [.-103 6.49 4.07 0.011 0.968 0.011 0.968 0.9638 0.011
313 1.-104 8.63 398 ¢.013 0.962 0.013 0.962 0.962 0.013
314 | L-105 8.27 522 0.013 0.986 0.013 0.987 0.987 0.013
313 | L-106 9.03 12.86 0.013 0.958 0.013 0.959 . 0.939 0.013
] a6 1.-107 105 5.60 0.013 0.935 0.014 0.917 0.935 0.013
317 [.-108 916 6.1 0.011 0.944 0.0t 0.946 (L946 0.011
] I8} L-109 9.93 6.37 0.012 0.924 0.012 0.926 0.926 0.012
319 | L-111 9.16 5.47 0.012 0.929 0.013 0.924 0.929 0.012
320 1.-117 9.5 6.37 0.014 0.9%6 0.014 0.996 0.996 0.014
i 1-118 9.29 6.75 0.014 (.983 0.015 0.982 0.983 0.014
I 22 L-i23 10.03 347 0.014 0.987 0.013 0.988 0.988 0.013
323 | =125 8.91 6.24 0.015 0.989 0.615 0.988 0.989 0.015
324 | L-1327 9.29 4.96 0.0lg 0.971 0.011 0.972 - 0.972 0.011
325 1 1.-128 9.80 5.86 0.014™ 0.998 0.615 0.998 0.998 0.014
326 | 1.-130 9.54 0.24 0.012 0.983 0.013 0.977 0.983 0.012
327 | [~131 9.67 5.86 0.013 0.934 0.015 0.924 0.934 0.013
328 i:—l 35 10.43 5.09 0.014 0.946 0.613 0.966 0.966 (.013
329 | L-137 6.62 2.80 0.012 0.990 0.012 0.990 0.990 0.012
330 ¢ 12139 9.80 4.46 0.013 0.993 0.013 0.993 0.993 0.013
33 [-140 9.80 {.84 0.012 0.990 0.012 0.989 0.950 0.012
332 | L-t43 9.67 6.36 0.015 0.928 0.013 0.915 0.928 0.015
333 ] L-144 10.18 16.04 0.016 0.996 0.023 0.991 0.996 0.016
334 | 1.-145 10.18 5.22 0.014 0.948 0.015 0.941 0.948 0.014
335 | L-147 10.36 5.09 0.013 0.953 0.013 0.963 0.963 0013
336 | L-151 9.80 5.60 0.013 0.965 0.016 0.946 0.963 0.013
337 3 L-152 8.65 6.62 0.014 0.982 0.016 0.978 (.982 0.014
338 | L-133 9.16 6.24 0.012 0.975 0.013 0.963 0.975 0.0IZ
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R T I T o R s
339 | L-156 | 942 598 | 0014 | 0942 | 006 | 0929 [ 0942 | oo |
340 | L1358 | 891 433 | 0013 | 0988 | 0017 | 0982 | 0988 | 0013
341 | L-160 | 10.82 560 | 0015 | 099 | 0015 0.996 | 099 | 0015
3421 L-162 | 1043 4.96 0.013 %0.992 0015 | 098 | 0992 | 0013
343 | L-163 | 1005 5.22 0012 | 0971 0015 | 0958 | 0971 | 0012
344 | L-165 | 954 17 0.015 | 0954 | 0016 | 0948 | 0954 | 0015
345 | 1-166 | 9.67 5.86 0012 | 0982 | oot4 | 0975 | 0982 | 0012
346 | 1-172 | 891 5.73 0011 | 098 | 0011 098 | 098 | 0.0I1
47 | 64173 | 1056 5.86 0013 | 0957 | 0013 | 0957 | 0957 | 0013
a8 | L1 | 1 (731 | 0015 | 0987 | 0015 | 0988 | 0988 | 0015
399 | 1175 | 1629 | 687 0012 | 0985 | 0019 | 0963 | 0985 | 0.012
7350 | 1-176 | 1107 5.35 0014 | 0948 | 0014 | 0951 0.951 0.014
E IR 5.60 0015 | 0994 | 0015 | 0994 | 0994 | 0.01s
352 | L-181 | 9.03 5.47 0.014 | 0992 | 0014 | 0:991 0992 | o014
353 1 1183 | 9.29 S35 L 0013 | 0974 | 0015 0.963 | 0974 | 0013
351 | 1-184 | 9.93 5.98 0014 | 0974 | 0016 | 0964 | 0974 | 0014
| 355 | L8 | 954 547 0.013 | 0981 0.0t4 0.977 | 0.98] 0.013
356 | 1-187 | 9.80 1680 | 0014 | 0987 | 0018 | 0970 | 0987 | 0.014
357 | 1188 | 10.05 5.73 0.012 | 0977 | 0011 0.978 | 0978 | 0011
358 | 1-190 | 942 573 1 00l 0.981 | 0012 0979 | 0984 | o001
359 | 1-191 | 942 471 | o012 | 0987 | 0013 0984 | 0987 | 0.012
360 | L-192 | 802 6.62 0013 | 0937 | 0014 0945 | 0945 0.014
361 | L-193 ] 1005 5.98 0013 | 0969 | 0014 | 0964 | 0969 | 0.013
362 | 1-194 | 1018 | 1655 | 0012 | 0987 | 0016 | 0980 | 0987 | 0012
363 | L-195 | 967 5.09 0014 | 0926 | 0014 | 0926 | 0926 | 0014
364 | L-196 | 9.54 433 0015 | 0927 | 0014 0.930 | 0930 | 0014
365 | 1197 | 9.93 4.97 0.012 | 0979 | o00ta | 0971 0979 | 0012
366 | 1-198 | 8.78 4.96 0011 | 0959 | 0011 0.961 0.961 0.011
367 | 1-199 | 9.93 4.96 0.011 0992 | 0015 0.981 0992 | 0.0I1
368 | 1-201 | 7.89 3.69 0.01s | 0906 | 0015 0905 | 0906 | 005
369 | L-202 | 942 1438 | 0015 | 0969 | 0015 0965 | 0969 | 0015
370 | 1203 | 8.4 .96 0012 | 0918 | 0012 0.916 | 0918 | 0.012
370 | L-204 | 853 573 0013 | 0952 | 0.013 0952 | 0952 | 0013
372 | 1205 | 9.93 5.98 0015 | 0961 0.015 0.960 | 0.961 0015
373 | L2t | 776 344 0613 | 0998 | 0014 0.998 | 0998 { 0013 |
374 | L-213 | 891 5.09 0015 | 0974 | 0016 | 0969 | 0974 | 0015
s [ 1215 | 916 6.24 0.011 0903 | 0011 0.903 | 0903 | 001
376 | 1217 | 942 451 | 0011 0940 | 0.012 0944 | 0944 | 0012
377 1 L218 | 1056 | 5.00 0013 | 095 | 0.013 0959 | 0959 | 0013
378 | 1219 | 878 4.20 0.004 | 0.941 0.015 0936 | 0.941 0.014
379 | B-220 | 1082 | 4T 0012 | 0942 | 0013 0.931 0942 | 0.012
| 380 | 222 | 1056 | 420 0.011 | 0956 | 0011 0.957 | 0957 | 0.011
| 381 | 223 | 800 471 | 0013 | 0965 | 0013 | 0963 | 0965 | 0.013
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N LB o | | | B L amm B | B )
382 | L-224 10.56 158 0.015 0.979 0.015 0.979 0.979 0.015
383 ] 1-226 9.29 382 0.013 0.998 0.017 0.996 0.998 0.013
384 | 12227 9.93 4.07 0.013 0.987 0.012 0.98¢9 0.989 0.012
385 ¢ 1.-228 8.02 J 395 0.012 0.998 0.012 0.998 0.998 0.012
386 | 1.-229 §.33 4.58 0.014 0.996 0.014 0.996 0.996 (3.014
387 | L-231 9.54 5.22 0.012 0.991 0.012 0.991 0.991 0.012
388 | 1.-233 10.94 J1.64 0.014 0.998 0.014 0.998 0.998 0.014
389 | [-236 I l.32j 3.69 0.014 0.992 0.015 0.989 0.992 0014
3en y 1-237 14.51 6.87 0.014 0.996 0.014 0.996 0.996 0.014
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APPENDIX C: TRAINING DATASET OF PSORIASIS LLESION

o | atient | age Gengrfeegon | WS P HSS ] Sex Topg S | gy g |
U pamor | 3s oMo L o286 | 1769 | 0031 | 0967 | 0033 | 0967 | 0967 | 0033
2 [ peaMoit |36 | MO T 1643 | 1922 | 003 | 0939 | 0038 | 0930 | 0939 | 0036
T {paMOH [ 36 MO 12 ! oq7 | 1041 | 0041 | 0960 | 0041 | 096 | 0961 | 0.04i
4 |paMOR L 36 | M | U2 | 650 | 1005 | 0018 | 0997 | 0016 | 0998 | 0998 | 0016
s | PSMBR |69 | M| U3 | 675 | 703 | 0036 | 092% | 0028 | 0918 | 092 ! 002%
6 P-6-AZ1 2 M Hl 9.30) 7.38 0.049 0978 0.049 0978 0978 1.049
7 psazt f32 ) M oLt Lizss | 1200 | 0052 | 096: | 0032 | 0963 | 0ved | 0052
s | peeazl |32 | M | T1 | 1588 | 751 ] 008 | 0950 | 0052 | 0941 | 0950 | 0.058
o | Peazt {320 M P ur oz | 776 | 0035 | 0977 | 0037 | 0975 | 0977 | 0033
| P6-azl [32 1 MO L2 LS | 1260 | 0033 | 0779 | 0043 | 0915 | 0915 | 043
i1 P-6-A71 32 i3 U3 3.79 751 1.046 0934 0.045 0954 (1934 h,ﬂ;lﬁ
12 P-7-SIV 40 ] M LZ 10.44 10.31 0.030 0.904 0.027 0.920 0.920 0027
prsiv (40 | M L3 ] 637 | 675 | 0036 | 0916 | 0037 | 0914 | 0916 | 0036
41 prsivo fa0 LM | T 662 | 687 | 0029 | 0969 | 0029 | 0968 | 0969 | 0.029
s pasiv |40 | M D12 T 739 | 780 | 0044 | 0501 | 0046 | 0857 | 0901 | 004
16 P-7-51v 40 M T3 6.88 7.13 0024} 0964 0.020 0976 0.976 0.020
17 | P-8-5UN 62_4 M Hl 497 385 0.020 0.924 0.620 1924 0913 0.020
18 PSSUN 62 | M | L2 752 | 725 | 0.0625 | 0964 | 6027 | 0954 | 0964 | 0025
19| P8SUN |62 | M | L3 | 688 | 496 | 0.025 | 0928 | 0025 | 0928 | 0928 | 0025
20 | P8SUN {62 [ M | TI | 1414 | 1301 { 0.035 | 0984 | 0036 | 0984 | 0984 | 0036
2 | P-8-SUN 62 M T3 373 4.71 0.020 .949 0.020 (0.949 .949 0.020
2lessun |62 | M [ 293 ] 344 | 0.020 | 0908 | 00227 | 0911 | 0911 | 0022
3 iegsuN a2 | M O] w3 | 395 | 369 | 0.019 | 0932 | 0019 | 0932 | 0932 | 0019
240 P-8-MOH 60 M i.12 1274 14.25 {.005 0.955 0.061 0).961 0.96] 0.061
25 |PO-MOH | 60 | M | 12 | 1605 | 1705 | 0041 | 0985 | 0038 | 0987 | 0987 | 0.038
26 P9-MOH | 60 { M | TI 1656 | 1553 | 0045 | 0976 | 0045 | 0975 | 0976 | 0043
7 ipo-MOH |60 | M | T2 | 1223 | 1234 | 0040 | 0967 | 0042 | 0951 | 0967 | 0.040
28 (P9-MOH | 60 | M | 1 | 1617 | 1438 | 009 | 0945 | 0092 | 0950 ) 0950 | 0092
20 [P9-MOH | 60 | M | Ul 726 | 1387 | 0032 | 0969 | 0029 | 0955 | 0969 | 0032
30 1 P-9-MOH 60 M U2 7.90 13.75 0.038 0.980 0.039 0.978 G.980 0.038
3 PoMOH | 60 ] M | U3 | 1185 | 1145 | 0042 | 0983 | 0040 | 0985 | 0985 | 0.040
32 0P-10-MUH | 28 | M| HI 955 | 929 | 0038 | 0850 | 0037 | 0948 | 0950 | 0038
33 0P-10-MUH {28 | M [ L2 | 624 | 1196 | 0072 | 0969 | 0069 | 0972 | 0972 | 0069
34 |ptomut | 28 | M| 13 955 | 1285 | 0051 | 0976 | 0051 | 0975 | 6976 | 0051
s plomud |28 | M | T2 548 | 420 | 0037 | 0908 | 0637 { 0907 | 0908 | 0037
36 |P-IO-MUH | 28 | M | T4 | 1605 | 1540 | 0077 | 0967 | 0070 | 0972 | 0972 | 0070
37 |P-1o-MUH 28 | M [ u2 | am | 853 | oo2e | 0920 | 0025 [ 0928 | 0928 | 0.025
38 1P11-THA | 43 | F H 1032 | 1324 | 0023 | 0977 | 0024 | 0975 | 0977 | 0023
39 [P-11-THA | 43 F L1 4.20 5.60 0.016 0933 0.016 0.636 0.936 J016
eI Lu 484 | 540 | 0024 | 0959 | 0024 | 0959 | 0959 | 0024




—

o i Joonts jeson | 0l TS ] S0 T | S0 | m | e |
41 1P 11-THA |43 g Tl 11.08 866 | 0038 | 0912 1 0052 | 0907 | 0812 | 0058 |
A2 0P-11-THA 43 I T2 7.51 09 0026 1 0965 | 0023 | 0966 | 0966 | 0023
43 {PT-THA | 43 F T3 6.62 1005 4 0026 | 0950 | 0024 | 0956 | 0936 | 0024
a4 {P-1I-THA | 43 ¥ Ul 828 993 0030 | 09358 | 0.029 | 0860 | 0960 | 0.029
45 A 93 F U2 5.09 547 0028 | 0974 | 0026 | 0977 | 0977 | 0026
6P THA | 43 ¥ U3 7.90 1158 | 0020 | 098 | 0030 | 098 | 098 | 0030
47 {P-12-YFE | 37 | M L2 10.93 726 | 0043 | 0932 | 0.042 | 0953 | 0953 | 0042
SR P-12-YEE | 57 | M L3 7.39 T196 | 0035 | 0936 | 0.033 | 0962 | 0962 | 0032
19 P-12-YEE | 57 | M T2 9.17 662 | 0026 | 0978 | 0.027 [ 0976 | 0978 | 0.026
0PAIZNEE | ST | OM 13 7.64 S60 | 00335 | 0909 | 0046 | 078 | 0908 | 0O s |
SUPPLI2-YEE [ 57T 1 M u3 5.09 509 | D016 | 0981 | 0015 | 0982 | 0982 | Q0I5
32 | P-13-ABD | 6D M F 6.24 827 0.039 | 0938 | 0.039 | 0938 | 0938 | 0039
23| P-15-ABD 60 | M T 5.60 6.11 0015 | 0943 | 0.5 | 0943 | 0943 0015 |
S4IP-13-ABD | 60 1 M T+ 2104 1 2698 | 0059 | 0970 | 0085 | 0962 | 0970 | 0059
<5 [ P-13ARD | 60 M 13 815 5.34 0041 | 0850 | 0034 | 0921 | 0921 | 0034
o L P-1-PAT | 60 F H2 573 508 0028 § 0933 | 0028 | 0934 { 0934 | Q02K
Fﬁ P-14-1AT | 60 ¥ L2 7.00 433 0027 | 0959 | 0.026 | 0961 | 0961 | 0.026
S8 P-14-FAT | 6D r T2 5.35 509 | 0028 | 0930 | 0027 | 0933 | 09323 0.027J
S P-14-FAT | 60 F Ul 382 446 0019 | 0947 | 0018 | 0952 | 0952 | 0.8
o0 | P-14-FAT | 60 F U2 497 443 0.021 | 0964 | 0021 0964 | 0964 | .02
al TP-14-FAT T 60 r U3 497 420 | 0020 | 0960 | 0018 | 0966 | 0966 | 0.018
o2 | PAAS-AIL | 37 | M L 6.37 10.05 | 0020 | 0926 | 0029 { 0923 | 0926 | 0.029
Lrﬁ_ P-15-A17 | 37 | M TI 548 1260 | 0032 | 0983 | 0031 0984 | 0984 | 0.03
od | P-15AlL [ 37 8 M 12 11.21 764 | 0035 [ 094 [ 0035 | 0943 | 0949 | 0.03F
65 L PASAZ | 37| M u2 4.59 522 | 0019 | 0912 | 0018 | 0615 | 0915 | 0.018
ne [ P-15A17 | 37 | M U3 5.09 585 | 0030 | 0906 | 0030 | 0903 | 0906 | 0.030
67 {P-le-AZE |47 L M u2 522 6.87 0048 | 0906 | 0.049 | 0904 | 0906 | 0.048
hx P-ig-a711 | 47 | ™ 11 4.46 624 | 0017 | 0945 | 00I7 | 0945 | 0945 | 0017
69 FP-16-AZH | 47 | M Li 5.86 840 | 0032 | 06926 | 0034 § 0933 [ 0933 | 0.034
0 4P-16-AZH [ 47 | M 1.2 4.46 5.85 0.019 | 0973 | 0020 | 0973 0.‘9:(} 0.020
P-t7-MUH | 22 | M Ul 11.84 | 1286 | 0028 | 098 § 0028 | 098I | 0981 | 0028
T2 |P-17-MUn | 22 | M U2 1248 1425 | 0022 | 0958 | 0021 | 0960 | 0960 | 0.021
73 P-r-Mul [ 22 | M u3 1044 | 1005 | 0036 | 0969 { 0037 | 0968 | 0969 | 0.036
F4qP-17-MUH | 22 | M T3 841 8.53 0031 | 0925 | 0030 ! 0930 | 0930 | 0.030
73 (P-17-MUH] 22 | ™M (] 10.19 1680 | 0.034 0987 | 0034 | 0984 | 0987 | 0034
6 rrreMim ] 22 | M L2 15.03 1375 | 0080 | 0960 § 0078 | 0961 | 0961 | 0.078
77 {earMun | 22 [ M L3 1084 | 1655 | 0035 | 0988 | 0035 | 0988 | 0988 | 0.035
T8 API7T-MUH | 22 | M L4 2955 § 2291 | 0040 | 0977 | 0042 | 0991 | 099! 0.042
79 [PA7-MUH | 22 | M L3 1898 [ 2138 [ 0038 | 0987 | 0038 | 0987 | 0987 | 0038
80 | P-18-S1D | 41 M uz 522 585 0028 | 0951 | 0028 | 09352 | 0952 | 0.028
81 [ P-18-51D | 41 M U3 6.62 6.87 0031 | 0921 | 0031 | 0.9i8 | 0.921 0.031
82 | P-18-SI1D | 41 M T3 5.73 7.89 0034 | 0934 | 0033 | 0936 | 0936 | 0.033
3 | pissiD | 4 M Lt 1159 | 10.06 | 0025-§ 0967 | 0025 | 0968 | 0968 | 0.025
84 | P-18-SD 1 41 M L2 866 1120 | 0029 | 0969 | 0028 | 0970 | 0970 | 0.028

158




[N | Paren Age |Gender [Region mg:‘; *:;'fj;‘ (f;;l R3 (g:r'fn' RE | RE fl':;rln;
[8S IPlo-NUR | 19 | F | HI | 688 | 1235 | 0027 | 0953 | 0020 | 0947 | 095 | 0027
g6 [P-19NUR [ 19 | F | Ul | 777 | 1082 | 0039 | 0946 | 0043 | 0937 | 0946 | 0039
g7 [PaonUR [uo [ 1 T2 [ 879 | 1196 [ 0040 | 0939 | 0039 | 0951 | oesi [ 0039
s [p-loNUR [ 19 | F | us | 1185 | 1540 | 0057 | 0931 | 0039 | 0947 | 0951 | 0057
R0 [PI9NUR | 19 | F | 11 | 1181 | 1082 | 0041 | 0980 | 0041 | 0980 | 098¢ | 0.041
oo {paoNUR 119 [ F [ 12 | 1108 T 942 | 0040 | 0081 | 0040 | 0081 | 0981 | 0.040
ol [PaoNUR [ 16 | F | T3 | 879 | 802 | 0042 | 0950 | 0041 | 0954 | 095 | 0.04i
o2 [P-1oNUR | 19 | v | Lt | 936 | 131 | 0036 | 0993 | 0036 | 0993 | 0993 | 0036
o3 [P-ToNUR [ 19 ] F | L2 | 879 | 1120 | 0035 ¢ 095 [ 0034 | 098 | 0958 | 0.034
o1 [P1oNUR [ 19 | F | L3 | 688 | 865 | 0022 | 0970 | 0022 | 0973 | 0973 | 0022
95 P20-MOH | 34 | M | U3 | 3464 | 1375 | 0079 | 096t | 0078 | 0962 | 0962 | 0078
96 [P-20-mOt {34 | M| TI | 2089 | 1680 | 0078 | 0948 | 0076 | 0930 | 0950 | 0076
97 [P20MOH | 34 | M | 13 | 1302 | 1082 | 0051 | 0967 | 0048 | 0970 | 0970 | 0.048

98 1P-20-MOH | 34 M T3 2394 21.00 0.5 0.967 0.120 0.964 0967 0113
99 | 1-20-MOH ] 34 o T6 37.95 0| 2838 0.136 0964 0.148- 0.954 0864 0136
P0G [P-20-MOE | 34 M T7 9.93 7.25 0.076 0.958 0.063 0933 0938 0.076

100 [P20MOH |34 | M | L1 | 1900 | 1604 | 0431 | 0931 | 0131 | 0933 | 0933 | 0.43t
o2 [P20MOFT | 34 | M | L2 | 3709 | 1324 | 0125 | 0941 | 0.116 | 0923 | 0941 | ©.125
Lrosfp2omon L3 T oM s | 00 | 878 | 0030 | 0980 | 0027 | 0966 | 0980 | 0030

1] P2tzAl |62 | M | Ul | 1325 | 1158 | 0049 | 0941 | 0043 | 09s6 | 0956 | 0.044
m PRZAT |62 { M | U3 | 611 | 674 | 0029 | 0938 | 0030 | 0947 | 0948 | 0.029

e | P21ZA1 | 62 | M | Ti | 2547 | 2189 | 0036 | 699 | 0.032 | 0997 | 6997 | 6032

107 [ P-20ZA1 | 62 | M | T2 | 1325 | 1285 | 0.038 | 0960 | 0035 | 0963 | 0963 | 0033
Ltos[patzar [e2 [ M [ 713 [ 2535 | 751 [ 0067 | 0962 | 0070 | 0960 | 0962 | 0067

b9 [P21-ZAL | 62 | M | L1 | 662 | 1120 | 0028 | 0985 | 0.028 | 0985 | 0.985 | 0.028
L‘L‘ P2IZAL | 62 | M | 12 | 2038 | 1782 | 0041 | 0990 | 0042 | 0990 | 0990 | 0042

D1 P2iZAl | 62 | M | L3 | 1567 | 1922 | 0019 | 0963 | 0027 | 0968 | 0968 | 0.027

2 |p22MOH [ 38 1 M 1 Ul | 2076 | 1744 | 0050 | 0968 | 0051 | 0968 | 0.968 | 0.051

113 |P-22-MOH | 38 M 1.4 3426 12774 0.045 4.973 6.050 0972 | 0973 0.045

114 |P-22-MOH | 38 M L3 3044 4 2749 0.032 0.976 0.046. | 987 0.987 0.046

115 [P-22-MOH | 38 M L& 31.08 26.33 0.032 0.982 0.042 0.990 0.990 0.042

10 iP-24-KAM | 60 M ut 828 12.22 0.036 0.965 0.036 0.965 0.963 036

117 [P-24-KAM | 60 M Tl 943 10.56 0.026 0.965 0.026 0963 | 0965 0.026

118 |P-24-KAM | 60 M T2 917 12.98 0.026 0.978 0.025 0979 0.979 0.025

119 |P-24-KAM | 60 | M T3 1783 | 13.75 | 0035 | 0971 | 0034 | 0973 | 0973 | 0034

120 [P25-RAB { 74 | F | Ul | 866 | 598 | 0019 | 0985 | 0.019 | 0985 | 0985 | 0.019
rlpasraB L 74 | oF | T4 [ 3579 | 2825 [ o0st | 0913 | 0o0se | 0736 | 0913 | 0051
122 [p2sraB | 74 | F | T2 | 1809 | t1ss | 0026 | 0991 | 0.025 | 0992 | 0992 | 0025
t23|p25-RaB [ 74 | £ | L2 | 1006 | s73 | 0031 | 0924 | 0030 | 0928 | 0928 | 0030
124[P-25-RAB | 74 | F | 13 | 1235 | 1234 | 007 | 0917 | 0071 | 0917 | 0917 | 0071
125 [P2o-sAM L a9 | oM | ur | o433 | 395 | 0033 | 0953 | 0032 | ooss | 09sa | o032
126 P26-5aM | 44 | M [ w22 | 220 | 203 [ oo | 0923 [ o018 | o923 | 0023 | 0018
127 [P26-SAM | 44 | M| U3 | 433 | 445 | 0015 | 0925 | 0015 | 0928 | 0928 | 0015

128 | P-26-SAM | 44 0.027 0.931 0931 0.027
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(4.025 0917




No | Patient Age (jcndcr_ Region \(':::}; i({::lih]l (i?ﬁzﬂ , RZ (i:‘; , R Rfmaf (S:; ;‘;:I)
120 [P-26-SAM | 44 | M | L2 | 2305 | 2418 | 0051 | 0976 | 0055 | 0985 | 0985 | 0035
Golp2esaM [ 43 | oM L3 | o726 | sis | 002 | oonr | 002 | o942 | oo | 0023
131 |P27-ROM L 27 | F | HI | 688 | 929 | -0025 | 0983 | 0024 | 0985 | 0985 | 0.0
alp2zron [ 27 | F O] Ul | a8 | 573 | 0033 | 096: | 0034 | 0963 | 0964 | 0033
af{eazron f27 0 oF [ o2 | 306 | o356 | o024 | 0920 [ 0023 | 0926 | 092 | 0023
{3 |P-27ROM | 27 | F | U3 | 438 | 3547 | 0026 | 0916 | 002 | 0946 | 0946 | 0.026
351P-27-ROH [ 27 | F | T1 | 344 | 395 | 0026 | 0932 | 0026 | 0933 | 0952 | 0026
IE P27.ROM {27 | F | LI | 802 | 865 | 0025 | 0960 | 0023 | 0965 | 0965 | 0.023
137 (P27ROM [ 27 | 1 | 12 | 344 | 3.8 | 0016 | 0951 | 0015 | 0956 | 095 | 0015
s ip2rRON | 27 L F | 13 | 662 | 203 | 0051 | 0937 | 0031 | 0037 | 0937 | 0.03i
159 [P2EMAR |52 | M| U2 | 1286 | 1324 | 0068 | 0921 | coes | 0921 | 0921 | 0.068
wofpasatar [ 52 [ a0 | om0 | 993 | 942 | o047 | oon [ 0047 | 0013 | 0913 | 0047
o [pasnAR |32 | M | T2 | 369 | 48¢ | 0025 | 0924 | 0025 | 0925 | 0925 | 0.0%
aleasaar [ 52 ] M 12 | 2063 | 1667 | 0036 | 0978 § 0033 | 0979 | 0979 | 0033
B3 IP2S-MAR | 52 | M| 13 | 1860 | 1881 | 0049 | 0965 | 0051 | 0961 | 0965 | 0.040
ar2sMar | 52 | M 15 ] 2488 | 2787 | 0044 | 0989 | 0046 | 098 | 0989 | 0044
145 |P29-BAK | 39 | M | U3 | 1044 | 1005 | 0031 | 0955 | 0030 | 0955 | 0955 | 0.030
H6iP-29-BAK L 39 | M | LI | 993 | 920 | -0044 | 0938 | 0044 | 0939 | 0939 [ 0044
47 iP20BAK {39 | M | 12 | 1796 | 802 | 0040 | 095 | 0042 | 0935 | 0950 | 0.040
g [P20BAK [ 39 | M | La | t172 [ 1480 | 0032 | 0960 | 0032 | 0960 | 0960 | 0.032
o lvsoco a7 | M [ 1 | 497 | 624 | 0033 | 0984 | 0023 | 0984 | 0981 | 0023
150 [P-30-CHE | 27 | M | UL | 1465 | 815 | 0052 | 0939 | eods | 092 | o9z | oos
pstfpso-cne | 27 | M | TU | 1821 § 1387 | 0054 | 0975 | 0033 | 0975 | 0975 | 003
52 [voct 27 | M | 12 | 1796 | 1184 | 0037 | 093% | 003 | 094 | 0918 | 0033
b3 P30-CHE {27 8 M | T3 -] 2522 | 1527 | 0077 | 0923 | 0077 | 0924 | 0925 | 0077
sl p-de-chE | 27 ] M | T4 | 144 ! 2622 | o048 | 0910 | 0049 | 0s0s | 0910 | o048
155 | PS0-CHE | 27 | M| 15 | 2407 | 1324 | 0059 | 0950 | 0059 | 0951 | 0951 | 0059
156 |[P-30-CHE | 27 | M | L1 | 2242 | 2380 | 0040 | 098 | 0042 | 0984 | 098 | 0040
157 [p3ocn: {27 | M 32 | 1630 | 2673 | 0051 | 0960 | 0050 | 0961 | 0961 | 0.050
ssedrene 32 | v [ e | tos | 1018 | ooel | 0920 | 006l | 0921 | 0921 | 006l
isolparcue f32 | [ Uz | 1719 | 1795 | 00ST | 0940 | 0053 | 0946 | 0946 | 0.0%3
o P-31-CHE | 32 | F f U3 | 2076 | 1222 | 0060 | 0917 | 00359 | 0918 | 0918 | 0.0%9
o [P31-CHE [ 32 | F | T [ 1607 | 2138 [ 0055 | 0942 | 0053 [ 0948 | 0948 | 00s3
e2|p3i-che b 32 | F | T4 | 1210 | 993 | 0055 | 0934 | 0054 | 0935 | 0935 | 004
3 {P31-CHE [ 32 { F | L1 | 1337 | 954 [ 00s4 [ 0953 | 0043 [ 0943 | 0953 | 004
iod | P3rcne {32 |-k | 3 | 1898 | 1604 | 0020 | 0966 | 0020 | 0966 | 0966 | 0029
t6s [P31.CHE [ 32 [ ¢ | L4 | 1630 | 1565 | 0042 | 0978 | 0.042 | 0978 | 0978 | 0.042
oo {P-31-CHE | 32 | ¢ | s | 879 | 1005 | 0034 | 0949 | 0033 | 0951 | 0951 | 0033
(107 {p32-LEA (48 { F | U3 | 1452 | 1426 | 0040 | 0967 | 0040 | 0967 | 0967 | 0.040
tog [P-324FA [ 48 | ¢ | 11 | tsab | 1400 | 0033 | 0951 | 0033 | 0952 | 0932 | 0033
oo} p-3206A |48 | P | T2 | 1146 | 1413 | 0031 | 0948 | 0030 | 0950 | 0950 | 0.030
1761 P-32-LEA | 48 | F | T3 | 1605 | 1133 | 0049 | 0970 | 0048 | 0971 | 0971 | 0.048
17 ) p-32-0eA a8 | F [ 13 [ wear | s | 0oso | 09so | 00so | 0951 | 09si | 0089
i72[p-331aw 159 | M | W | os9x | 904 | 0038 | 0940 | 0038 | 0941 | 0941 | o038




e e R T A B L b

BAPARLAW A9 ) M ) U | 1159 | 1298 | 0034 | 0980 | 0034 | 0980 | 0980 | 0.034
P33-LAW | S9 1 M | U3 | 1070 | 1082 | 0034 | 0951 | 0053 | 0954 | 0954 | 0033
TIP-33-Law | 59 P M| TEo | 2127 | 1629 | 0068 | 0967 | 0073 | 0963 | 0967 | 0.069
P33LAW [ 59 0 M ] 12 | 2573 | 1400 | 0058 | 0970 | 0036 | 0972 | 0972 | 0036
P33-LAW | 39 | M | T3 1 1834 | 1336 | 0066 | 0959 | 0061 | 0960 | 0960 | 0.064
P-33-LAW 3 39 | M| T4 ) 3426 | 2736 | 0065 } 0953 ] 0072 | 0952 | 0953 | 0063
P-33-LAW | 59 | M} TS [ 1923 | 1247 | 0053 | 0967 | 0051 | 0968 | 0968 | 005
P-330AW | 59 1 M| L 828 | 10.82 | 0031 | 0945 | 0030 | 0947 | 0947 | 0.030
P-334AW [ 59 ] M [ L3 | 879 | 1094 | 0046 | 0963 | 0046 | 0961 | 0964 | 0046
P34RIZ | 23§ F [ HI 548 | 827 | 0021 | 098 | 00200 | 0990 | 0990 { 0.020
P-3-RIZ L 23 | F UL 1083 | 2482 | 0040 | 0984 | 0039 | 098¢ | 0984 ) 0039
P34RIZ [ 23| F | 10 | 2000 | 1336 | 0038 | 0951 | 0040 | 0942 | 0951 | 0.038
P34RIZ [ 23 | F [ 12 1299 | 738 | 0047 | 0901 | 004 | 0911 | 0911 | 004
P-34-RIZ V23 1 F ] T3 ] 0210 | 104 | 0040 | 0964 | 0041 | 0963 | 0961 ; 004
P-34-RIZ [ 23 | ¥ L1 1834 | 1095 [ 0.031 | 0960 | 0.031 | 0938 | 090 | 0031
P-34-RIZ [ 23 | F L2 853 | 1616 | 0035 | 0970 | 00334 [ 0971 [ 0971 | 0034
P34-RIZ | 23 | F L3 | 1363 | Bis | 0041 | 0959 | 0.041 | 0940 { 0959 | 004
P34-RIZ | 23 | F L4 | 1006 | 7.64 | 0031 | 0955 | 0029 | 0962 | 0962 | 0029
P34RIZ {23 | F L3 ] 2904 | 1565 | 0068 | 0960 | 0.069 | 0957 | 0960 | 0.068
P-35-RAJ L 67 | M| HIO| 1108 | 1260 | 0029 | 0908 { 0029 | 0910 | 0910 | 0.029
P-35-RAJ | 67 ¢ M | UL | 2000 | 1222 | 0.044 | 0950 | 0.043 | 0953 | 0953 | 0.043
P-35-RAV 167 | M b U2 [ 1388 | 1082 | 0022 1 0978 | 0021 | 0979 | 0979 | 002
P-35-RAJ 167 | M L U3 | 1006 [ 878 | 0037 | 0925 | 0035 | 0921 | 0925 | 0037

P-35-RAT | 67 993 14.13 0046 0.843 0.040 0.907 0.907 0.040

Z
=

P-35-RAL | 67 M T2 21.01 17.93 0.044 0972 0.045 | 0.968 0972 0.044

P-35-RAS | 67 M T4 5.60 522 0.045 0914 0.045 0914 0914 0.043

P-35-RAS | 67 | M| LI 764 | 1540 | 0037 | 0985 | 0035 | 09% | 0986 | 0.033
P35RAL [ 67 | M | L2 815 | 1591 | 0027 | 099 | 0025 | 099 | 0996 | 0.025
P-36-NUR | 21 | F H1 1477 { 1693 | 0065 | 0948 50063 | 0952 | 0932 | 0063
P36-NUR | 21 | F Uz | 3197 | 891 | 0042 | 0988 | 0036 | 0991 | 0991 | 0036
P-36-NUR | 21 | F T3 | 2675 | 1553 § 0.053 | 0941 | 0052 | 0944 | 0944 | 0052
P36-NUR {21 | F L2 1427 | 1375 | 0.036 | 099 ] 0038 | 0989 | 0990 | 0036
P-36-NUR | .21 | F L3 | 1630 | 2138 | 0040 | 0991 | 0.043 | 0990 | 0991 | 0.040
P36-NUR | 21 [ F L4 | 3146 | 2647 | 0057 | 0990 | 0063 | 0987 | 0.990 | 0057
E P-37-VAD- | 37+{ F [ Hi2 | 459 | 407 | 0032 | 0951 | 0.031 | 0955 | 0955 | 0031
P37-VAD | 37 | F Ul 255 | 306 | 0016 | 0959 | 0016 | 0959 | 0959 [ 0.0I6
P-37-vaD | 37 | F U2 255 | 3.18 | 0016 | 0953 | 0.016 | 0934 | 0954 | 0016
P37VAD | 37 | F Tl 1108 | 1133 | 0022 | 0973 | 0621 | 0975 { 0975 | 0021
P37.VAD | 37 | F 1 s10 | 61t | 0019 { 0973 | 0019 | 0973 | 0973 | 0019
P-37-VAD | 37 | F T3 433 °| 611 | 0.048 | 093 | 0047 ] 09390 | 0930 | 0047
P-38-ROM | 43 | F HI 331 407 | 0028 | 0504 | 0034 | 0602 | 0904 | 0028
P38-ROM | 43 | ¢ Ul tode | 1222 [ 0022 | 0952 | aoie | 0947 | 0952 | oo
P-38-ROM | 43 | F u2 420 | 585 | 0017 | 0957 | 0017 | 0957 | 0957 | 0017
E’_;S'ROM___?;#; L3 344 4.71 G016 0943 0017 0943 ()943J 0017

161




No | Platient | Age {Gender |Region :\;‘:g:? Ts:f_gl (f;:]) RZ (iaa%) R Rftna (S[';;T:;
27 (P-3%-ROM {43 | F [ T2 853 | 776 | 0016 | 0938 | 0016 | 0936 | 0938 | 0.0l6
28 [p3s-RoM | 43 | ¥ T3 802 | 662 | 0022 | 0977 | 0022 | 0977 | 0977 | 0022
20 p3sROM [ 33 | F L1 509 | 789 | 0018 | 0936 | 0018 | 0938 | 0938 | 0018
20 p-3%-ROM | 43 | F L2 9.04 | 700 | 0018 | 0963 | 0017 | 0964 | 0961 | 0017
20 [P-38-ROM | 43 | F L3 306 | 369 | 0016 | 0957 | 0016 | 0959 | 0959 | 0016
a2 lpsemon | | oy | wt 703 | 980 | 0048 | 0949 | 0048 | 0949 | 0949 | 008
2IP39NMOH L 44 | oM | U2 255 | 446 | 0023 | 0911 [ 0023 | 0913 | 0914 | 0023 |
24 [P3e-MOH | 34 | M| U3 535 | 1018 | 0022 | 0985 | 002 | 0988 | 0988 | 0.020
25 fpaonon 4 | M | T 11.08 | 776 | 0030 | 0964 | 0028 | 0970 | 0970 | 0028
26P-3oMON ] 44 p M | T2 ] 1083 | 1400 ] 0023 | 0933 | 0022 | 0937 | 6937 | o
mripdemont [ 44 | M | T3 | 1885 | 675 | 0033 | 0981 | 0032 | 0982 | 098 | 0.032
228 }p_._:sa-mon a4 M | 841 | 1069 | 0034 | 0940 | 00527 | 0936 | 0946 | 0052
20 fp3e-Mon | 43 ] M| 13 879 | 751 | 0069 | 0925 | 0068 [ 0927 | 0927 | 0.068
o fpaonon [ 46 | M| HIY s60 | 967 | o018 | 0970 | 0017 | 0971 | 0971 | 0017
230 [P40-MOH | 46 | M| Ul 942 | 1044 | oot | 0910 | 003t | 096 | 0946 | 0041
szfraosionfae | M| ous 726 | 947 | 0030 | 0949 { 0030 { 0949 | 0940 | 0030
2IPA0MOH | 46 | M| L1 1490 | 1565 | 0053 | 0968 | 0058 | 0961 | 0968 | 0.033
B4 pa0-MOH | 46 | M| L2 777 § 891 | 0034 | 0952 | 0034 | 0954 [ 0954 | 0034
235 | PatSiA | 59 | Mo ] 1197 | 1591 1 0059 | 0919 | 0059 | 0921 | 0921 | 0039
36 IP-41SHA § 59 | M| UI 459 | 916 | 0024 § 0952 | 0023 | 0955 | 0955 | 0023
NTPAl-sHA | 58 | ML w2 369 | 407 | 0016 | 0915 | 0016 | 0927 | 0927 | 00le
Bsparsua fso L v | U3 446 | 458 | 0015 | 0926 | 00IS | 0926 | 002 | 0015 |
29 EPASHA [ 59 ] M| T 433 | 433 | o023 | 0930 | 0024 | 0938 | 0930 | 0023
20 ptsSA [0 [ M| T2 471 | 649 | 008 | 0968 | 0018 | 0969 | 0969 | 0018
M {pAlSHA [S9 | M | T3 357 | 6edt | 0022 | 0929 | 0021 | 0936 | 0936 | 0021
sofparsia [ so | M| L2 1439 | 2800 | 0069 | 0957 | 0.066 | 0964 | 0963 | 0.066
Medisua |9 [ M| w3 560 | 611 | 0027 | 0909 | 0021 | 0907 | 0909 | 0.027
24| pa2SEL |34 | M| HI 420 | 369 | oo | 0952 | 0018 | 0963 | 0963 | 0018
msleazsen {30 [ Mmoo 637 | 547 | 0021 | 0987 | 0021 | 0985 | 0987 | 0.021
uelpazsel (34 [ M | w2 331 | 458 | 0023 | 0946 | 0022 | 0946 | 0946 | 0022
M7 P42SEL (34 { M | TI 700 | 496 | 0032 | 0964 | 0032 [ 0964 | 0964 | 0.032
usfpeg2sin {34 | Mo ] T3 344 | 331 | 0032 | 0944 | 0033 | 0943 | 0944 | 0032
249 P-42SEL [ 34 F M| LI 255 | 318 | 0016 | 0962 | 0016 | 0962 | 0962 | 0.016 -
250 P2SEL {34 ] M1 12 548- | 446 | 0031 | 0906 | 0031 | 0906 | 0906 | oon
U{Pa2SEL |34 | M| 13 853 | 935 | o040 | o904 | 0037 | 0918 | oois | 0037
BSIPAMUK [ 56 [ M| HI 904 | 953 | 0035 | 0975 | 0037 | 0973 | 0975 | 0035
233 (P43-MUK | 56 | M | i 917 | 802 | 0032 | 0980 | 0033 | 0979 | 0980 | 0032
254 1P-43-MUK { 56 | M| 12 522 [ 636 | 0021 | 0987 | 0021 | 0987 | 0987 | 0.021
255 |P-43-MUK | 36 | M| U3 471 751 | 0072 | 0906 | 0072 | 0908 | o008 | 0072
250 [P43-MUK § 56 | M | T2 662 | 496 | 04i% | G975 { 60I9 | 0.57 | 0976 | G.GI9
37{P-43MUK | 56 | M | T3 560 | 484 | 0034 | 0959 | 0034 | 0959 | 0959 | 0.031
258 [P-43-MUK [ 56 | M | LI 6.11 700 | 0020 | 0958 | 0021 { 0947 | 0958 | 0.020
259 1p-a3-MUK § 56 ] M| 12 382 | 509 | 0028 | 0938 | 0027 | 0925 | 0938 | 0028
260 [P43-MUK [ 56 | M | L3 458 | 573 | 0014 | 0984 | 0014 | 0984 | 0984 | 0014
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No | Patient _.\gIGcndcr ]chion ?}]:i:}; Ij;iflll)l (;%1':1) R: (g{‘ni} R3 R: nat f]’;;::‘:;
260 [P44RAM | 38 | M| HI | 1404 | 1095 | 0037 | 0976 | 0.041 | 0972 | 0976 | 0.037
262 [Pad-RAM | 38 | M| Ul 840 | 853 | 0043 | 0906 | 0.043 | 0906 | 0.906 | 0.043
263 |P-J3RAM | 38 | M | U2 | 599 | 802 | 0042 | 0962 | 0042 | 0961 | 6962 | 0042
201 [P44-RAM | 38 | M | T2 | 1044 | 9534 | 0016 | 0984 | 0015 | 0985 | 0985 | 0015
265 (P-44-RAM | 38 | M | T3 | 611 | 1005 | 0028 | 0963 | 0.02% | 0968 | 0968 | 0026
266 [P44-RAM | 38 | M | LI 777 | 878 | 0026 | 0983 | 0028 | D98I | 0983 | 0.02
267 [P44RAM | 38 | M | 12 764 | 649 | 0020 | 0952 | 0020 | 0950 | 0952 | 0020
268 [P-44RAM | 38 | M | L3 | 1350 | 11.07 | 0036 | 0950 | 0.036 | 0950 | 0950 | 0.036
20 fpascHa L7 | s [ U3 | 408 | e1r | Goas | ogso | 0035 | 0931 | 0931 | o033
270 [PASCHA | 67 | M| T1 ] 1707 | 1807 | 0043 | 0950 | 0.040 | 0957 | 0957 | 0040 |
274 (P4S-CHA | 67 | M | T2 -{ 743 | 815 | 0038 | 0942 | 0039 | 0942 | 0944 | 0038
272 [P45CHA | 67 | M| T3, | 2522 | 2049 | 0036 | 0988 | 0.045 | 0969 | 0988 | 0.036
273 [P4SCHA | 67 | M| Lt | 1900 | 1375 | 0048 | 0954 | 0048 | 0954 | 0951 | 0.048
A7 PASCHA [ 67 | M | L2 | 1821 4 1273 | 0036 | 0981 | 0.035. | 0982 | 0982 | 0035
275 [PasClia [ 67 | M| L3 | 1898 | 1438 | 0035 | 0971 | 003 | 0972 | 0972 | 0034
276 | P46-SUB | 6l | M| TI 548 | 433 | 0027 | 0920 | 0.027 | 0918 | 020 | 0027
277 [Pa6SUB [ 61 | M | T2 | 242 | 178 | 002 | 0971 | 0or2 | 0971 | 0971 | o012
278 P46-SUB | 61 | M | T3 | 280 | 420 | 0021 | 0961 | 0020 | 0861 @ 096l | 0.020
279 Pa6SUB | 6 | M | 11 | 2802 | 920 | 0023 | 0983 | 0021 | 0985 | 0985 | 0021 |
280 [P-46SUB | 61 | M | 12 | 968 | 1044 | 0019 | 0967 | 0019 | 0968 | 0968 | 0.019
281 | P46-SUB | 6l | M | 13 726 | 904 | 0017 | 0931 | 0.017 | 0932 | 0932 | 0.017
282 (P7MUH | 34 1 M| UE | (732 | 1006 | 0039 | 0950 | 0039 | 0931 | 0950 | 0.039
283 [Pa7MUN | 33 | M| 12 | 624 | 726 | 0017 | 0979 | 0017 | 0979 | 0979 | 0.017 |
elparMuH [ 34 | M [ U3 | 637 | 713 | 00t6 | 0987 | 0016 | 0988 | 0988 | o.0l6
285 [PA7T-MUN | 34 | M| T 853 | 8.5 | 0033 | 0976 | 0032 | 0978 | 0978 | 0032
26 (P27 MUl [ 33 | M [ 12 | 560 | 700 | oot9 | 09se ! 0017 | 0041 | 0936 | oo
27 [P47-MUB | 34 | M| L1 ] 1528 | 1642 | 0057 | 0991 | 005 | 0991 | 0991 | 0.056
288 [P47-MUH | 34 | M| L2 | 1286 | 1756 | 0038 | 0952 | 0039 | 0950 | 0952 | 0038
289 [Pag-WON | 49 | M| Ul 866 . 1018 | 0028 | 0968 | 0.028 | 0969 | 0963 | 0028
200 [p4g-won | 49 [ M | w2 | 688 | 802 | 0038 | 0967 | 0.038 | 0967 | 0967 | 0.038
291 [p43-wWON | 249 | M | T1 | 1006 | 1260 | 0041 | 0968 | 004l | 0967 | 0968 | 0.041
202 [P4S-WON | 49 | M| T2 | 828 | 1425 | 0037 | 0964 | 0.040 | 0.959 | 096+ | 0037
203 [P48-WON | 49 | M | L1 | 2407 | 1502 | 0040 | 0991 | 0034 | 0993 | 0993 | 0.034
204 [P4gWON |49 | M | 12 | 586 | 624 | 0024 | 0957 | 0024 | 0954 | 0957 | 0.024
9slpagwon] 19 | M L3 {280 ] 331 | 0017 | 0961 | 0017 | 0961 | 0961 | 0017
29 [P-49-MUN | 47 | M | H1 | 1630 | 1235 | 0.052 | 0987 | 0048 | 0990 | 0.99 | 0048
297 [PaoMUN [ 47 | M| UT | 650 | 751 | 0038 | 0952 | 0036 | 0952 | 0952 | 0036
298 [P4OMUN | 47 | M | U2 | 560 | 662 | 0020 | 0976 | 0019 | 0978 | 0978 | 0019 |
299 [pao-MUN | 47 | M [ Tt | 1044 | 865 | o046 | 0973 | 0045 | 0973 | 0973 | 0045
300 |[P4oMUN | 47 [ M | T3 701 | 624 | 0042 | 0929 | 0040 | 0934 | 093¢ | 0040
300 [P49MUN | 47 | M| 11 675 | 1260 | 0031 | 0904 | 0030 | 0914 | 0914 | 0030
sz fpaonun [ 47 T n | 13n | 942 | 1044 | 0039 | 0020 | 0040 | 0919 | 0920 | 6.039
303 [P-50-LIM | 57 | M | HI | 1006 | 942 | 0039 | 0993 | 0037 | 0994 | 0994 | 0037
304 P-SO-LIM | 57 [ M| U3 | 484 [ 726 | 0029 | 0952 | 0028 | 0952 | 0952 | ows

J



anmt

No | Patient Age |Gender [Region :‘1'11':11;1 ljgrgnr;[ (riﬂrﬁ) R} (i";” R: Rinai (mnt}
305 [ PoS0-LIM | 37 | M T1 9.81 675 | 0030 | 0947 | 0029 | 0949 | 0949 | 0.029
300 | P-s0-LIM | 37 | M T2 | 1146 | 560 | 0027 | 091 | 0026 | 0914 | 0914 | 0026
7 P-S0-LIM | 37 )M T3 624 | 1209 | 0.067 | 0924 | 0074 | 0921 | 0924 | 0067
308 | P-30-1IM | 57 | M T4 | 3643 | 2558 | 0076 | 0974 | 0080 | 0992 | 0992 | 0080
309§ P-30-LIM | 5T | M LI 7.6 776 | 0020 | 0972 | o020 | 0972 | 0972 | 0.020
I P-S0-LIM | ST ] M L3 599 776 1 0032 | 0960 | 0032 | 0961 | 0961 | 0032
31| PSITEN [ 32 1 M Ul 1477 | 1731 | 0027 | 0980 | 0027 | 0990 | 099 | 0.027
st | P-S1TEN | 32 | M U3 6.11 585 | 0033 | 0939 | 0033 | 0938 | 09390 | 0.033
W[ PSTEN | 32 | M TI 7.51 738 1§ 0035 | 0901 | 0030 | 0918 | 0918 | 0030
vapsiTEN a2 boM T2 751 1095 | 0029 { 0918 | 0026 | 0933 1 0933 | 0026
SS{PSTEN |32 | M T3 955 | 1196 | 0027 | 095 | o028 | 0953 | 095 | 0027
o P-31-TEN | 32 M L1 11.08 431 0.034 | 0992 | 0034 | 0992 | 0992 | 0034
T psiEN [ 32 | M L2 | 2000 | 1413 | 0054 | 0955 | 0052 | 0957 { 0957 | 0032
MR P-SETEN 32 1 M L3 1745 | 2138 | 0033 | 0993 ¢ 0036 | 0992 | 0993 | 0033
sie | ps2vyy [ 35 ] M i 5.86 789 | 0026 | 0914 | 002 | 0917 | 0917 | 0.026
3PS | 35 (M Ul { 2547 | 2000 | 0072 | 0981 | 007 | 098 | 0982 | 0071
3w P2V L35 | M U2 | 1439 | 1998 | 0038 | 0982 | 00390 | 0981 | 0982 | 0038
sa2lesavy Las §om Us | 1681 | 2367 | 0055 | 0985 | 0053 | 0985 | 0985 | 0.053
23] ps2viy {35 | M Tl 1898 | 2380 | 0052 | 0925 | 0038 | 0940 | 0940 | 0.048
32| P2V [ 35 | M| T2 1299 | 1044 | 0039 | 0921 | 0042 | 0941 | 0941 | oo
3L PS2NY [ 35 | M T3 10.06 | 1018 | 0039 | 098 | 0039 | 0984°| 0984 | 0039
pefes2vy P35 | oM | TS 1834 | 2533 | 0082 | 0970 t-0081 | oo | 0971 | 0081
527 pesavi |33 | M L1 1860 | 929 | 0026 | 0979 | 0025 | 0981 { 0981 | 0025
sag | psaviy |35 | M £2 | 2750 | 2380 | 0073 | 0977 | 0081 | 0969 | 0977 | 0073
39| ps2vi |35 [ M 13 1363 | 1146 | 0030 | 0988 | 0029 | 0988 | 0983 § 0029
30 [ps3kAM [ 63 [ M Ut 484 636 | 0017 | 0968 | 0018 | 0967 | 0.968 | 0017
331 {P-33-KANM | 63 | M U2 446 624 | 0029 | 0961 | 0031 | 0948 | 0961 | 0029
332 [PS3-KAM | 63 | M TI s86 | 1222 | 0031 | 0953 | 0030 | 0946 | 0953 | 0.03
333{P-F3-KAM [ 63 | M T2 6.24 738 { 0017 | 0946 | 0017 { 0.947 | 0.947 | 0017
3 [P-S3-RAM [ 63 | M| T3 | 2063 1 1985 | 0067 | 0953 | 0066 | 0954 | 0954 | 0066
335 [PS3KAM | 63 | M| T4 344 344 | 0038 | 0919 | 0038 | 0919 | 0919 | 0038
336 [P33-KAM | 63 | M LI 6.49 573 ) 0023 | 0933 | 002 | 0936 | 0936 | 0022
3TIPSIKAM | 63 ] M L3 9.68 776 | 0025 | 0945 | 0028 | 0930 | 0945 | 0.025
3 Pss-LE [ 52 | M| Wl 5.73 586 | 0045 | 0938 | 0045 | 0939 j- 093¢ | 0.045
3| P-SLIE |32 | M| w2 548 | 496 | 0031 | 0976 | 0031 | 0976 | 0976 | 0.031
o psdn: 2 [oa b ous 5.60 586 | 0030 | 0906 | 0029 | 0907 | 0907 | 0029
MUlpssie (52 | M| T 1528 | 1184 | 0042 | 0962 | 0041 | 0964 | 0964 | 0.041
M2 PsaLiE |52 | M T3 1235 | 827 | 0025 | 0947 | 0024 | 0949 | 0949 | 0024
3P PS4LIE [ 52 | M L 446 573 | 0027 | 0962 | 0028 | 0961 | 0962 [ 0.027
S PSIE | 52 | M L3 497 827 | 0039 | 0925 | 0037 [ 931 | 093i | 0.037
M |PSSNED L 42 | oM | I 328 585 | 0018 | 0991 | 0016 ! 0993 | 0993 | 0016
396 [P-55-NED | 42 | M Ul 1159 | 1082 | 0043 | 0975 { 0.041 | 0978 | 0978 | 0041
347 (P3SNED | 42 | M Ul 1 1617 | 1451 | 0086 | 0981 | 008 | 0981 | 0981 | 0.08
MR{P-SSNED | 42 | M | TI 1312 | 1451 | 0054 | 0982 | 0035 | 0981 | 0982 | 0.054
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Ne | Patiemt Age fGender [Region :;iit? T;:E:;I (;E?I?ZU R [ lsff;) R RFiu :ﬂ:’['}‘:ﬂ
349 | PAANED | 42 M 12 11.34 1§.84 (.035 0923 0034 0928 0928 1034
350 | P-33-NED | 42 M T3 393 6.87 0019 0,968 0017 | 9976 0.976 0.017
351 | P-3A-NED |42 M 1.1 32.60 10.18 0.637 0.962 G036 (G967 0.967 0.050
332 | P-35-NED | 42 M il 7.64 6.62 0.027 0.965 0.027 0.963 0.965 0.027
352 |P-33-NED | 32 M 1.3 093 14.38 0.027 0.954 ¢.031 0045 0.954 0.027
354 | P-35-NED | 42 MM L4 3222 2711 0.084 0971 0.103 0.6 0.971 0084
355 { P-36-ROS | 33 M Ul 13.63 L1.45 0.044 0.983 0.042 0.985 0.985 ¢.042
35 | P-36-ROS | 33 M L2 8.79 11.07 0.052 0919 0.052 0.914 0.919 0.052
357 P-36-ROS [ 33 M L3 9.04 929 0.04] 0905 0042 {1 090 N.8903 0.041
358 | P-536-ROS 33 N Ti2 1299 17.82 0074 0.929 0.066 947 0947 0.060
339 | P-56-ROS | 33 M T2 3.99 496 0.()33 0.928 0.021 0.941 0.941 0.021
360 | P-36-ROS | 33 M L1 §.92 7.38 0.020 0.938 0.022 0929 0.938 0.020
36t | P-36-ROS | 53 M i.2 13.76 18.96 0.095 0946 0.093 0.949 0914 0093
32 1 P-56-ROS | 33 M .[,3 13.63 1209 0.034 0.931 0.034 0.932 0.932 0.034
36X | P-536-ROS | 33 M ‘1.4 30.18 2213 0.098 0.951 0.106 0932 0932 Q. |UL
364 | P-36-ROS | 33 M [.5 27 89 2533 0.071 0944 0.072 0.949 0.94% 0.072
365 | P-36-ROS | 33 M 1.6 12.48 10.94 0.090 0914 G.089 0.908 0.914 0.090
366 |P-57-RAM | 36 F H 3.99 7.89 0.026 0.980 0.625 0982 (0.982 (].025—
367 (P-37-RAM | 56 F Ut 458 586 0.023 0.967 0.023 0966 0.967 0.023
368 |P-37-RAM | 56 I L2 0,68 13.24 0.042 0981 0.042 0981 0.981 0042
369 |P-57-RAM | 36 F 3 395 5.35 0.024 0.956 0.022 (.961 961 0.022
3 {P-37-RAM | 36 F 11 13.37 20049 0.04i 0.908 0.039 091 0911 0 (BQH
371 |P-3T7-RAM | 56 3 T2 10.06 1044 0.041 3914 0.041 0.914 0914 0.04¢1
I YP-3T-RAM | 36 F T3 - 777 8.78 0.022 0.932 0.022 0.934 0.934 0.022
375 |P-37-RAM | 56 F 1.1 751 9.67 0.037 0.941 0.036 0.944 0.914 0.036
3 iP-37-RAM | 56 F 1.2 6.50 942 0.029 0.970 0.027 0974 0974 0.027
375 |P-58-MOH | 31 M Hi 7.00 5.73 0.022 0.969 0.022 06.970 0970 0.022
376 (P-38-MOH | 31 M ul 3.06 3.06 0.034 0917 0.034 0917 0917 0.034
377 [P-38-MOH | 37 M 2 242 3.31 0.023 0.968 0.023 0.967 0968 0.023
378 |P-58-MOH | 31 M u3 7.51 955 0.044 0919 0.044 0.920 0920 0.044
379 |P-58-MOH | 31 M T2 229 293 0.014 0917 0.015 0915 0.917 0014
380 1P-58-MOLE | 31 M L3 11.84 12.47 0.030 0987 0.030 (.938 0.988 0.030
381 |P-59-TAM | 47 M 2 12,86 2253 0.028 0978 0.026 0.96% 0978 0.028
382 [P-59-TAM | 47 M Ti 1758 18.84 0026 6.995 0.031 0.§93 0.993 0.02¢6
383 1P-59-TAM | 47 |- M-l L1t [299 21.13 0028 | 0957 0.028 0.9‘58 0958 0.028
384 | P-60-JAM | 39 M Hi 1299 15.27 0.040 0.988 0.039 0.989 0.989 0,0"3-‘;—
385 | P-60-JAM | 59 M Li2 3643 2823 0.053 0.989 0.058 0.987 0989 0053
38 | P-61-DUR | 28 M Hi 5.69 6.49 0.051 0.939 0051 0938 0939 0.051 )
387 |P-61-DUR | 28 M ul 458 5.09 0015 0.964 0.085 0.965 0.965 0015
388 | P-61-DUR | 28 M U3 2380 344 0015 0938 0.015 0.938 0.938 0.015
389 {P-61-DUR | 28 M ! 2.80 4.20 0015 0933 .015 0932 0.933 0.015
390 | P-61-DUR | 28 M T2 4.07 420 0019 0921 0.019 0918 |1 0921 0019
73‘9| P-61-DUR | 28 M T3 599 6.87 0.015 0970 0014 0971 0971 0.014
392 P'b,l -D},JR 28 1 [;l_i 398 764 0020 0957 0019 06.958 0.958 0.0 ig_,#




No | Patient [ Age |Gender [Region ‘('!1\1"11‘;:])1 ?:;:5:1)[ (iﬂﬁi) RZ (‘::ni) R3 Rfinai (S;‘::;:;
MPIDUR | 28 | M L2 560 522 | 0022 1 0945 | 0.023 § 0945 | 0945 | 0023
304 PBI-DUR | 28 | M L3 3.44 420 | 0038 | 0930 | 0.038 | 0930 | 0930 | 003§
205 [P62-VEE | 500 ] M i1 1108 | 1642 | 03101 | 0926 | 0.084 | 0946 | 0946 i 0.084
396 | P-62-VEL | 50 ¢ M Ul 395 33 0026 | 0945 | 0026 | 0946 [ 0946 | 0.026
397 | P-62-VEE | 50 1 M U2 1388 | 1426 | 0052 | 0909 | 0052 | 0911 | 0911 | 0032
398 | P-62-VEE | 50 § M U3 2216 | 1120 | 0053 | 0968 | 0.053 ] 0968 | 0968 | 0033
399 P62.VEE | 501 M T2 892 1069 | 0036 | 0961 | 0.037 | 0946 | 0961 | 0036
1001 P-02-VEE | 50 | M T3 1134 | 1107 | 0040 | 0934 | 0035 | 0962 | 0962 ;1 0.035
01 EP62-VEE | 50 | M T4 3709 | 2902 | 0052 | 0978 | 0052 | 0976 | 0978 | 0052
W2EPR2VEE | S0 | M TS 3693 | 2876 | 0089 | 0931 | 0093 | 0926 | 0931 | 0089
03 P62 NEF [ 50 | M L1 1567 { 1480 | 0.038 | 0982 | 0.037 | 0983 § 0983 |- 0037
1 re2-veEn L s0 | M L2 1809 | 1642 | 0028 | 0981 | 0030 | 0980 | 098 0028 |
5| P-62-VEEL S0 | M [3 1656 | 1443 | 0047 | 0933 | 0045 | 0939 | 0939 | 0.045
106 [P-63MUN | 32 | M HI 790 1438 | 0048 | 0929 | 0046 [ 09334 [ 0934 ] 0046
o7 lpezmunt 32 1 M U3 5.48 598 | 0038 | 0924 | 0036 | 0930 | 0930 | 0036
AR |ezafUN | 32 | M T2 1032 | 955 | oe3s | 0936 | 0035 | 0937 | 0937 | 0033
A |P63-MUN | 32 | M T3 13.63 | 1489 | 0066 | 0947 | 0064 | 0947 | 0947 | 0.0064
M -63-MUN | 32 | M L1 7.00 780 | 0030 | 0975 | 0030 | 0975 | 0975 | 0.030
H|P63-MUN | 32 | M L2 7.00 865 | 002 | 0969 | 0026 | 0969 | 0969 | 0.026
412 | P-64-PAL | 35 | M Hi 7.39 980 | 0044 | 0925 | 0.044 | 0926 | 0926 | 0044
5| P-6d-PAL | S5 | M Ul 1235 | 1476 | 0030 | 098 | 0.028 | 0988 | 0988 | 0.028
I P64-PAL | 55| M u2 6.37 827 | o025 | 0951 | 0024 | 0953 | 0953 | 0.024
25| P6dPAL | 55 | M U3 1184 | 1336 | 0038 | 0968 | 0036 | 0952 | 0908 | 0038
416 | P-63-PAL | 35 | M Tl 1108 | 1349 | 0048 | 0934 | 0048 [ 0933 | 0934 | 0.048
NT|P-63-PAL | 35 | M T2 10.83 955 | 0042 | 0972 | 0oH | 0973 | 0973 | 0.041
8| P-64-PAL | 55 | M | 98I 1031 | 0040 | 0959 | 0038 | 0963 | 0963 | 0038
9] Pod-pAL | 35 | M LI 1490 | 1782 | 0046 | 0975 | 0043 | 0978 | 0978 | 0.043
420 | P-64-PAL | 55 | M L2 2343 | 1502 | 0046 | 0992 | 0041 | 0993 | 0993 ] 0.041
121 | P-64-PAL | 35 | M L3 1210 | 1082 {.0052 | 0946 | 0.052 | 0947 | 0947 | 0052
422 |P-65-ONG | 36 | M HI £0.57 776 § 0033 | 0973 | 0.028 | 0980 | 0980 | 0.028
325 |P-63-ONG | 56 | M U3 34 471 0037 | 0929 | 0037 | 0929 | 0929 | 0037
124 |P63-ONG | 56 | M 11 34.01 1031 ] 0052 | 0987 | 0054 | 0983 | 0987 | 0.052
425 |P-05-ONG | 56 | M T2 1465 | 1301 | 0024 | 0959 | 0029 | 0944 | 0959 | 0.024
26 [P-65-ONG | 56 | M 13 11.84 | 891 0018 | 0952 | 0018 | 0953 | 0953 | 00I8
427 [P-65-ONG | 56 | M T4 9.42 802 | 0029 | 0931 | 0029 | 093t | 0931 | 0.029
428 [P-65-ONG | 36 | M LI 650 | -764 0035 { 0944 | 0033 | 09350 | 0950 ] 0033
429 |P-65-ONG | 56 | M 12 8.33 713 | 0053 | 0941 | 0053 | 0942 | 0942 | 0053 |
430 |[P-65-ONG | 56 [ M L3 8.41 1095 | 0058 | 0906 | 0056 | 0907 | 0907 | 0056 |
1531 |P06-AZR [ 49 | M H1 4.71 649 | 0035 | 0965 | 0.034 | 0966 | 0966 | 0.034
132 | P-66-AZR [ 49 | M Ul 3.57 446 | 0029 | 0759 1 0027 | 0907 | 0907 | 0027
433 (P66-AZR [ 49 | M uz 3.82 458 | 0027 | 0955 | 0026 | 0959 { 0959 | 0026
434 [ P66-AZR | 49 | M U3 2.93 318 | 0027 | 0939 | 0025 | 0950 | 0950 | 0025
135 | P-66-AZR | 49 | M T 1872 | 1375 | 0050 | 0952 | 0.049 | 0953 | 0953 | 0049
436 | P-66-AZR | 49 | M T2 £41 1413 | 0045 | 0929 | 0045 | 0933 | 0933 | 0045
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Ne | Patient | Age |Gender [Region :‘;1:?1:1)1 I,\'S:E‘l:{' (ilanzl) R: (?;;131) R Riinat [Sr’;i;’]‘]‘{
$537|P66-azR [ 49 | M | 13 L 1732 | 9u6 | 00s7 | 0937 | 0059 | 0934 | 0937 | o057
4381 P-66-AZR | 49 | M| LI | 2431 | 1606 | 0047 | 0971 | 0048 | 0969 | 0971 | 0.447
439 |P-66-AZR | 49 | M| L2 995 | 2051 | 0049 | 0945 | 0039 | 0930 | 0945 | 001y
140 | P-66-AZR | 49 | M | 13 993 | 1171 | 0038 | 0984 | 0039 | 0984 | 0984 | 0039
15[ P-67-CHE | 60 | M | Ul 611 | 738 | 6021 | 0965 | 0.020 | 0964 | 0969 | 0.0
WP-T-CHE | 60 L M ] U2 | 599 | 904 | 0024 | 0937 | 0022 | 0946 | 0946 | 0022
443 P-67-CHE |60 | M | Uz | 98t | ss85 | 0028 | 0951 | 0028 | 0951 | 0951 | 0.028
434 {P-67-CHE | 60 | M | TI 1503 | 1209 | 0036 | 0955 | 0035 | 0955 | 0955 | 0035
35 [ P67-CHE {60 | M [ L1 | 2027 | 942 | 0033 | 0991 | 0035 | 0904 | 0991 | 0035
a6 |pecnr |60 | M T2 | 1910 | 1578 | 0035 | 0965 | 0036 | 0965 | 09s | 003
H7lpercie |60 | M| 13 | 1745 | 1235 | 0035 | 0981 | 0036 | 0983 | 0983 | 0.033
348 [P-68-CIIO | 61 | M | Ul 624 | 598 | 0032 | 0978 | 0033 | 0975 | 0978 | 0032
449 (P68CHO [ 61 | M | U | s60 | 3585 | 0058 | 0911 | 6058 | 0910 | 0911 | 0038
50| Pes-Clo [ or [ M ] w3 | 1732 | 130 | o036 | 0961 | 0038 | 0958 | 0961 | 0036
451 P68-ClHO [ 61 | M | T 586 | 446 [-0030 | 0945 | 0030 | 0045 | vz | o030
ss2|pos-CcHO [ 61 | M | T2 802 | 446 | 0020 | 0939 | 0020 | 0936 | 0939 | 0.020
153 P-68-CHO | 61 | M | T3 407 | 407 | 0027 | 0955 | 0027 | 0955 | 0955 | 0.027
454 |P6s-Cco |60 | M | LI 586 | 598 | 0027 | 0945 | 0027 | 0949 | 0949 | 0.027
455 P-68-CHO | 61 | M | 13 | 3490 | 1285 | 0035 | 0979 | 0034 | 0981 | 0981 | 0.034
156 [P6o-MAL | 32 1 M| HI 280 | 407 | 6037 | 0916 | 0038 | 09015 | 0916 | 0.037
(457 {Peomar |32 | M| Ul 942 | 509 | 0039 | 0978 | 0040 | 0978 | 0978 | 0o
438 (P-09-MAL [ 32 | M | U2 | K15 | 585 | 0023 | 0936 | 0.023 | 0940 | 0940 | 0.023
459 P60-MAL | 32 | M | us | 470 ] 308 | 0022 | 0943 | 0022 | 0944 | oowt { o022
160 [P-69-MAL | 32 | M | T12 | 357 | 369 | 0026 0931 | 0027 | 0930 } 0931 | 0.026
to1 (P69MAL |32 £ M { T2 | 331 | 293 | 0017 | o900 | 0017 | osos | ooy | o7
sa2 [PeoMaL | 32 [ M | 73 | 357 | 331 | o026 | 0941 | o026 | 0942 1 0012 | 0026
163 (P-e9-MAL | 32 T M | 12 1567 | 2736 | 0050 | 0975 | 0046 | 0979 | 0979 | 0046
464 1P6O-MAL [ 32 | ™M | 13 | 2777 [ 1362 | 0030 | 0976 | 0039 | 097 | 0976 | 0.030
465 (P70GaN | st | M | wr | 2738 2673 | o081 | 0973 | co0so | 0973 | 0073 | o080
66 (P70-GAN | 5t | M| ur | 2598 | tos2 | 0065 | 0963 | 0060 | 0968 | 0968 | 0.060
367 |P-70-GAN | st f M § vz | 3555 | 955 | 0070 | 0966 | 0064 | 0967 | 0967 | 0.064
8 1P-TO-GAN | SI | M | TI | 1019 | 1196 | 0059 | 0909 | 0058 | 0910 | 0916 | 0058
469 |P-70-GaN | 51 T M | T4 | 3694 | 2813 | 0094 | 098a | o116 | 0972 { oosa | 0094
4704P-70-GAN | 51 | M | T7 | 3795 | 2813 | 0125 | 0942 | 013t | 0940- [ 0942 | 0125
471 [P70-GAN | 51 | M | L 19.10-| 26.35-] 0074 | 0955 | 0071 | 0956 | 0956 | 007
172|P-70GAN | 51 | M | 12 | 1949 | 1680 | 0090 | 0972 | 0082 | 0977 | 0977 | 0.082
373 [P70GAN | 51 | M | 13 | 3197 | 967 | 0051 | 0985 | 0049 | 0987 | 0987 | 0.049
474 [P7I-BUR [ 34 | M | HL | 1541 | 1527 | 0088 | 0928 | 0078 | 0944 | 0948 | 0.078
s riB0R 138 | M | U1 | 1681 | 1858 | 0044 | 0988 | 0044 | 0988 | 0988 | 0.044
476 [P7i-BUR [ 34 | M [ us | 1681 | 1171 | 0029 | 0981 | 0028 | 0983 | 0983 | 0028
a7 |p7-BUR [ 34 | M | T 1605 | 1349 | 0043 | 0964 | 0045 | 0963 | 096¢ | 0.043
78 [P70-BUR | 34 | M| 13 | 1200 | 1565 | 0050 | 0956 | 0050 | 0956 | 6956 | 0650
PR [ 34 T M |t D 1707 | 2049 | 004s | 0932 | 0043 | 0936 | 0936 | 0.043
}go._?ﬂ_—_[_%'iii{i.lf__l‘\i_m Ts | re70 | 1iss | 003 [ 0920 | 0035 | 0931 | 0931 | 0.035




No { Patiemt | Age {Gender jRegion t?]:f:]; T::_:E:;{ (i:ﬁi} R} (i:ni) RZ Rfnat fr‘;;:ll:;
81| P-TI-BUR | 34 A T7 7.90 11.20 0.023 0.968 0.024 0.943 0.968 (3.023
482 | P-TE-BUR | 34 M L1 16.17 13.11 0.035 0.966 0.032 0.969 0.969 0.032
483 [ P-TI-BUR | 34 M L2 15,54 15.02 | "0.035 0.9%0 0.0323 0991 I 0991 0.033
asd | P-72-CHE | 47 M HI 3.57 598 0.0235 0.923 0.025 0.922 0.923 0.023
185 | P-72-CHE | 47 S| (831 [2.99 17.82 0.051 0.954 0.048 0.959 0.939 0.048
486 | -72-CHE | 47 M U2 11.39 15.40 0.033 0.945 0.031 0933 0933 0.031
487 | P-72-CHIE | 47 M U3 20.76 15.27 0.064 0.982 0.07] 0.930 0982 0.064
188 | -72-CHE | 47 M T1 20.38 725 0.087 0.982 0.088 0.981 0.982 0.087
4R P-72-CHE 47 M T2 18.34 F6.55 0.033 0.9353 0.051 0957 0.957 0.051
490 pTCHE ) 47 M T3 19.36 1953 0.084 0.933 .083 0933 0.933 0.083
dyl {P-72CHE | 47 M T4 19.36 18.20 0.052 0932 0.055 0919 0.932 0.052
4921 P-F2CHE | 47 M T6 37.83 28.89 0.077 0.983 0.091 0.976 0.983 0.077
493 | P-T2-CHE | 47 M LI 18.34 16.55 0.028 0.957 0.028 0.963 0.963 0.028
4 | P-72-CHE | 47 M L2 1184 1298 0022 0.963 0.021 0.988 0.98% 0.021
493 [ P-72-CHE | 47 M L3 23.05' 17.82 0.049 0.968 0.043 0973 0.973 0045
e PFCNE | 4T M 14 |2_.23' 10.05 0.053 0.930 0.060 0.920 0.930 0.055
497 IP-73-NUR | 26 I Ul 5.48 4.71 0.032 0.962 0.031 0.964 0.964 0.031
498 [ P-73-NUR | 26 F U2 7.01 6.11 '0.034 0.920 0.033 0924 [ 0924 0.033
499 | P-73-NUR | 26 F u3 8.02 16.42 0.039 0.978 0.041 0.977 4978 0.039
MHP-73-NUIR [ 26 I T 11.21 11.33 0.043 0.962 0.041 0.964 0.964 0.041
AP I-TS-NUR [ 26 ¥ T2 9.68 9.29 0.040 0.959 0.041 0.952 09359 0.040
M2ATANUR | 26 F 3 6.62 9.67 (.042 0.933 0.041 0.955 0.955 0.041
S5 [P-73-NUR | 26 F Ll 6.62 5.98 0.037 0.928 0.037 (.926 0.928 0.037
A4 [P-TANUR | 26 I L2 3.35 5.09 0.036 0.930 0.0536 0.930 0.930 0.036
SO5P95-MOH | 33 M H1 3322 10.18 0.051 0917 0.052 0917 0.917 0.052
306 POSMOH | A3 M U1 2382 13.49 0.05;—! 0.968 0.051 (.966 0.968 L0581
SOT PO MO | 53 M - uz 11.33 8.65 0.025 0954 0.025 0.954 0.954 0.025
SUR IPOSMOH | 33 M u3 9.81 [3.11 0.048 0950 | 0048 0.949 0.950 0.048
S| POSMOHT | 53 M Tl 18.72. 21.38 0.036 0972 0.039 0.966 0972 0.036
SMOP9SMOI | 53 M T2 3006. | 20.24 0.038 0.983 0.050 0.969 0.983 0.038
31| P9e-ZAl 62 M Hi 7.00 10.82 0.028 0.966 0.029 0.963 0.966 0.028
32| P-9a-ZAl 62 M L1 17.07 23.80 0.067 0.950 0.064 0951 0.951 0.064
313 | P-96-ZAl 62 M U2 14.14 13.87 | "0.049 04971 3.030 0957 " 0971 0.049
314} PQa-LA] 62 M T2 6.11 8.27 0.032 0.936 0.031 0937 0.937 0.031
SIS POGZAI 62 M T3 15.41 10.82 0.034 0916 0.040 0.970 0970 0.040
S16 | PO6-ZAl 62 1% T4 30.18 26.34 0.133 0932 ¥-0.14¢ 0921 0932 0155
517 | P96-ZAL 62 M Ts 35.02 28.64 0.123 0.973 0.139 0.964 0973 0.123
IR | P9G-ZAI 62 M T6 3961 24.31 0.186 0.941 0.178 0.943 4.943 0.178
319 | P-96-ZA1 62 M L1 32.48 6.49 0.069 0.964 0.064 0,969 0.969 0.064
3201 P-96-ZAl1 62 M L2 853 21.51 0.063 0.968 0.660 1.971 0971 0.060
3201 P-96-2Al 62 M L4 5.60 14.64 0.044 0.984 0.044 0.983 0984 0.044
3221 P-96-ZAd 62 M L5 11.84 §7.31 0.070 0.9352 0.071 0.951 0.952 3.070
3231 P-97SAT | 34 M Ul 8.53 11.45 .022 0.970 0.021 0.974 0974 0.021
324 { P-O7-SAT | 54 M uz 16.81 23.67 4.034 0.984 0.041 0978 0984 0.034
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Ne | Patiem Age [Uender [Region ‘;\l;i?l][})] [:r::i;[ (151:1631) : (ifuﬁ_) R Rfimar fuﬂ;?;;
823 P97-SAT | M4 M Rk} 8.02 1425 0.023 0.984 0.024 (G983 (1984 0.023
526 | P-G7-SAT 54 M Tl 6.62 13.49 0.021 0950 0.023 0941 0.950 0.021
5327 PY97-SAT 54 M T2 751 6.24 0.027 0940 0.02.?' 0940 0.94H) 0027
328 | P-97-5AT | 34 M Ll 16.18 23.04 0.050 0.933 0.049 0.935 0.935 0044
329 | P-97-SAT | 54 M [L.2 14.90 1275 0.032 0.961 0.031 0962 0.962 0.031
530 |P-98-MOI | 35 M H1 739 7.76 0.044 0.963 0.044 0.963 0.963 0.044
331 |P-98-MOH | 35 M Ul 7.13 7.00 0.031 0974 0.031 0974 0974 0.031
332 [P-98-MOH | 33 M 2 g.13 10.56 (039 (0.931 0.037 0937 0.937 0.037
533 [P-98-MOH | 35 M U3 7.13 385 0.060 0.982 0.060 0.981] 0982 0.060
334 {P-98-MOH ¢ 33 M Ti 3.82 4.58 0.022 (G.946 0,02_3 0944 940 0022
335 |P-98-MOH | 35 M T2 318 4.07 0.019 0.938 0.019 0.638 0938 0019
536 |[P-98-MOH | 35 M T3 3.06 3.44 0.0t8 0917 0.018 0915 097 [IRVAE.0
337 |P9B-MOH | 35 8 i1 293 2.80 0.023 0.953 0.022 0.G58 (1958 6G.022
338 | P-99-ROH | 39 M HI 8238 8.33 0.024 0.964 002 | 0958 0.964 0.024
339 {P-99-ROH | 39 M Ul 15.54 13.1¢ 0.036 0,980 0.035- 0982 0.9R2 N.033
540 [P-99-ROH4 | 39 M uz2 9.17 7.13 0.636 0.988 0.037 (1988 0.988 0.037
541 {P-99-ROH | 39 M u3 11.72 11.84 0022 0.989 0.022 0.989 0989 0.022
52 (P99-ROIT | 39 M 3 675 | 4.07 0.024 0.949 0.()25'_ 0.944 0.949 0.024
543 1P-99-ROH | 3% M 1.2 11.34 8.53 0032 0.955 0.031 0956 0.956 0.031
S [P99-ROIE | 39 M [.3 777 8.13 0.028 0.962 0028 0962 | 0962 0.028
343 P-100-MAT | 55 M H1 10.19 8.40 0.048 0.939 0.048 0.940 0.940 0.HR
5340 P*-100-MAT | 35 M Ul 16.56 25.07 Lu79 0963 0.073 (969 0.969 0.07%
547 P-100-MAT | 55 M 3 [1.39 1833 0.035 0,986 0.036 0.986 0986 04.036
S48 P-100-MATT | 55 M Ti 3633 7.76 0.058 0.927 0.056 0.932 0.932 0.056
549 P-100-MAT | 35 M T2 27.51 I 0.057 0963 0.065 0.952 0.963 0.057
3530 P-100-MAT | 35 M T4 36.68 28.13 0105 0964 0.125 0.930 0.964 ¢.105
531 P-100-MAT | 55 M- T3 943 11.20 0.037 0952 0.033 0.961 0.961 (1033
332 P-iG0-MAT | 35 M Li 13.88 27.24 0.073 0971 0.069 0973 0973 0.069
533 [P-100-MAT | 35 M L2 24,45 16.42 0.026 (.987 0.034 0.977 0.987 0.026
554 P-100-MAT | 55 M .3 11.72 27.87 0.037 970 0.037 0.970 0.970 0.037
335 P-101-NAN | 31 M HI 1833 9.67 0.042 0.950 0.040 0956 0.956 0.040
556 |P-101-NAN| 31 M ul 2598 11.33 0.059 0945 0.057 0.948 0.948 0.057
357 P-101-NAN | 31 M U3 15.54 14.00 0.038 0.974 0.038 0.975 0975 0.038
338 [P-101-NAN | 31 M T2 16.43 2113 0.043 0939. | 0043 0.94] 0-.941 0.043
359 P-101-NAN [ 31 M T3 27.51 11.58 0.054 0.99(.) - [--04034 0.990 0.990 0.054
560 [P-101-NAN [ 31 M L1 2522 13.49 0.047 (988 0.047 0.988 0.988 0.047
561 P-T01-NAN | 31 M L2 15.67 20011 0.057 0983 0.036 0.984 0.984 0.056
562 P-102-MUH | 36 M Ul 13.88 [3.75 0.042 0970 0.039 (G.975 0.975 0.039
363 P-102-MUH| 56 M u2 1579 8.78 0.053 0927 0.051 0927 0927 0.051
564 P-102-MUH | 36 M U3 [1.46 7.64 0.028 0.984 0.029 0.984 0.984 0.029
365 P-102-MUH | 36 M Tl 1235 13.75 0.043 0930 0.042 G.930 0.930 0.042
366 P-102-MUH| 36 M 9T2 10.06 833 0.048 0.981 G.048 0982 0982 0.048
367 P-102-MUH | 36 M T3 15.54 18.07 0083 0.964 0.083 0.966 0.966 0.083
S6R P-102-MUH| 36 M T4 3617 28.76 0.037 0994 0.044 0.990 0.994 0037




No | Patiem Age Gender Region :;:i:]; }(];‘:f]];t (TS;;] R2 (i“’l‘:ﬂ RZ sz,»,m, f";;:':;
Sed P-IO2-AUN | 36 M LIA 15.54 15.53 0.049 0.988 0.053 0.985 0.988 ¢.049
S P-102-AUHE S6 M L2 13.76 827 0038 0.962 0.036 0.967 0.967 0.036
S71P-102-MUHE 36 M L3 9.30 7.13 0.032 0.951 0.031 (955 0,953 0.034
372P-103-TAN | 36 M H1 7.90 151 0.040 0936 0.040 0.936 0.936 0.040
STIP-103-TAN | 36 M Uz 7.39 8.53 0.036 0954 0.036 0955 0953 0.036
ST4P-T03-TAN | 36 M L3 17.70 26.09 0.053 0.968 0.048 0.954 0.968 0.053
375 P-103-TAN | 36 M T1 12.48 16.80 ‘0037 0.845 0.038 0.906 0.906 0.038
576 [P-103-TAN | 36 M T2 25.09 1947 (043 0.937 0.054 0934 0.957 0.043
377 P-103-TAN | %0 M L1 14.26 1633 0.033 0.982 6.038 0978 (.982 0.033
STEP-103-TAN | 56 M L3 312 1298 0034 (1962 0.035 0.962 0.962 0.033
79 P04 AHN ] 2 M 1l 5.86 598 0021 .0979 0.021 0978 0.979 0.021
80 Po04-ALIM Y 2 M Uil 3.31 5.09 0.030 0943 0.029 0946 0.940 0.029
_SSI L1O04-ATIN | 21 M 2 3.69 47 0025 |.0938 1.024 0941 0.941 0024
FS2P-104-AHN ] 2 M L3 217 2.42 0015 | 0928 G015 0927 0.928 0.015
SRIP-1ad-AlIM 20 M T 10.935 993 0.044 ‘_'0,973 0.046 0972 0.973 0.044
SREP-I04-AFIM | 2 LS| T2 .77 R.63 0030 | 6 933 0.029 0937 0.937 0.029
583 P-HH-ALIM| 2] M T3 9.68 3.60 0.063 0.945 0.064 0.941 0.945 0.063
380 P-104-AlIM | 20 M L1 510 5.60 0.025 0.945 0.025 0943 0.945 0.025
SE7 P-104-ALIM | 21 M L2 382 344 0.034 0.920 0.034 0921 0.921 0.034
S88 P-105-SHA | 30 M T1 34.39 10.82 0.065 0.955 0.066 0.953 0.955 0.065
S8 P-103-5HA | 30 At 12 22.67 13.36 0030 0.957 0.049 0.958 0.958 0.049
S9n [P-EOS-SHA | 30 M T3 12.86 8.78 0034 0.926 0.034 0.928 0928 0.034
01 P-1035-StA | 30 M 1.1 31.33 21.00 0.053 0.992 0.038 0.990 0.992 0.053
392 0P-105-SHA | 30 M LI1B 2394 15.63 0.045 0.985 0.046 0985 0.985 0.040
593 P-105-SHA | 30 M 1.2 11.46 17.31 0.060 0.956 0.061 0.956 0.956 0.061
394 iP-105-SHA { 30 M £.3 11.84 7.64 0054 0917 0.052 0922 0.922 0.652
95 (P-106-HUS | 38 M Hi 182 4.58 0.020 0.976 0.026 0.976 0.976 0.026
396 |P-106-HUS | 38 M Ul 6.62 11.45 0.038 0.958 0.033 0.968 0.968 0.033
397 IP-106-1TUS | 38 M U2 357 3.56 0016 | 0944 0.016 0.944 0.944 0.016
398 P-106-1HUS | 38 M U3 399 7.64 0.021 0.993 0019 0.967 0.993 0.021
599 P-106-HUS | 38 M Tl 6.88 8.27 0.016 0.991 0.016 0.991 0.991 0.0l6
600 [P-106-HUS | 38 M. T2 713 10.56 0.022 0955 0019 0.967 0.967 0.019
607 (P-106-HUS | 38 M T3 9.17 445 0.019 0976 0.019 0976 0.976 0.019
602 [P-106-HUS | 38 M T4 4.71 4.20 0.021 0.989 0.021 0.989 0.989 0.021
03 P-106-HIUS | 38 M TS 331 3.09 0.016 0.943 0.016 0.943 0.943 0016
604 |P-106-HUS | 38 M L1 790 13.75 0.024 0.938 0.021 0.943 0.945-1 0.021
605 P-166-HUS | 38 M L2 8§92 1247 | 0030 0.983 0.03¢ 0984 | 0984 0.030
606 [P-106-11US | 38 M L3 6.75% 10.94 0.022 0.972 0.020 6.976 0976 0.020
607 [P-107-ABD | 54 M Ul 813 8.78 0.040 0.962 0.040 0.961 0.962 0.040
608 |P-107-ABD | 34 M U2 13.25 993 0.028 0.960 0.028 0.959 0.960 0.028
609 IP-107-ABD | 54 M Tl 10.19 7.89 0.038 0918 0.038 0919 0.919 0.038
610 P-107-ABD | 54 M T2 3.57 4.71 0.029 0.936 0.028 0937 0.937 0.028
611 P-107-ABD | 34 M T3 599 6.24 0.032 0.943 0.032 0.945 0.945 0.032
G612 1-107-ABD | 54 M L1 841 9.93 0.043 0.934 (.043 0.933 0.934 0.043
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No [ Patient Age [Gender [Region :?I:gil; E{I:ESI (gfni) RZ (E{";) Ry R}t i’;;;‘]‘]l;
613 P-108-RAH| 36 | M | HI 930 | 1158 | 0067 | 0938 | 0063 | 0942 | 0942 | 0063
014 [P-108-RAF| 56 | M | Ul | 1388 | 1082 | 0041 | 0942 | 0038 | 0928 | 0912 | G041
a15 Plo8-RAH| s6 | M | U2 | 802 | s91 | 0043 | 0916 | 0042 | 0931 | 0931 | ven
[a16 fp-tos-Ra | 56 | a0 | U3 | 522 1 585 | 0020 | 0943 | 0020 | 0943 | 0943 | G020
617 [P-108-RAH| 56 | M | 11 | 2445 | 1960 | 0050 | 0973 | 0049 | 0973 | 0973 | 0.049
srgp-ros-Ral| s6 | M | 12 | 2534 | 1540 | 0071 | 0978 | 0074 | 0978 | 097 | 0674
619 P-108 RAH| 56 | M | LI | 1898 | 2329 | 0059 | 0983 | 0059 | 0983 | 0983 | 0.0
620 [P-108-RAH T s6 | M | L2 | 23.69 | 2660 | 0039 | 0996 | 0038 | 0996 | 0996 | 0038
621 [p-108-RAH) 56 | M | 13 | 2955 | 2495 | 0046 | 0996 | 0046 | 09% [ 099 | 0046
a2 IP109BAF | 60 | M| nl 777 | 866 | 0051 | 0946 | 0051 | 0946 | 0046 | 0051
623 [P-109-BAF | 60 | M | U3 | 1898 | 2851 | 0043 | 0974 | 0063 | 0952 | 0974 | 0043
621 [P-109-BAF | 60 | M | TI | 2700 ] 1680 | 0052 | 0949 | 0074, | 0928 | 0949 | 00s2
635 [P-109-BAF | 60 | M | T2 | 2433 | 878 | 0047 | 0955 | 0045 | 0950 | 0939 | wgas
626 |P-109-BAF | 60 | M | 13 R11 | 1196 | 0038 | 0056 | 0038 | 0956 | 0us6 { 0038
627 [P-1008AF | 60.| M | T3 | 2573 | 1375 | oost | 096 | 0058 | 0967 | 0967 | 0058
P28 IP-109BAF | B0 | M| L1 | 1847 | 2062 | 0.063 | 0969 | 0066 | 0968 | 0969 | 0.063
| o2 [p-100-AF | 60 | M | 12 | 2394 | 1235 | 0045 | 095t | 0035 | 0968 | 0968 | 035
| 630 [P-t09-BAF | 60 | M| L3 700 | 687 | 0026 | 0962 | 0025 | 0962 | 0962 | 0025
031 [P-110-TAN T 38 | M L U1 | 1605 | 1400 | 0046 | 0977 | 0041 | 0980 | 0980 | 004
a2 [Ptro-TaN| 38 | M| U3 | 1223 | 1196 | 0047 | 0966 | 0046 | 0967 | 0967 | 0046
aaprieTaN] 38 | M | t2 | 6ss | 1616 | 0038 | 0959 | 0038 | 0959 | 0959 | 0038
03 [P-LIO-TAN | 38 | M| T3 | 1961 | 1960 | 6U91 | 0954 | 0.089 | 0957 | 0957 | 0089
635 P-110-TAN | 38 | M [ T5 | 3694 | 2876 | 0124 | 0957 | 0456 | 0930 | 0957 | 002
636 [P-110-TANT 38 | M | 11 | 2407 | 1756 | 0082 | 0916 | 0068 | 0948 | 0945 | 0o6s
o7 |e-rioran] 3s | M | 12 |o1sae | 2902 | 0077 | 0978 | 0072 | o982 | v9s2 | 0072
e30 [Pt0TAN] 38 | M | 13 | 2458 | 2673 | 0067 | 0961 | 0061 | 0963 | 0963 | 0061
639 [P-110TANT 38 | M| L4 | 3834 | 2002 | 0101 | 0962 | 012 | 0990 | 0990 | 0.2
a0 [P-110-TAN| 38 | M | Ls | 3872 | 2825 | 0095 | 0971 | 0089 | 0973 | 0973 | 0089
oI P-EII-ONG | 64 | M | HU | 1095 | 1056 | 0035 | 0936 | 0032 | 0943 | 0943 | 0032
642 P-111-ONG | 64 | M | Ul 739 | 1018 | 0045 | 0962 | 0044 | 0963 | 0963 | 0044
ci3P-1H1-ONG | 65 | M T w2 | 649 | 776 | 003s | 0971 | 0033 | 0973 | 091 | 0033
G4 PII-ONG] 64 § M | U3 | 713 | 713 | 0049 | 0932 | 0048 | 0932 | 0932 | 6.048
645 P-111-ONG | 64 | M | T3 | 560 | 738 | 0031 | 0962 | 0030 | 0963 | 0963 | 0.030
646 P-111-ONG | 64 | M | L1 | 3006 | 1616 | 0067 | 0941 | ooss | 0943 | 0943 | 004
647 P-L11I-ONG [ 64 | M | LiB | 2063 | 1871 | 0037 | 0983 | 0035 | 0985 | -0.983.] -0.035
648 P-I1-ONG| 64 | M | 12 | 1719 | 1782 | 0053 | 0979 | oosi | 0976 | 0979 | 0053
sool-111oNG| 62 | M | 13 | 2203 | 1909 | 0044 | 0967 | 0039 | 0974 | 0974 | 0039
630 1P-112-SEL | 42 | M | U3 | 1668 | 1744 | 0067 | 0969 | 0068 | 0968 | 0969 | 0067
65U |P-T12-SEL ] 42 | M | T1 | 1070 | 2074 | 0039 | 0988 | 0034 | 0967 | 0988 | 0.039
652 |P-ti2-SEL | 42 | M | T2 | 2050 | 1362 | 0049 | 0940 | 0046 | 0953 | 0953 | 0046
653 [P-112SEL | 42 | M | T3 | 2055 | 2304 | 0037 | 0992 | 0043 | 0981 | 0992 | 0037
esalptizsel [ a2 [ v [ [ 2382 | o2ses | 0oe9 [ 09sr | oo | 09e2 | 098 1 oot
53 [P-II2-SEL | 42 | M | L2 | 2089 | 1693 | 0062 | 6985 | 0064 | 098+ | 0.983 | 0062
656 paiascl |42 | Mo |3 | 3057 | 32 | 000 0968 | oost | 0982 0982 | wost |
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No | Patiem Age [Gender |Region :\“:ﬂil; F({;:rg;ll';i (g;ﬁ) R (rsa;zr';) R} R}nai f;;::;
G3T P-113-NOR § 21 F Hi 322 5.83 0.037 0929 0.037 0.930 0.930 0.037
638 P-TI3-NOR | 2 F Ul 8.4 6.24 0.030 0.940 0.032 0.631 0.940 0.030
639 -] 13-NOR | 21 8 L2 344 331 (.025 0.924 0.023 0.924 0.924 0.025
660 [P-T113-NOR | 21 F U3 3.18 253 0.023 0915 0.022 0916 0916 0.022
661 P-113-NOR | 21 F T3 7.00 7.00 0.032 06.919 0.032 0918 0919 0.032
662 P-FE3-NOR | 21 F L1 11.59 8.40 0.034 0.952 0.029 0.962 0.962 0.0?.L
663 P-113-NOR | 21 I L2 3.95 3.69 0.018 0.92¢ 0.021 0916 0.929 0.018
66l [P-113-NOR | 21 F 1.3 3.09 4.38 0.022 0.930 0.021 0937 0937 0.021
665 I-114-MOH | 29 M HI 5438 6.24 0.038 0.927 0.037 0.929 0920 0.037
o6t P-TT4-MOTT| 20 hy| [ & .99 P17 0.037 0.942 0.030 0946 0946 (.030
667 P-114-0MCH 1Y 29 hY] L2 7.39 7.76 '0,031 0971 0.028 0974 0974 0.028
68 P-{E-NOH ] 29 M Tt 3L08 1502 0.064 0.967 0.062 091t 0911 0.062
609 P-114-MOI1| 29 M T2 29.17 i7.18 0075 0.970 0.063 UA960.- 0.970 0.075
6T P-TI4-NOH | 29 8| T3 2333 12.86 0.086 0.969 0.081 0975.1 0973 0.081
671 P-113-MOH | 29 M T4 3321 28.89 0.088 0.978 0.126 0.950.1-0978 0.088
672 P-114-MOH | 29 M LI 1337 17.56 0.046 0.973 0.045 0955 .0.973 0.016
673 P-114-MOH | 29 M L2 30.31 [2.60 0.061 0973 0.054 0.977 1.977 0.054
674 -1 14-MOH| 29 M L3 9.55 993 0.042 0.948 0.041 0.949 0949 0.041
675 P-114-MOH | 29 M 14 9.04 1§.20 0.098 1.929 0.093 0.937 0937 0.093
676 P-14-MOH | 29 M L5 3834 2876 0.088 0.948 0.088 0549 0.949 0.088
77 (P-113-RAH | 32 M Ul 37.57 1336 0.090 0.923 0.067 0931 0.931 0.067
OI8P-113-RAJ | 32 M Lz 39.61 10.56 0.070 0.951 0.070 0.930 0.951 0.070
074 [P-113-RA) | 32 M U3 2229 22.15 0.054 0.971 0.033 0972 0.972 0.053
GROP-T15-RAN | 32 M Tl 19.87 18.20 0.078 0.966 0.078 0.967 0.967 0.078
6RE[P-115-RAT | 32 M T2 28.02 14.76 0.064 (.964 0.067 0.961 0.964 0.064
HR2 [P-115-RA) | 32 M T3 2713 19.73 "0.068 0.935 0.066 0958 | 0958 0.066
683 {P-115-RAL T 32 W% T4 36.17 26.73 0.051 0.932 0.051 0932 0.932 0.051
o84 [P-115-RAJ | 32 M 1 17.19 18.33 0.047 0951 0.045 0.954 0954 0.045
685 |P-115-RA) | 32 M L2 22.67 2456 | 005! 0.970 0.050 0.971 0971 0.050
afa {P-| !5-7%‘\_.! 32 M L3 15.54 28.38 (1052 0.987 0.051 0.988 6.988 0.051
687 |P-116-5UP | 54 M 1 21.91 26.09 0.045 0.993 0.044 0.993 0.993 0.044
688 |P-116-5UP | 34 M Ul 637 6.49 0.032 0.960 0.031 0.961 0.961 0.631
689 (P-fl16-SUP | 54 M U3 497 5.35 .020 0.953 0.020 0.953 0.953 0.020
690 |P-116-SUP | 54 M Tl 407 5.09 0.025 0.944 0.026 0.943 0.944 0.025
&9 IP-116-SUP | 54 M T2 4.07 293 0.024 0914 0.023 0917 0917 0.023
692 {P-116-SUP | 34 M T3 535 624 0.034 0928 0.034 0.928 0.928 0.034
693 P-116-SUP | 34 M LI 2801 16.29 0.029 0.989 0.028 0.989 0.989 0.028
r;;-l P-116-SUP | 54 M L2 3311 13.53 0.033 0.993 0.037 0.992 0.993 0.033
695 IP-117-ROS | 45 M Ul 4.46 445 0.022 0.935 0.022 0.935 0.935 0.022
696 IP-117-ROS | 45 M Ti 12.74 15.27 0.050 0.921 0.040 0.947 0.947 0.040
497 [P-117-ROS 1 43 M T2 10.06 1282 | ‘0053 0916 0.053 0918 | 0918 0.053
698 IP-117-ROS | 45 M Ll [9.87 12.35 0.050 0974 0.048 0.975 0.975 0.048
699 |P-E17-ROS | 45 M B2 497 5.00 0.031 0.952 (031 0952 0.952 0.031
00 P-117-ROS | 45 M L3 13.88 11.71 0.066 0.930 0.065 (931 0.931 0.065
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r_.\-'; Patient | Age [Gender [Region :\mli:}; i{;lf]r;t (f‘fﬁi] k2 (i\atfl) R3 R irar i';;;::;
700 [PUIS-RAL L 47 | M| UL | 892 | 1361 | 0046 | 0915 | 0043 | 0926 | 0926 | 0043
o2 |pisRAY ] 47 L M [ us | 675 | 738 | 0033 | 0943 | 0033 | 0945 | 0935 | 0033
s [ratgral | 47 | v ] | 700 | s6s | 0060 | 0941 | 0oz | 0953 | 0953 | ooe |
704 [P-UIS-RAT | 47 | M | LIB | 3388 | 1285 | 0052 | 0972 | 0010 | 0973 | 0973 | 0.049
705 [P-118-RA) | 47 | M | L2c | 1567 | 2749 | 0054 | 0972 | 0051 | 0973 | 0973 | 003
206 lP-118RAJ ] 47 | M | L3a | 802 | 1056 | 0054 | 0956 | 0056 | 0953 | 0956 | 0054
707 [P-HI9-RAT [ 45 [ M | 1 | 7.3 | 662 | 0021 | 0987 | 0021 | 0987 | 0987 | 0021
708 [P-119-RAT | 45 | M LUl | 2000 | 1642 | 0035 | 0990 | 0034 | 0991 | 0991 | 0.034
7R P-119-RAT | 43 M U2 13.63 15.53 0.040 0971 0.04] 0971 0.971 0.0
700 [P-119RAT | 45 | M F U4 | 3074 | 2291 | 0045 | 0980 | ooss | 0978 | 0980 | oos
7 lp-t19-RAT | 45 [ M [ | 2547 | 1642 | 0040 | 0960 | 0o0s4 | 0976 | 0976 | 0044
TIP-0RAT [ 45 | M | 12 | 2797 | 1667 | 0045 | 0929 | 0043 | 0937 | 0937 | 0.043
73 [P-H9-RAT LS | M| T3 | 1579 | 1est | 0048 | 0051 | 0048 { 0953 | 0053 | 0048 |
LA RAT | 45 | ™M | Lt | 3872 | 1922 | 0032 | 0991 | 0050 | o981 | 0eer | 0032
TS IP-LI9RAT | 45 | M| 12 | 1375 | 1604 | 0033 | 0992 | 0033 | 0992 | 0992 | 0.033
Tolp-120R0s | 40 | M T Ui | 726 | eit | 0034 | 0942 | o034 | 0943 | 0943 | 0053 |
n7lpaz0ros | 40 | M [ uz | s22 1 seo | 0029 | 0919 | 0028 | 0950 | 09so | oex
7is 0RO [ 40 [ M| U3 | o2es | 305 | 0018 | 0959 | 0018 | 0958 | 0959 | 0018
7191P-120-ROS | 40 | M| I 930 | 1107 | 0029 | 0954 | 0029 | 0956 | 0956 | 0029
70 P-20ROS | 40 | M| T2 | 764 | 420 | 0026 | 0964 | 0024 | 0969 | 0969 | 0024
728 [P-120-ROS L 30 [ M| L 611 | 993 | 0028 | 0953 | 0028 | 0953 | 0933 | 0428
722 (PA20ROS | 40 | M| L2 | 637 | 935 | 0029 | 0957 | 0029 | 0957 | 0957 [ 0029
723 [P20-PAR | 52 | M| UI | 1643 | 1731 | 0065 | 0.933 | 0065 | 0936 | 0936 | 0.063 |
7alpazeparR {52 1 M 12 | 2038 b 1909 | 0046 | 0985 | 0043 | 098 | 098 | 0043
7as(pazpaR | 52 | M | us | 567 | 1922 | 0037 | 0930 | 0037 [ 0940 | 0940 | 0037
726 1P-20-PAR | 52 [ M | T1 | 1274 | 1107 | 0029 | 0965 | 002 | 09es | 09ex | vozs
| 727 ]P-121PAR | 52 | M T2 | 1070 | 1616 | 0035 | 0944 | 0:033 | 0948 | 0948 | 0.033
728 |P-120-PAR | 52 | M | 13 | 1223 | 1540 | 0022 | 0958 | 0024 | 0954 | 0958 | 0022
720 [P-120PAR | 52 [ M | 12 | 1936 | 1871 | coz8 | 0947 | 0030 | 0946 | 0947 | o028
730 |P-121-PAR | 52 | M | L3 | 1758 | 1553 | o061 | 0953 | 00s8 | 0.958 | 0958 | 0038 |
731 [P-120-PAR | 52 | M | L4 | 2535 | 2456 | 0026 | 0965 | 0032 | 0992 | 0992 | 0032 |
732 |P-122-RIZ | 38 | M | HU | 1286 | 1298 | 0027 | 099 | 0026 | 099 | 09% | 0026
7331|Pa22RIZ [ 38 T M | Ul | 1619 | 878 | 0024 | 0980 | 0024 { 0981 | 0981 | 0024
T3Pz | 38 | M | u2 | 98t | 891 | 0054 | 0947 | 0053 | 0948 | 0948 | 0053
735 [P-122-RIZ | 38 | M [ us | se9 | 85 | 0033 | 0966 | 0032 | 0968 | 0968 | 0032
e |ra2Riz 138 | M| T1 [ 2076 | 1489 | 0049 | og68 | 0049 | 0967 | 0968 | 0049
737 {P-122-RIZ | 38 | M | T2 | 1860 | 1095 | 0039 | 0914 | 0046 | 0905 | 0914 | 0039
s lp22riz | 38 | M | 13 | 892 | 1209 | 0042 | 0947 | 0042 | 0933 | 0947 | 0042
739 |P-22-RIZ | 38 | M| LI | 1528 | 2533 | 0043 | 0964 | 0042 | 0964 | 0964 | 0042
740 [P-122RIZ { 38 | M | L2 | 1694 | 1502 | 0034 | 0980 | 0033 | 098t | 0981 | 0.033
mileo2riz (38 | M| LS 828 | 1145 | 0030 | 0964 | 0030 | 0963 | 0964 | 0030
mpa23nur |23 0 r L ur | orrss [ o1zes | oooz2 | ooss | o022 | o9ss | ooss | cox2
T bR | 23 | F Jus | 73 | ser | ot ] 0970 | 00s0 | 09 | o9m | ooso
Eu;sj-lza-}({ylgﬁ '3 F T2 | s | 73 [ 0027 | 0943 | 0025 | 0947 | 0947 | 0025

3



No | Patient | Age |Gender |[Region :t]:ﬂ:l; I(i::]l[;g]l;t .(n‘fﬁi) R3 (gi‘:n R | Rina f:r:;:;
TA3|P-123-NUR Y 23 s T3 6.37 522 0.028 0.924 0.026 0.933 0.933 0.026
TH6 -1 23-NUR 23 I (.1 28.78 19.98 0.030 0.990 0.033 0.988 0.990 0.030
747 P-123-NUR | 23 F [.2 20.23 19.47 0.023 0959 0.022 0,964 0964 0.022
T8 P-123-NUR | 23 F L3 10.06 8.02 0.030 0919 0.050 0.918 0919 0.050
749 IP-124-SAN | 38 MM HI 32,73 [3.11 0034 (0.989 0.051 0.990 0.990 0.051
750 1P-124-SAN | 33 M 103 11.83 1247 0.028 0.970 0.027 0.972 0972 0.027
751 |P-123-5AN | 38 M U2 15.28 27.87 0.047 0.987 G.046 3.987 0.987 0.046
7R IP-E24-5AN | 38 M U3 13.75 13.36 0.034 0.968 0.033 0968 0.968 0.033
753 [P-124-SAN | 38 M Tl 17.07 25.07 0.058 09359 0.057 0958 0,939 0.038
T3P 2d-5AN | 3R M 13 2114 12.34 0.083 (1934 (L0182 0,936 0.936 0.082
755 P-124-5AN | 38 M L2 §7.83 17.82 0.021 0.994 0.020 0.994 0.994 0.020
TEAP-1248AN | 38 Y I 33.37 26.60 0.032 099 0.044 0930 0.996 0.032
TRTOP-125-LIN ) T Mt L2 t6.94 14.13 0.034 0.962 0.035 0.962 0.962 0.035
TERAI-I25-LIN T M L3 12,61 15.53 0.049 0.917 0.048 0.918 0918 0.048
TROP-125-10M 1 T by T 23.69 14.76 0.033 0.941 0.054 0.942 o912 0.054
TRNAP-125-1LIM | 7] MM 12 16.94 2316 0056 0977 0.032 0.980 (1980 0.052
761 |P-125-1.0M | 71 M T3 14.01 20.11 0.033 (1.964 0.633 0.964 0.964 0.033
762 |P-125-1iM | 71 M L1B 2254 2278 0.054 0.988 0.631 0.988 0.988 0.051
763 (P-125-1IM | 71 M L.2 13.88 12.22 0.043 0.983 0.044 0.983 0.983 0.044
TO4P-125-1LEM | 71 M L3 2420 13.49 0.064 0.973 ] 0.038 0.977 0.977 0.058
03 P-126-WAN! 23 M H! 535 7.64 0.025 0.967 | "0.025 0.967 0.967 0.025
Toh P-126-WAN| 23 M Uit 446 4.96 0.020 0.970 (0.020 097! 0.971 0.020
67 P-126-WAN | 23 M L2 382 4.96 0.025 (4.932 0.025 04.935 0935 0.025
T8 - F20-WAN( 23 M U3 318 2.80 0.020 0.948 0.020 (.948 0948 0.020
Tow P-126-WAN| 23 M Ti 599 9.04 0014 0979 0.015 0.962 0.979 0.014
TI0 P-126-WAN| 23 M T2 3.18 4.84 0014 0.988 0.014 0.988 0.988 0.014
T P-126-WAN| 23 M T3 3.82 3.69 0018 4936 0018 0.936 0.936 o018
772 P-126-WAN| 23 M Li 11.46 19.09 040 0.986 0.037 0.988 0.988 0.037
773 P-126-WAN 23 M 1.2 13.50 16.04 0.039 0.977 0.038 0979 0.979 0.038
T P-126-WAN| 23 M L3 751 6.11 .0,020 0932 0.020 0929 | 0932 .020
775 P-127-EMA | 60 F T 981 347 0.023 0.955 0.022 0,958 0.958 0.022
776 P-127-EMA | 60 F T2 1210 171 0.055 0.948 0.052 0.952 0952 0.032
77 P-127-EMA | 60 F T3 4.84 8.15 0.032 0.960 G031 0.963 0.963 0.031
TIE P-127-EMA | 60 F L1 12.74 17.95 0.048 0.967 0.047 0.969 0.969 0.047
A??"} -127-EMA | 60 I .28 4.20 4.84 0.020 0.934 0.020 0.934 0.934 0.020
RO P-127-EMA | 60 F i.3 535 12.98 0.049 0.971 0.049 0.970 0971 0.049
781 |P-128-SHA | 4] M HI 993 10.82 0026 0.986 0.024 0.988 0.988 0.024
TR2P-128-SHA | 41 M Ut 10.83 15.15 0.033 0.982 0.036 0.981 0.982 0.033
783 1P-128-SHA { 41 M U3 20.76 12.22 0.047 0.971 0.045 0973 0973 0.045
TP 28.SHA ¢ 4t M T2 7.51 7.64 0.028 0977 0.026 0978 0.978 0.026
TRIP-128-SHA | 41 M 13 10.32 9.67 0.051 0.945 0.052 0944 3.946 0.05!1
786 |P-128-SHA | 4] M T4 37.44 28.76 0.103 0.971 0.111 0.986 0.986 111
787 P-128-SHA | 41 M L1 20.50 16.93 0.038 0.992 0.039 0.992 1.992 0.039
788 {P-128-SHA | 41 M L2 18.60 13.62 0.987 0.047 0992 4.992 0.047

0,059




TR T
. _— e o Width Height San 2 Sa.3 2 2 Stinae
No Patient Age |Gender |Region (mm) (mm} (mm) R (mm) R Rfinat (mm)
789 (P-128-SHA | 41 M L3 14.14 11.07 6.027 0979 0.027 0.979 0979 0.027

790 [P-i28-SHA | 41 M L4 36.68 29.13 0.042 0.994 0.077 0.972 0.994 0.042

791 | P-73-[ AT S(IE 8 H1 4073 l;3691 0.021 0936 0.021 0.933 0.936 (02t

792 | P-74-LAT | 50 | M| Ul 12864 | 20491 | 00vs | 0938 | 0101 | 0955 | 0958 ! 0093

793 | P-7H-LAT | 30 S| uz2 3l 3437 0.028 0931 0028 0.931 0931 0.028

3
794 P-T4-LAT § 30 M i3 9552 ¢ 12345 0.043 0948 0.041. 0935 0.953 0.041

795 [ P-7T4-LAT | 50 M Tt 4.203 4963 0.033 0.929 0.035 (.928 0.929 0.033

9
96 [ P-74-LAT | 30 M T2 4203 5833 0.027 0.912 0.026 0917 0.917 0.026

797 | P-7T4-LAT | 50 M 13 LLT7 | 11582 ] 0.04 0962 0.042 0.963 0.965 0.042

TR | P-74-LAT | 30 M L1 12226 | 13.634 0.063 0950 0037 0957 0.937 €.057
799 | P-74-LAT | 30 M 1.2 16.811 14.890 0.057 0967 0.057 0.960 0.967 0.057
Bo0 L P-T4-LAT | 30 M L3 15156 | 16672 | 0.069 0953 0.066 0.956 (L9536 0.066
&l [ P-75-PON | 51 M i 3821 3309 0.016 0.947 0019 0924 0947 0.016
862 P-73-PON | 51 hY| ‘ U1 7259 5.981 0.037 0945 0.037 0.945 0.945 0.037
803 | P-73-PON | 51 M 12 10,189 | #1.327 | 0.036 i).'979 0.054 0980 0.980 0.054
804 [ P-73-PON l‘ M U3 9.170 6.109 0.045 0962 0.047 0.938 0.962 0.045
l_gli P-73-PON | 31 M T2 11462 | 16036 | 0.036 0.977 0.034 (.979 0979 0.034
806 | P-75-PON | 5t L M Ti 11.080 | 13.490 0.039 0.547 0.040 0.946 0.947 0.039
807 | P-75-PON 1 51 M I 21042 ] 12,599 1 0.023 0976 0.028 0.984 0.981 0.028

RO | P-75-PON 1 51 M L2 16684 | 16163 0.087 0917 0.091 0911 0917 0.087

809 | P-73-PON | 31 M L3 12354 . 11.200 0.029 0.984 0.029. 0.985 0.985 0.029

810 (P-76-MOI | 47 M H1 6.113 7.509 0618 1985 0018 0.986 0.986 0018

-
R11LIP-76-MOH | 47 M U] 17.194 | 15654 | 0032 0.963 0033 0962 0.963 0.632

RI12 IP-76-MOHE | 47 M 2 15.028 | 12.091 0.029 0.972 0.030 0.971 0972 0.029

813 |P-76-MOH | 47 M U3 7259 11.454 : 0.028 0.980 0.027 0.981 0981 V027

84 | P-76-MOH | 47 M Tl 21.524 1 19599 | 0.033 0.975 0.030 0978 0978 0.030

815 |P-76-MOH | 47 M T2 19359 | 17.181 0.062 0.945 0.061 0948 0948 | 0.061
SR

816 (P-76-MOI | 47 M T3 11844 | 9.163 0.025 0.961 0.026 0.957 0.961 0.025

817 {P-76-MOH | 47 M| T4 11.081 8.654 0.049 0.975 0.048 0.975 0.975 0.048

SIB IP-76-MOH | 47 L1 10316 | 7.382 0.031 0.987 0.031 0.986 0.987 0.031

L2 4202 7.509 0.030 0.967 0.029 0.969 0.969 0.029

819 |P-76-MOH | 47

820 1P-76-MOH | 47 L3 G.552 9.036 0.035 0.989 0.035 0.950 0.990 0.035

821 | P-77-AZl | 46 Hl 14647 | 13745 | 0.022 0979 0.022 0.979 0.979 6.022

8221 P7T-AZL | 46 28.254 | 0.040 0.937 0.043 0.928 0.937 0.040

823} P-TT-AZl | 46 T4 20123 | 18327 | 0.037 0.994 0.036 0.994 0994 | 0036

824 [ P-77-AZF | 46 L2 14646 | 13363 | 0.051 0.977 0.052. | 0978 0.978 0.052

825 | P-77-AZL | 46 L3 9.551 9927 0.053 0.983 0.053 0.983 0983 0.053

826 [P-78-NUR | 23 Hi 30948 { 10.035 { 0.039 0.984 0.038 0987 0987 0038

827 [P-78-NUR | 25 Ul 19996 | 200108 | 0.058 0.984 0.059 0.983 0.984 0.038

MmN T E|EIZ|IZ|E|IE|Z
=
&
[
=
D

U2 19358 | 28890 | 0.035 0.958 0.057 0.952 0.958 0.055

828 [ P-78-NUR | 25

—
820 IP-78-NUR | 23 H u3 16.684 15.273 0.036 0.996 0.035 0.996 0.996 0.035
830 |P-78-NUR | 25 F TI 18.085 | 10563 6076 0980 0.073 0.980 0.980 0.075

L 331 -78-NUR | 25 F 2 16,557 | 29.272 0.050 0.932 G.049 0.933 0.933 0.049

§32
A

T R - : ot .
PISNUR | 25 b ] T3] 14137 | 20891 | 0.073 | 0925 | 0473 | 0925 | 0925 | 0073
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Saz

No | Paient Age Gender [Region ITT::I}] T;:[":’]h}l (o R3 (‘rsr;i:) RZ R (S[’]'I';]:;
B33 | P-TH-NUR | 23 3 1.2 17958 { 20490 0.055 0.963 0.062 0.957 .965 0.055
834 [ P-T8-NUR | 23 F L3 12481 11.327 0.066 0.967 .064 0.969 0.969 0.064
B35 |1-79-A7M | 27 M Hi 4.967 1964 0.036 0.945 0.036 1.944 0945 0.036
836 [P-T9-A/ZN | 27 M Ul 20887 | 20996 0.041 0.971 0.044 0978 0978 0.044
837 {P-79-AZM | 27 M uz2 10.933 14.254 0.048 0.928 0.047 0.933 0.933 0.047
838 IP-79-AZM | 27. M L3 1462 | 11.072 0.034 0.979 0033 0.980 0.980 0.033
839 1-79-A7M 1 27 M Tl 11.972 11.581 0.047 0.950 0.046 0951 0.951 0.046
840 [P-79-AZM | 27 M T2 13.245 | 17,436 0.057 0.930 0.057 0928 0930 0.057
B3 | P-79-AZM | 27 M T3 13.119 ¢ 11,327 0.049 0.967 0.047 0.969 0.96% 0.047
S42P-T9-ALN | 27 M L1 917 9927 0.027 0.965 0.027 0968 (1968 0.027
843 [ P-T9-ASN | 27 M 1.2 735014 9.800 0.036 0944 0.033 0.964 0964 0.035

S8 PT9-AM | 27 M I3 19.613 9.291 0.045 0966 0.046 (1.964 09660 0.043
. 845 1 P-80-SIN 78 M Ul 14392 | 12.855 0.064 0.952 0071 0.949 0952 0.0064
R | P-80-5IN 78 M T1 22670 | 22018 0.057 0.974 0.059 0972 0974 | 0057
847 | P-80-SIN 78 M T 21580 | 22908 0.034 0.970 0.062 0.957 G970 0054
848 | -81-SEL 87 M 11 8.151 7.127 0.032 0.941 0031 094 0944 0.031
{49 | P-81-5kI. 57 M u 10.953 13.872 0.048 0.954 0.048 1948 0.954 0.048
850 | -81-SEL | 57 M U3 54717 5.855 0.028 0.934 0.028 0933 0.934 0.028
&5t [ P-R1-SEL 57 M T1 10.826 7.891 0.046 0.950 0.044 0.935 i 0.935 0.044
8352 | P-8I-5LL 57 M T2 26,745 8.909 0.051 0.988 0.050 0.988 {) 988 0.030
833 | P-RI-S¥L 57 M 13 13,753 14.000 0.040 0.964 0.041 0951 0964 -| 0.040
&34 [ P-81-51-L 37 M il 2216l i7.182 0.037 0979 0.053 0.980 0.980 0.055
855 | P-E1-SLL 37 M 1.2 28.783 16927 0.066 0961 0072 0.953 0961 0.006
856 P-8IE-5E1 57 M 1.3 20377 | 28.508 0.059 0.987 0.063 (.986 0987 0.039
837 |P-82-MALT | 31 M n 6.495 8.145 0.036 0.940 0.036 4.940 0.940 0.036
838 IP-82-MA | 5] M u2 8.533 13.872 0.038 0.966 0.038 0.967 0.967 0.038
{39 |P-82-MAH | 51 M U3 6.750 3.0584 0023 0.947 0.023 0947 0.947 0.023
860 [P-82-MAH | 51 M Tl 12609 | 12.091 0.050 0.961 0.050 0.960 0.961 0.030

’ 861 [P-82-MAH | 51 M T2 6.878 8.527 0.036 0.956 0.036 0.956 0.956 ,0'036
627P-R2-MAH | 51 M T3 16.939 | 13.363 0.0jbi_\ 0.975 0.039 (1.966 0973 0.032
863 [P-R2-MAH | 51 M .1 12226 | 11.582 0.025 . 0.995 0.027 0.993 0.993 0.025
864 | P-82-MALT | 51 M 1.2 4967 5.345 0.021 0911 0.021 0911 0911 0.021
863 |P-82-MAH | 51 M L3 3.732 7.000 0.040 0937 0.039 0.943 0.943 0.039
866 1 P-83-SHA | 34 M HI 4.967 4.073 l0,03 1 0.966 0.031 0.966 | 0.966 0.031
867 | P-83.SHA | 34 M U1 17.067 7.891 0.039 0.971 0.043 0.966 0.971 0.039
_3\5'8 P-R3-SHA | 34 M u2 11.335 | 22.908 0.052 0.963 0.049 0.957 0.965 0.032
869 [ P-83-SHA | 34 M u3 7.896 8.654 0.037 0912 0.065 0.905 0912 0.057
| 870 P-83-SHA | 34 M Tl 14,647 | 26.090 0.051 0.978 0.036 0.973 0978 0.051
371 [ P-83-SHA | 34 M T2 33.114 | 16.799 0073 0.978 0.072 0.979 0.979 0.072
872 | P-83-SHA | 34 M T3 20038 { 13.745 0.070 0.956 0.069 0958 0938 0.069
873 1 P-83-SHA | 34 M L1 14902 { 25.072 0.059 0.966 0.061 0.964 0.966 0.059
8741 P-83-SHA | 34 M L2 30948 | 17.181 0.064 0.990 0.066 0.988 3,990 0.064
8751 P-83-511A | 34 M ] L3 16.684 | 24.690 0.085 0938 0.085 0.941 0.941 0.085
876 | P-84-NOQ | 49 F Hl 18977 | 15.527 0.040 0.962 0.042 0.958 0.962 0.040
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Mo | Patent | Age Gender Region :kr;iitlll [iI:E]hl‘ (iﬂﬁil i (ifﬁi) RE | Bl 191,1;:1?;
477 |[P-8INOO | 49 | F [ Ut | 8915 | 20745 | GO0S6 | 0932 | 0055 | 0941 | 0942 | 0036
§73 |P-84-NOO | 49 | F | U2 | 15283 | 20491 | 0088 | 0982 | 0087 | 0982 | 0982 | 0087
479 |P-84-NOO | 39 | F | 1 | 10316 | 18434 | 0061 | 0905 | 0058 | 0913 | 0913 | 0058
50 |PS4NOO | 49 | F | T3 [ 20071 | 14426 | 0072 | 0921 | 0075 | 0913 | 0921 | 0072
881 (P-84-NOO | 40 | F | LI | 14519 | 19981 | 0.032 | 098 | 0037 | 098 | 0988 | 0.032
g2 psano0 [ 290 | F | L [ 749 [ 17817 | o0s1 | 0913 | 0050 | 0916 | 0916 | 003
883 [P$4-NOO | 49 | F | L3 | 23.689 | 16672 | 0058 | 0979 | 0072 | 0972 | 0979 | 0.038
884 | P-85-CHE | 68 | M Ul 11335 | 7127 | 0026 | 0970 | 0026 | 0968 | 0870 | 0.026
885 [P-85-CHE | 61 | M | G2 | 7514 | 12218 | 0048 | 0926 | 0049 | 0922 | 0926 | 0048
836 | P-85-CHIE | 61 | M| U3 | 13245 | 17.054 | 007t | 0935 | 0067 | 0949 | 0049 | 0067
'887 | PSS.CHE | 61 | M | T1 | 10,699 | 13.236 | 0043 | 0960 | 0.043 | 0960 | 0960 | G043
S8 P8S-CHE |61 | M | T2 | 14774 | 12981 | 0040 | 0924 | 0041 | 0923 ] 0924 | 0040
$$9 0 P-SSCHE [ 6F | M | T5 | 16684 | 15.527 | 0068 | 0933 | 0.068 | 0958 | 0938 | 0.068
890 | P-&S-CHL | 61 | A | T3 | 30439 | 27999 | 0093 | 0931 | 009t | 0933 4 0933 [ 009
SO |P85-CHEEE {61 1 M ] 1 | 16684 | 13618 | 0038 | 0657 | 0038 | 0938 | 0938 | 0038
892 [ P-8S-CHE [ 61 | M | 12 | 9352 | 23672 | 0060 | 0979 | 0060 | 0979 | 0979 | 0060
893 [ P86-AKI | 47 | F | U2 | 2674 | 3818 | 0022 | 0972 | 0022 | 0972 | 0972 | 0022
891 P86-AKI | 47 | F | U3 | 4585 | 7.000 | 0023 | 0925 | 0023 | 0924 | 0925 | 0023
950 P-86-AKI | 47 | F | T | 5349 | 7636 | 0037 | 0934 | 0036 | 0967 | 0967 | 0036
896 | P-86-AKI | 47 | F | T2 | 5604 | 35982 | 0020 | 0957 | 0020 | 0958 | 0938 | 0020
807 [P-86-AKT | 47 | F | T3 | 4840 | 5001 | 0043 | 0957 | 0042 | 0938 | 0958 | 0042
595 | PSO-ARL | 47 | F | LI | 5477 | 4453 | 0026 | 0964 | 0.027 | 0963 | 0964 | 0026
$99 | P-86-AKI | 47 | ¥ | L2 | S604 | 5982 | 0046 | 0931 | 0046 | 0933 | 0933 | 0.046
90 | P-86-AKE | 47 | F [ 13 | 598 | 7763 | 0026 | 0924 | 0026 | 0920 | 0924 | 0026
901 [P-R7-NOR | 33 | ¢ | 1 | 8024 | 6363 | 0029 | 0932 | 0030 | 0920 | 0932 | 0.029
902 [P-87-NOR | 33 | F | U1 | 18340 | 14508 | 0.050 | 0953 | 0.049 | 0954 | 0953 | 0049
901 [P-87-NOR | 33 | F | U2 | 11972 | 12091 | 0.054 | 0995 | 0054 | 0996 | 099 | 0.053
b4 | P-S7NOR § 33 | F | 11 | 19339 | 16418 | 0034 | 0933 | 0033 | 0935 | 0935 | 0033
905 |[P-87-NGR { 33 | F | LI | 16303 | 14636 | 0036 | 0972 | 0035 | 0973 | 0973 | 003
906 [P-87NOR'[ 33 | F {13 | 11972 ] 9163 | 0.045 | 0948 | 0034 | 0937 | 0948 | 0045
907 [P-88-5AW [ 57 | M | HI | 12227 | 13361 | 0040 | 0962 | 0036 | 0958 | 0962 | 0.040
908 (P-88-SAW | 57 | M | Ul | 9552 | 5727 | 0.024 | 0971 | 0.023 | 0973 | 0:973 | 0.023
o9 [p-8s-saw [ 57 | M | U2 | 6622 | 5091 | 0028 | 0976 | 0028 | 0976 | 0976 | 0.028
910 |P-88-SAW | 57 | M | TI | 9042 | 13872 | 004i | 0923 | 0041 | 0925 | 0925 | 0.041
SIL[P-88-SAW | 57 | M | T2 | 11972 | 5346 | 0.042 | 0929 | 0.040 | 0934 | 0934 | 0.040
912 [p8s-saw [ 57 | M | 13 [ 10316 | 7891 | 0.046 | 0935 | 0043 | 0943 | 0943 | 0043
9i3[r-88-saw | 57 | M | T4 [ 11717 | 12600 | 0054 | 0936 | 0057 | 0921 | 0936 | 0.054
914 (p-88-SAW [ 57 | M [ L1 | 10062 | 10309 | 0.035 | 6960 | 0034 | 0962 | 0962 | 0.034
o15[pggsaw | s7 | M | 12 | 7387 | 8018 | 0042 | 0045 | 0039 | os9s0o | 0950 | 0.039
916 |P-80-BAK | 48 | M | HI | 3439 | 4072 | 0020 | 0966 | 0020 | 0966 | 0.966 | 0.020
917 |P-89-BAK | 48 | M | UI | 13500 | 10945 | 0.070 | 0950 | 0066 | 0956 | 0.956 | 0.066
o1¢ [p-go-sAK | a8 | M | w2 [ 1093 | 12081 | 0060 | 0957 | 0060 | 0957 | 0957 | 0.060
919 |P89BAK | 48 | M | U3 | 26491 | 14768 | 0086 | 0944 | 0075 | 0954 | 0934 | 007
920 [P-89-BAK | 48 | M | T2 | 21524 | 11455 | 0080 | 0964 | 0084 | 096G | 0962 | 0.080
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No | Patient | Age |Gender [Region ::1:11:])1 ]::]'f:;[ (i:;’;) R (i—iﬁ) R: Riinal (Sl’;:;‘:;
"97:' P-89-BAK | 48 M T3 9424 20.108 0.043 0.973 0.048 0974 0.974 0.048
922 1P-89-BAK | 48 hY | T4 6.877 Q.345 0.046 0.946 0.041 0.956 0936 0.041
023 [ P-89-BAKN | 48 M T6 31.840 | 26.090 0.07¢ 0.948 0.073 0.942 0918 0.070¢
921 P-R9-BAK | 48 M Li 16 175 16.036 0.042 0.981 0.037 0.983 0983 0.037
925 | P-89-BAK | 48 % L2 21.906 | 17.436 0.063 0.964 0.062 0.965 0.965 0.062
926 [ P-89-BAK | 48 M L3 9934 7| 9036 0.037 0.946 0033 0950 0.930 0.035
927 1P90-MOH | 31 M Ul 8.403 3473 0.026 0.92(0 0.026 0920 0.920 0.026
i 28 | -90-MOH | 3] M u3 4712 4.709 ‘0.021 0.948 0.020 0954 | 0954 0.020
929 PP.GO-NMOH | 5] N Tl 4968 5473 0.03% 0.926 0025 0.953 0955 0025
Q30 P9ONOH | R M T2 6.490 7.127 0023 0960 0.023 0.932 0.960 0023
U3 IPSOOMOH | & M T3 2.92% 3436 0.020 0935 0.021 0935 0933 0.021
Q32 IP-90-MO | 51T - M T 11.844 ¢ 15527 (032 0.940 0.031 0.941 0941 0.031
QIAPHO0NON | 5L M 1.2 4.076 4.582 0.031 0939 0.029 0547 0947 0029
D3 |P-ULMOH | 28 N HI 89135 10309 (1.024 093] 0.025 0946 0.951 0.024
YIS P-GEANOHT | 28 L8| L 12.481 13.363 0.042 0966 0,041 09066 0.966 0.041
936 (P9l -AOH | 28 NI L2 2394 18073 0.068 0.962 0.067 0962 0.962 0.us7
937 [P-91-MOH | 28 M 3 9.807 9927 0.042 0.936 0.04i 0.958 0.93% 0.041
VIR IP-OL-MOIT | 28 M Tl 26.618 10.945 0.072 0970 0.068 0973 0.973 0.068
Y39 P-9)-MOH | 28 M T2 23.052 13108 0.071 (.930 0.071 0.932 (4.932 0.071
0 [P-or-AOIT ] 28 M T3 17.066 12.854 0.066 0.920 0.065 0921 0.921 0.065
Vi P91-MOH | 28 h%] T4 9170 7.764 0.028 0.939 0.028 0.939 0.939 0.028
G2 [1P-91-MOH | 28 M TS 28656 | 26.090 0116 0.909 0.132 0,789 0.909 0116
943 P-91-MOH | 28 M Té6 25.727 | 25326 | '0.085 0.933 0.076 0.931 | 0933 0.083
WA P-91-MOH | 28 M 1.} 18.468 | 18.454 0.071 1978 0.069 0.980 0.980 0.069
9I3 PG MO | 28 M L2 17.321 18.072 0.059 0956 0.059 0.957 957 0059
946 |P-9{-MOH | 28 M 1.3 23307 13.363 0.056 0.951 0.034 0956 01936 0.054
W7 P-92-A50 | 55 M EIY 5.043 12.854 0.029 0.927 0.030 0926 0927 0.029
48 | P-92-AS5(y | 55 M V)] 17.703 11.199 0.049 0933 0.049 0982 0.983 0.049
W9 | P-92-AS0) [ 53 M u2 11.335 7.382 0.026 0933 0.025 0.2;'55 0.955 0.025
WSO P-92AS0 |55 M U3 7.133 8.655 0.028 0.959 0.029 0.9}6. 0.959 0.028
951 P P92.AS0 | 33 M Tl 6.750 13.873 0.046 0.962 0.041 0.967 0967 0.04]
92 P-92-AS0 | 33 M T2 4.585 5473 0.024 0.929 0.024 0.930 0.930 0.024
933 1 P-92-AS80 | 53 M L1 12,609 § 12.855 0.050 0.977 0.048 0977 0977 0.048
934 P-92:A80 | 55 M L2 9934 ]3.872 0.032 0.982 0.030 0.983 0.983 0.030
951 P-92-A80 | 33 M L3 [9.695 14.127 0.057 0.939 0.055 0.962 0.962 0.053
936 | P9-CHE | 40 M - HI 17.321 18.708 0.080 0.939 0.083 0947 0.947 0.085
957 1 P-93-CHE | 40 M U1 10.062 11.327 0.036 0.949 0.035 0.938 0.949 0.036
938 [ P-93.CHE | 40 M uz2 8.916 8.781 '0.037 0.981 0.033 09386 | 0986 0.033
9539 | P-93-CHE | 40 M U3 12.991 11.200 0.028 0.967 0.029 0.966 0.967 0.028
G601 P-93-CHE | 40 i Tt 23.052 | 14.000 0,063 0.969 0.063 ¢.970 0970 0.063
960 i P-93.CHL | 40 M T2 17.958 9.673 0.040 0.928 0.037 0.925 0.928 0.040
962 [ P-93-CHE | 40 M T3 20.632 9927 0.060 0.917 0.039 0919 0919 0.059
w63 [ P-93-CHE | 40 M T4 21.524 | 18.381 0.055 0.967 0.054 0.969 0.969 0.054
96 1 1-93-CHE | 40 M TS5 32222 | 25199 0.058 0.969 0.058 0.976 0.970 0.058
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Ko | Patient | Age |Gender [Region :t:li:r; ) I;[]::th'l (ifni} RZ (i:r; }' R Riinai iﬂ;:’l‘:;
9ns | P-93-CHLE: | 40 M i.l 15.028 17 308 0033 0.986 0032 0.986 {.986 0.033#
966 | P-93-CHE | 40 M .3 16.812 11.964 0.062 0.949 0.0690 0.951 0.951 0.060
G071 P03-10vA 1 22 M N 3477 3343 0003 0963 Q013 0,963 {1963 0013
:(\S P-94-UVA | 22 M 2 5349 6.873 0.024 0.928 0.023 0.930 0.930 0.023
969 1P-G4-UVaA | 22 M 13 8279 5.600 0.019 0971 0.019 0.973 0.973 0.019
HT0TP-O4-UIVA L 22 8| I'i 6.730 5218 0.025 0907 0.02] 0.930 0930 0.021
97t | PS4-UVA | 22 M T2 3.184 2927 0.027 0919 0.027 G919 3.919 0.027
972 [ P-94-UVA | 22 M T3 6.113 4.709 0.021 (1945 0021 0.946 0.946 0.021
WA IP-94-[VA | 22 hS| T4 7.003 4327 0.013 0968 0016 0.966 0968 0013
IQ_'.’J e G U N L) M L2 4330 3946 0.017 0948 0017 0948 0948 0017
Q75 | P-9d-LUVA | 22 M [.3 4330 4434 0.024 0983 0.022 0.984 0.985 021
976 [ P-129-1EL. | 43 I Ul 12.482 12.345 0.031 0.969 0.029 4973 0973 7| 0029
977 | P-129-1 43 F un2 12736 12.218 0.026 09352 0.027 0.951 0.9352 0026
GIRP-129-JEL | 43 F '3 13.373 12 855 0.061 0926 0062 (923 3,926 0.061
W P-129-JEL | 43 | L1 [1.84 ) 18.073 0.033 0975 0040 0.938 0.973 0.035
9RO TP-129-1EL | 43 F L2 11.590 16.163 0.048 (.929 0.049 0913 0.929 ().'.')43——1
981 [P-129-JFL | 43 F L3 9425 11.327 1 0.04] 0879 0.038 0505 0.903 0.038
GR2 [ P-129-F1L | 43 F .32 9934 10.308 0.041 0.964 (3.041 0.964 0.964 0.041
U83 {P-129-)100. | 43 [ .33 9207 11.581 0.051 0.964 O‘,Oﬁl 0.903 0.904 0.051
T)ﬂ-‘t P-130-VIV | A7 F Ul 33011 3818 0.051 0926 RIXIN 0916 0.920 0.051
T)Si P-130-Viv (3'.'; ¥ uz 1.636 2,545 0.020 0.935 0.019 0936 0.936 0.1
Y86 [ P-130-VIV | 67 I U3 28()27 : 2548 goly 0932 U.020 0.934 {934 UAU—-’_U——
9R7 | P-130-VIV | 67 i T2 12736 | 10945 0.054 0.766 0.042 0.900 (.901) 0.042
98K I P-130-VIV | 67 F T3 2[.651 12982 0.070 0.931 0.068 0.936 0.936 0.068
98 |P-130-VIV | 67 F LLA 5476 4,709 0.029 0922 0.026 0922 0922 0.029
990 [P-130-VIV | 67 t L2 3.821 4.073 0.017 0916 G.017 0.915 0.916 ().(II?
QU1 IP-130-VIV | 67 [ 1.3 3.948 5218 0.028 0.964 0.017 0.965 0.965 0.027
992 | P-131-SIT | 38 F H 8278 12.218 0.042 0.950 0.041 4.952 (.952 0,04?
993 : P-131-SITF | 38 F Ul |‘\ 8.024 12.854 0.043 0.962 0.043 0.963 0.963 0.043
994 | P-131-51T | 58 F uz2 7175,920 123544 0.041 0.966 0.040° 0.969 0.969 0.040
995 [ P-131-SIT | 58 F U3 8.406 10.436 0.027 0.926 0._028 0924 0.926 0.027
990\ P-131-SIT | 38 F Tl [E717 | 10054 | 0.04] 0.939 0.039 (1.945 0945 0.039
907 [ P-13[-SIT | 58 F T2 12.481 13.745 0.036 0.644 0.034. 0.948 0.948 0.034
998 | P-131-SIT | 38 F T3 10.188 | 12218 | 0.037 0.922 0.049 0913 0922 0.037
999 [ P.131-8IT S8 i L1 14646 ¢ 16.036 0.041 06921 0.04] 0921 0.9214 0.041
HWH0{ P-131-SIT | 58 F L2 8915 12.345 0.046 0910 0.046 0911 0911 0.046
100 P-131-SIT | 38 F L3 9.679 10436 | 0042 (0960 0.042 0.960 (G.960 0.042
HO02(P-132-ONG | 50 M L2 4458 7.254 0.025 0928 (.025 0.930 0.930 0.025
1003 |P-132-ONG | 30 M U3 5.22] 3472 0.028 0.947 0.028 0.947 0.947 0.028
1004[P-132-ONG | 50 M Tl 6.495 9.036 0.036 0,954 0.035 0.955 0.935 0.035
HIO5-132-ONG | 50 M T2 6.114 5.727 0.032 0934 0.032 0947 0.947 0032
10061P-132-0NG | 30 M I3 6.241 5346 0.030 (0.937 0.029 0,938 0.938 0029
1007(P-132-ONG | 50 M L2 5.222 4963 .023 0926 0023 0927 0927 0.023
m; | 3:?-()N(_'i_ 50 ]\,'_[ L L3 5.731 6.237 04019 0.958 0.019 0.959 0939 U.Ol?‘#
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No [ Patient | Age [Gender |Region ::iﬂ:l; }'(11::::;:1}1 (i“[ﬁ} R: {:;;) R; R ﬁ’;;l‘?;
1009 [P-133-51IB | 49 M Ul 14391 | 21.763 0.043 0.990 0.049 0988 0.990 0.043
HROIP-133-51UB | 49 MM L2 21906 | 964 0.080 4.994 0.085 0.993 0994 0.080¢
lais|P-133-5UB | 49 M U3 16.047 1 15017 0.073 0.959 0.075 0938 0.959 0.075
1012:P-133-5URB | 49 M Ui 34515 | 27.745 0.167 0.955 0.160 0.958 0.938 0.160
i013[P-133-50U8 | 49 M Tl 20251 | 25199 0.079 0.949 0.083 0.940 0.949 0.079
10141P-133-51B | .49 M T2 27580 | 11327 0.053 0.990 0.053 (1.989 0.990 0.053——
H015(-133-51B | 49 M 13 15283 | 11.200 0.034 0.950 0.034 0.946 0930 0.034
Hie(P-133-5UB | 46 M Li 30949 | 15.018 0.128 0.943 0.111 0.936 0.956 O]
1017|P-133-5UB | 49 M L2 21523 | 14.382 0.045 0921 0.046 0917 0.921 0.045
EOTRH-1353-8UB | 49 hY | [3 19338 | 13.363 0.050 911 0.064 0.855 4911 0.030
1619(P-134-J0H | 62 M Ul 11.717 | 22,526 0.052 (.986 0.043 0.989 (1.989 0.045
1020{P-134-10H | 62 M 2 13118 4 16036 0.044 0.968 0.042 0970 0970 0.042
1021 [P-134-J0OH | 62 M 8] 13.755 | .16.799 0.048 0.976 0.046 0977 0.977 0.040
-IU'_‘Z P-134-3001 | 62 M T1 12,100 14388 .0‘036 0.925 0.036 0922 | 0925 0.036
10231 134-JO01 | 62 M 12 5858 5.835 0.025 0910 0.023 6911 0911 0.025
H2HP-134-JOH | 62 M T3 4.839 6.109 0.029 0.928 0.029 0929 0.929 0.029
13237P-134-J0H | 62 M | 19.86% | 18.073 0.122 0.952 0.114 0.958 0.958 0.114
1026|P-134-JOH | 62 M L2 11.335 | 14127 0.029 (.938 0.031 0.986 0.988 0.029
10271P-134-0001 | 62 M 1.3 20.505 16.672 0.032 0.994 0.031 0.994 0.994 0.031
T8 P-135-RUS | 44 M H 11.081 7.000 0.024 0973 0.022 0.976 0.976 0.022
16261P-135.-RUS | 44 M 12 5.604 3982 0.022 0923 0.022 0924 0.924 0.022
NP IS-RUS | 44 h8 | U3 6.877 9.29] 0.033 0.967 0.033 w967 0.967 (.033
1033 [P-135-RUS | 44 M 12 9.042 10.363 0.038 0.943 0.038 0.947 4.947 0.038
TOR2)P-F35-RUS | 44 M T3 12226 | 12982 0.044 0,925 0.040 0933 (.933 0.040
TO3-F35-RUS | 44 M- i3 7132 3.855 0.055 0920 0.035 0920 0.920 0.055
HISH P-136-SA1 | 51 M 4] 11.335 | 13109 0.063 0.708 0.044 0911 0911 0.044
10331 P-136-5A] | 51 M u3 13.500 | 18.582 0073 0.934 0.071 (.940 0.940 0.071
1036{ P-136-SAl | 51 M T | 21.015 6.109 0.154 0916 0.134 (.932 0932 0.134
137 P-136-SAE | 31 M TI2 25.090 10.818 | ‘0.146 0.939 A 0.145 0939 | 0939 0.145
B - 136-5AF | 51 M T2 10953 | 16.036 0.036 0972 0.032 0978 0978 0.032
1039(1"-136-SAl | 51 M T3 29038 | 17.182 0.078 0.981 0.074 0.983 0.983 0.074
1640 P-156-SAl | 5t M L2 16.939 | 27.872 0.168 0953 0.16} 0.957 0.957 0.161
1041 P-136-5SA1 | 51 M L3 12.099 | 15400 0.112 0904 1 0.094 0.930 0.930 0.094
HH2EP-137-KRI | 57 M Ut 8915 10.436 0.036 (.948 0.036 0.949 0.949 0.036
W3 P-137-KR1 | 57 M UZ. 17.321 9.672" - 0.057 0928 | 0.061 0.923 0.928 0.057:
1044 !’-13?-]\' Ri-} -57 M U3 19.996 | 18.327 0.058 0.984 6.064 0.979 (984 0.058
1043 I’-I.‘??:KRI 57 M Tl 9.425 23.800 0.042 0.977 0.040 0.979 0979 0.040
e (P-T37-KRI | 37 M 13 15410 1 11.963 0.076 0.932 0.071 0.928 0932 0076
1047{P-137-KRI | 37 M LI 26.236 { 14.635 0.036 0993 0.043 0.991] 0.993 0.036
1048 | P-137-KRI | 37 M L2 25472 9418 0.027 0994 0,033 0992 0.994 0.027
049IP-137-KRI | 37 M L3 17.958 | 18.454 0.046 0.992 0.049 0.990 0.992 0.046
{0301P-138-BAH | 44 M Ul 18.722 | 14891 4.060 0.957 0.063 0.955 0.957 0.060
1031,P-138-BAI | 44 M u2 20377 | 15654 0.072 0.980 0.076 0.978 0.930 0.072
10521-138-BAH { 44 M u3 15920 | 13.872 | '0.072 0.959 0.065 0969 | 0969 0.065




No | Patient Age (Gender |Region t;ii:l; T;if]l;t {f:nzn RZ ‘i;‘n?” R R} inad [SI';;’I:‘:;
133 P-158-B3AH | #4 M Ti 37189 | 12.727 0.078 0.960 0075 0.6963 0.963 o735
1053 P-138-BAH | 44 M T2 16,444 | 13491 0.036 0.924 0.G35 0.933 0.933 (.053
1035 (1-138-BAH | 44 M T3 15793 28126 0.066 0973 0.066 0972 .973 0.066
10561P-138-BAH | M L1 14.390 7 29.272 ¢.070 0.989 6.078 0.986 0989 0.070
ST P-138-BAH | 44 M 1.2 14.901 14.127 0.086 0.934 0.083 0.937 G.937 (083
1058jP-138-BAH | 44 M L3 14010 § 16.800 G.071 0976 (.069 0.978 0978 0.069
1039|P-139-SAR | 27 F Ui 14.264 il.454 0.031 0987 0.031 1987 0987 0.031
10601P-139-SAR | 27 I L2 7133 8328 0.023 0.987 0.623 0986 (G.987 0023
W6l P-139-SAR | 27 F L3 20397 | 12345 0.051 0.994 0.051 0.995 (G99% 0041
1062[P-139-5AR | 27 F L32 12.865 10.182 0.049 0.989 0.049 0.988 0989 (049
- [0S IP-139-5AR | 27 F Tl 11.972 | 11.708 0.024 0.947 0.023 G953 (1933 0023
A 1064iP-139-SAR | 27 3 TS5 5477 5345 0.017 0.981 0.017 0.981 0.981 0017
63 IP-139-SAR | 27 F L1 14261 | 10436 0.022 (.958 0.021 0939 093¢ 10-031
—lf.'ﬁﬁ P-139-SAR | 27 F 12 18.722 16.673 6.052 0.962 0.050 0963 0.963 0.030
&7 P-139-SAR | 27 F L3 3.476 7254 0.022 0.926 0.022 01929 0.929 0.0.22
1068 P-T40-MUR | 25 M Ul 14137 | 13236 0.039 0.951 0.037 0.G33 (1.953 0.037
1069 - 1-40-MUR | 25 M u2 20887 | 15145 0.051 0959 0.048 0.963 0963 0.048
1070P-140-MUR | 25 M U3 10.189 | 23800 | 0.068 0.974 0.065 0977 0977 0.065
1073 P-140-MUR | 25 M TI 10,443 " 10818 0019 0.944 0.021" 0.931 0944 0019
1072 P-140-MUR § 25 M T2 3.170 11.072 0.045 0.970 0.042 0973 0973 7| 0.042
HOT3P-140-MUR [ 25 M 22 7.768 10,436 0.044 0917 0.043 0.921 09 01.043
1073 P-140-MIUR ) 25 M T3 6.622 6.746 0.021 0.967 0.02z2 {1,666 0967 0.02t
1075 P-140-MUR | 253 M Ll 11.843 7636 0.067 0.967 0.067 0967 0.967 0.067
1R6epP-140-MUR ; 25 M 12 33916 | 10.054 0.062 0933 051 {1,935 0.933 0.051
177P-140-MUR | 25 M L3 13.882 { 12472 [ 0.055 0.924 0.049 0.930 0.930 0.049
1078 [P-141-AHA | 46 M H 13.373 7.000 0.026 0977 0.025 0978 0978 0.023
HOT9P-141-AHA | 46 M H2 6.368 5473 0.020 0.971 0.020 0.97i 0971 0.020
1080 - 141-AlA | 46 ’7 M ul 7.387 18.326 | 0079 093t 0.073 0.938 0538 0.073
{ORT|P-141-AHA | 46 M L2 10.316 § 11.072 0.043\ 0.960 0.047 0961 0961 0.047
10821P-141-AHA | 46 M us3 5986 8400 0043 | 0917 (.044 0912 0917 0.043
083 |P-141-AHA | 16 M Tl 17.066 | 24818 0.046 0.962 0.059 0.965 0965 | 0.039
1684 -14F-AHA | 40 M T2 21.524 | 16418 ¢.051 0.954 0.051 0953 0934 0.051
1085 |P-141-AHA | 46 M T3 13373 | 20.363 0.043 0.946 0.043 0946 0.946 0.043
1086 1P-141-AHA | 46 M T4 36.679 ' 28.381 0.058 0.989 0.063- | 0986 0.989 0.058
1087 P-131-AHA | 46 M LE 11.081 | 24.054 | 0.047 6973 0.047 0977 0977 0.047
1088 P-14E-AHA { 46 M L2 9934 11.836 1 0.038 0954 0.038 0.954 .954 0.638
1089|P-141-AHA | 46 M L3 23434 | 12600 0.063 0.969 0.663 0.969 0.969 (0.0:63
1050 P-142-MAR § 55 I U2 4967 8.399 0.052 0.904 0.085 0.745 0.904 0.052
1091 P-142-MAR | 55 F U3 5222 4327 0.035 0.976 0.036 0973 0976 0.035
1092 P-142-MAR | 33 F L1 17.448 | 13.363 0.030 (4.962 G.031 0.963 0963 0.031
TU‘)S -142-MAR | 35 3 L2 6.114 6.236 0.020 0.988 0.020 0988 0.988 0.0290
1094 P-[42-MAR | 35 F L3 7.642 16.545 0.082 (.950 (.07t 0958 0.958 0.071
1095 P-71437Rf\.l 46 M Ul 9 806 G418 0.024 0.962 0.025 0.960 0.962 0.024
l_!f]@(} P-|‘43-RA.I 16 M 12 5.986 8.635 0.03] (937 0.03] 0938 0938 0.021
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No | Patient | Age {Gender [Region \('\n_:gil)] }([;i;?)i (i:[';) R (:;JI::I) RZ R}izai i‘;:;’]‘;;
97| P-143-RAL | 46 M us 5476 6.364 0.040 0967 0.040 0.966 (6967 0.040
m P-143-RAD | 46 M Tl 14901 12.982 0.028 0977 0.029 0973 0.977 0.028
1G99 P-143-RAT | 46 M T2 9_532 10.200 1 0.031 (.962 0.030 0.964 0.964 0.030
r_;li(l P-143-RAL | 46 M 13 34769 | 14.763 0.046 0.970 0.046 0.970 0970 0.046
o |P-143-RAN 1 406 M L1 6.368 9.037 0.034 0913 0.034 0912 0913 0.034
o2 P-143-RAJ | 46 M 1.3 4712 3218 0021 0.909 0.021 .910 0910 0.021
HMo3P-144-E8M | 63 I Ul 10.571 15.909 0.039 0972 0.057 0.949 0.972 0.059
HO4P-144-15M | 63 F U2 7.387 17.182 0.040 0.984 0.039 0983 0.985 0.036——
HO3|P-144-ESM | 63 F us 9.807. | 7.255 084 0.954 0.078 0.960 0.960 0.078
THw (P-144-1SM | 63 ¥ 1.1 17376 | 13.743 0.047 0914 G047 0.918 0918 0.047
HaZip- 144250 | 63 3 L2 32.094 12,343 0.034 0.950 0.033 09534 -0.954 0.033
HIOSIP-144-E5M | 63 F 1.4 33369 | 27490 0.1 0962 "0.103 0935 0.962 G101
TIO9P-145-MUIT| 26 M H 7.387 7.891 0.030 0.928 0.029 0.930 (1930 0.029
TRIGP-H3-MEHT 26 M Ut 4.331 4327 0.030 0.931 G030 0931 0931 0.030
FLELP-AA-MUTE] 26 M 12 1.967 4,327 0.036 4947 0.037 0.946 1.947 0.036
ﬁ P43 -1\1[.’; 26 \%) L3 £222 71 A28 0.039 0.941 0.039 0.942 0942 0.039
‘_l—!_i IP-T45-MUH | 26 M TI 10.062 8.400 0.057 0941 0.034 0950 | 0.950 0.034
TTIAP-T45-MUH] 26 M T2 8915 7.890 0.033 0.958 0.052 0.959 0.939 0.052
HHEP-143-MUN 26 M T3 12100 8.782 0.069 0.954 0.067 0936 0.936 0.067
ITE6P-145-MUN | 26 M LI 5094 5472 (.042 0937 0.040 0.944 0.944 0.040
TH7P-145-MUH| 26 M L3 3221 3.182 6.034 0.973 0.033 0.974 0.974 0.033
TR P-T46-SAK | 48 M Lil 12991 12 834 0.038 0.936 0.037 0.956 0936 0.037
I P-146-SAK | 48 M uz2 20504 | 21.254 0.064 0980 0.068 0.976 0.980 0.064
HI2OIP-146-SAK | 48 M U3 20.505 | 17.944 0.050 0.947 0.691 0.945 0.947 ¢.090
TI2UP-146-5AK | 48 M Tl 7.515 6.618 | 0.033 0929 0033 0929 0929 0.033
rl 122 146-5AK | 48 M T2 19,486 | 25,708 0.054 0.960 0.053 0.963 0963 Q033
23 (P-140-5AK | 48 M 13 22925 1 10436 1 0039 0.956 0.038 0.959 0.939 (1038
1124{P-146-SAK | 48 M L1 16.939 §{ 21.890 0.051 0.971 0.049 0.973 0973 | 0.049
TE25HP-147-THE | 50 M uz F5.538 11.709 0.052 0.955 0.053 0.954 0,935 0.052
H26)P-147-THE | 50 M TL | 13.118 8.018 0.026 0.991 0.026 0.991 0991 0.026
H273P-147-THE | 50 M T2 14.519 8.399 (.029 099 0.028 0.992 0.992 0.028
T2RIP-147-THE | 50 M T3 17.194 | 10,436 0.055 0.985 0.056 06.984 | 0985 0.055
| EE‘; P-147-THE § 50 M T32 18.849 | 10.309 (.058 0.971 0.057 0.973 0973 |-0.057
H30P-147-THE | 30 M LI 14.647 | 17.945 0.046 0.984 0.044 .J 0.986 0.986 -0.044
TISHIP-T47-THE | 50 M L2 11.335 | 18964 0.056 0.963 0.057' '_ 0.960 0.963 D.056
[132{P-147-THE | 50 M L3 7 [ IB=¥67 | 17.436 0.033 0954 0053 0.955 0935 0033
HA3P-T48-AHM | 33 M H 8279 i1.836 0.028 0937 0.027 4.940 4.940 0.027
H34-148-AlIM | 33 M Ul 14010 | 25708 0055 0976 0.056 0975 0976 0.055
133 148-AHM | 33 M U2 [7.193 10.690 0.057 0.944 0.057 0.943 0.944 0.057
H36P-148-AHM | 33 M U3 25.090 15273 0.075 0.99 0074 (.991 991 6.074
H37)-148-AFM | 33 M Tl 36425 | 10.6%1 0.049 0.985 0.051 0984 0.985 0.049
1138pP-148-A1M ) 33 M T2 22415 | 16.672 0.078 0.954 0.079 0.9353 0.954 4.078
1139P-148-AHM | 33 M T3 39.099 | 11.582 0.071 0.921 0.072 0.919 0.921 0.071
1140P-148-AHM | 33 M L1 15.028 | 27.490 0.097 0961 0.090 0.966 0.966 0.090
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Width Height Saz
{mm) () ()

‘y&i -1AB-ALINE | 35 M 1.2 29929 | 21.636 | 0.093 0.98% 0.097 0.988 (098G 0.09%
1142 h] 48-AHM| 33 M L3 13.50%7,490 0.091 0.951 0.089 0.954 0954 1.089
FI43IP-149-HAS | 28 M H 153028 3 10945 0.028 0.973 0.027 0.973 G.973 0027
[144|P-T149-HAS | 28 ]_M L2 3.948 3606 0.024 0.928 0.023 0924 0.928 0.024
1145 (P-149-HAS | 28 h U3 3439 { 3691 0.016 0.962 0.018 0962 0.962 0.018

50‘3 Rz R S,rmui

No | Patient Age Hoender JRegion RZ () : Finar (i

fH6P-149-HAS | 28 | M | 11 6496 { 3091 | 0039 | 0929 | 0038 | 0930 | 0930 | 0.038
11470p-139-HAs | 28 | M| T2 | 4457 | 4836 | 0031 | 0926 | 0031 [ 0927 | 0927 | 003
i148]P-149-HAS | 28 | M | LI 9.170 | 9799 | 0031 | 0926 | 0032 | 0927 | 0927 | 0.032
1149[P-149-4AS | 28 | M| L2 | 3.821 [ 3436 | 0021 | 0940 | 0021 [ 0941 | 0941 | 062
ol i0iAs | 28 | M| 13 ] 4205 | s345 | onzs | 0973 | 0027 | 097 | 0973 | 0
NSEP-1S0-MOM| 51 { M | Ul [ 4840 | 5981 | 0.019 | 0937 | 0019 | 093 | 0937 | 0.019
1152P-150-MOH 51| Mo uz | 6750 | 6236 | 0015 [ 0907 | 0015 | 0909 | 0909 | 06IS
DSIP-IS0-MOM| ST D M| U3 | 2802 | 2673 | 0019 | 0950 | 0019 | 0919 | uso | ooy
Psap-aso-mong st oM | T 20071 | 4508 | oode | 0975 [ 0046 | 0973 | 0973 | nime
NMSSPISo-MOH] st | M | T2 | 11335 | 17691 | 0038 | 0956 | 0038 | 0957 | 0957 | 0038
iseb150MOoHl St | M| T3 | 11717 | 19218 | 0.046 | 0954 | 0.047 | 0952 | 0954 | aod
1157P-150-MOH | 51 f M| L1 | 24963 | 10945 | 0041 | 0976 | 0039 | 0978 | 0978 | 0.039
PISSP-IS0-MOH| St | M [ L2 16302 | 16418 | 04023 | 6993 | 0022 | 0993 | 0993 | 0.022
IS9P1s0 MO | s1 4 M| 13 | 20887 ) 8145 | 0024 | 0993 | 0023 | 0994 | 0.994 | 0023
Neo[P-151-ROS | 51 | F 1" 4457 | 3818 { 0022 | 0947 | 0022 | 0947 | 0947 | 0022
nefersi-ros | 511 F H2 | 4203 33;4 0.029 | 0857 | 0021 L0901 0901 | 0021
I E—— N - |
HO2P-ISI-ROS {5100 8 UL | 12481 [ 13009 | 0.047 | 095 | 0.048 | 0959 | 0939 | 0.048
He3PASEROS T 51 ] ¥ | U3 | 16302 [ 13618 | 0.056 | 0930 | 0055 | 0933 | 0933 | 0053
(62 IP-151-ROS | 51| F U4 ) 15538 | 12,000 | 0.047 | 0965 | 0.045 | 0968 | 0968 | 0.043
es|PISIROS | 51 | F | US| 11589 15.109 | 0031 | 0963 | 0032. | 0938 | 0963 | Go3l |
Hloo|P-158-ROS | ST | F Us | 15156 | 16163 | 0028 | 0987 | 0.028 | 0986 | 0987 | 0028 |
Ne7[Ps1-ROS | 5t 1 F T | 12736 | 9535 | 0033 ] 0987 | 0032 ; 0988 | 09ss | 0032
NesIP-ISIROS | 51| T T2 | 6625 | 11327 | 0019 | 0981 | 0019 | 098l | 0981 | 0.019 |
[1169]P-1SI-ROS ) 51§ F 1 T3 | 14519 | 15527 { 0066 | 091t | 0064 | 091 | 0916 | 0064
[HITO[P-ISI-ROS | 51| F T4 | t1462 | 17563 | 0041 | 0983 | 0.042 | 09827 0.983 0041 |
N7HP-ESI-ROS | 51| F | T3 | 9425 | 11964 | 0.038 | 0950 | 0035 | 0957 | 0957 | 0.035
H72PISI-ROS | st ] F | T6 {21906 | 12727 | 0049 | 0959 | 0.049 | 0945 | 0959 | 0.049
H73|P-1SI-ROS | 50 ) F | Lt | 13882 | 21000 | 0056 | 0976 | 0.057 | 0959 | 0976 | 0.036
1H74[Pas1TROS | St ] F | L2 | 9680 | 12472 | 0060 | 0940 | 0036 | 0946 | 0946 | 0.056

Hs|P-151-ROS | 51 F L3. 11.717 | 14382 | 0.037 0.984 0040 0981 0984 0.037
76| P-132-8IT | 39 F H 9.680 3.982 0.037 0.956 0.037 0936 0.936 0.037
11770 P-152-SI7 | 39 F Ul 14.901 16.163 (.037 (.967 0.036 0.969 0.96% 0.036
Hl!_l‘g?-l 32-8IT | 59 F Lz 12.227 7.763 0.049 0.942 0.049 0.942 (0.942 (0.049
i‘i P-152-SIT | 59 F—H U3 23434 1 [2472 | 0072 0.922 0.070 0.923 (.923 0.070
H80| P-132-SIT | 59 [ Ti 6.113 | 10436 | 0043 0947 0040, 7 0.956 0.956 0.040
P-132-SIT | 59 F T2 33623 | 10364 | 0030 0.932 0.056 0514 0.932 0.050
P-132-8IT | 39 [ T3 19.61? 28127 0.046 0931 0.046 0933 0.933 0.046

P-152-SIT | 39 F L1 11.081 16.290 0.034 (.960 0.033 0961 0961 0033
S zrer | = . ‘(_‘ - ! - P R
P-152-81T t 59 ! L12 (2609 ¢ (3490 | 0036 0.973 N 0.040 LU 964 0.973 0.036 J
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{ No { Patient | Age [Gender JRegion .::"Ig:l; I::‘::I‘?:;! (f;;;) R {i‘:n;) Ri Rfinal (5;;;:;;
NSS|P-132-SIT | 59 1 F ] 12 | 9043 | 8400 | 0042 | 0956 | 0042 | 0936 | 0936 | 0042
el paasiT | 9 1 F 13 ] 11972 ) 10690 | 0062 | 0959 | 0062 | 0959 | 0959 | 0.062
N87P-1S3-ZUR | 30 | F L Ul | 4203 | 4454 | 0029 | 0929 | 0030 | 0926 | 0.929 | 0.029
8sP-153-ZUR | 30 | F [ U2 | 4967 | 8909 | 0.026 | 095t | 0025 | 0953 | 0953 | 0023
ngelp-1s3-ZUR | 31 | F Lt | 7005 | 10363 | 0017 | 0995 | 0017 | 0995 } 0995 | 0017
H90lP453-ZUR [ 31 | F | L2 | 6241 | 5345 | 0023 | 0970 | 0023 | 0969 | 0970 | 0023
(RNPA53-ZUR | 31 | F | L3 | 4458 | 5090 | 0.022 | 00958 | 0022 | 0957 | 0958 | 0022

MB P-ES-GUNT 34 | M| HI | 6878 | 7508 | 0016 | 0909 | 006 | 0915 | 0915 | 0016
NOP-IS4-GUN | 3¢ | M| Ut | 7514 | 9290 | 0022 | 0961 | 0020 | 0964 | 0964 | 0020
nedp-s4GUN D 34 1 ae L u2 | e7s0 | 10054 | 0051 | 0970 | 0051 | 0969 | 0970 | 0051
NS ISEGUNT 34 1 M | U3 | 5603 | 4836 | 0036 | 0912 | 0036 | 0911 | 0912 | 0036
N9elP-154-GUNY 34 | M| T1 ] 23944 | 14000 | 0066 | 0944 | 0.067 | 0942 | 0944 | 0066
o7 I5GUN| 34 | M | 12 | 21014 | 12472 | 00ss | 0933 | 0055 | 0933 | 0933 | 0053

o GUN | 34 | M| 72C | 30439 | 123% | 0052 | 0993 | 0053 | 0.992 0.993 | 0.032
HooP-154-GUN D 34 | A | 12D | 18899 | 19.599 | 0.045 | 0939 | 0.047 | 0935 | 0939 | 0045

[1200PISEGUN| 38 | M| T2E | 17320 | 21127 | 0.090 | 0953 | 0042 | 0946 | 0953 | 0040
201p-154-GUN| 3¢ | M | T3 | 5604 | 6490 | 0.024 | 0960 | 0.024 | 0960 | 0960 | 0.024
r2oal-isd-Gun g 34§ oM L onr § 22543 ) 8781 | 0.030 | 0984 | 0030 | 0985 | 0985 | 0.030
DO3P-1S4-GUN| 34 | M [ LIB | 21778 | 14.636 [ 0.029 | 0980 | 0031 | 0978 | 0980 | 0.029
204P-154-GUN | 34 1 M- | 13 | 11972 | 19218 | .0.046 | 0950 | 0043 | 0960 [ 0960 | 0.043
0sPsSNOR L 40 [ oM [ ur f o425 | 14508 [ 0.023 | ooge | 0023 1 0987 | 0987 | 0.023
200P4SSNOR | 41 | M | U2 [ 11208 | 9672 | 0051 | 0939 | 0052 | 0938 | 0939 | 0.0s1
2715 NOR| 41 | M| U3 | 8660 | 7255 | 0.029 | 095 | 0028 | 0945 | 0954 | 0020 |

1208[P-1SSNOR | 41 | M| U4 | 15410 | 12218 | 0057 | 0970 | 0037 | 0969 | 0970 | 0.037
1200P-1SS-NOR | 41 | M [ T | 14265 | 9164 | 0050 | 0933 | 0049 | 0935 | 0935 | 0049

[1200P-ISS-NOR | 41 { M| T3 T 1LOSI | SO81 | 0.042 | 0948 | 004 | 0933 | 0938 | 0.042
UP-ISSNOR |41 [ M | 14 [ 31,076 | 27.363 | 0061 | 0964 | 0085 | 0969 | 0969 | 0.085
202 055-NOR {41 | M| LS f 35024 | 26981 | 0035 | 0995 | 0074 | 0976 | 0995 | 0.033
pase-lAB | 38 | [ ur | 6291 | 6237 | 0019 | 0987 | 0019 | 0987 { 0987 | 0.019
1204P-156-11AB [ 38 | F U2z | 5732 | 8327 | 0025 | 0846 | 0025 | 0947 | 0947 | 0.025
205@-156-HAB | 38 | F ] U3 | 10971 | 17.182 | 0.017 | 0995 | 0017 | 0994 | 0995 | 0.017
P21efP-156-HAB | 38 | F | L1 | 7.768 | 10.691 | 0034 | 0953 | 0033 | 0955 | 0955 | 0.033
i217)P-156-HAB | 38 | F | L2 | 9424 | 11200 | 0022 | 0980 | 0021 | 0982 | 0982 [ 0.2

(1218[P-156-HAB 1 38 | F | 13} 5222 | 6745 [ 0014 | 0913 | 0011 | 0908 | 0913 | 0014
(2U94P-157SET | 62 | M| UL | 17194 | 16291 | 0038 | 0959 | 0039 | 0955 [ 0959 | 0.038
1220P-157-SEF | 62 | M | U2 | 6240 | 8146 | 003i [ 0982 | 0029 | 0983 | 0983 | 0.029
120|P-157-SET [ 62 | M | U3 [ 4203 | 6618 | 0035 | 0962 [ 0035 | 096! | 0962 ! 0.035
1202[P-157-SET 1 62 | M [ T | 7.005 | 9418 | 0026 | 0904 | 0.026 | 0905 } 0905 | 0.026
12234P-157-SET | 62 | M} T2 | 6878 | 7.891 | 0023 | 0945 | 0023 | 0948 | 0948 | 0.023
12M4|P-157-SET | 62 | M 4 LI | 8915 1 10436 | 0026 | 6957 | @025 | 0959 [ 0959 | 0.025

| 1225|P-157-SFT 62 | M | L2 | 13628 | 16927 | 0046 | 0955 | 0046 | 0957 | 0957 | 0.046
1226(P-[57-SET | 62 [ M | L3 | 16048 | 25326 | 0055 | 0977 | 0053 | 0980 | 0980 | 0.053
227P-157-SET | 62 | M | L3B | 18849 | 20744 | 0062 | 0982 | 0058 | 0985 [ 0985 | 0.058

(1228]P-138-SEL } 46 | M | H | 15920 | 10818 | 0041 | 0929 | 0.045 | 0917 | 0829 | 0.041 |
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N ‘ T Widie | Heshe | S, . . S . Sronar
S PTIN ap s der . = az 2 2.3 2 2 Tin

No| PatieatAge Gender Region [ (mns) k2 {mm) Rs Riiat | (um)

1229|P-138-Sk:L | 40 M L' 17448 13654 0.041 \;3.963 0.038 0.963 0.963 {.038

1230|P-138-SEL | 46 M oz 16.684 14.636 0.029 0.981 0.029 0.98u 0981 (J.OZ‘?_‘
1231 {F-158-5F1 ;!(1 M U3 24 580 14 509 0030 0 847 0.039 0.969 (.969 0.039
1232{P-138-SEL | 46 i T2 18.335 8.143 0.034 0.962 0.032 09069 0.969 0.032

Alrsss ] —— - - -
1233[P-158-SFEL. | 46 LM L1 9.934 4 8909 0.030 0.963 0.028. 0.980 0.980 0.028
P2348P-158-SEL § 46 M [ ) 7.387 8.782 0.023 0974 0.022 0975 0.973 0022
1235)P-139-RAJ | 51 M H 7.387 8.273 0016 0.984 0.017 0.984 0.984 0.G17

1236|P-139-RAT | 31 M L 21.269 6.873 0.044 968 0.038 0974 0974 0.038
1237|P-F39-RAd | 51 MM 12 10386 | 18709 0.039 09635 | 0036 0967 0967 1.036
{238[P-159-RAJ | 5 M U3 9.53) 13,236 0.025 0.994 0.028 0992 0.994 0025
12391P-159-RA0 | 31 M L1 16811 j. 15.527 0.046 0.974 0.039 0.U83 0.983 0.039
12OIP-159-RAT | 31 M L2 26618 | [1.964 0.075 0.96% 6.070 0.971 0.971 0.070
1241 P-139-RAT | 3] M L3 13755 | 16290 0.033 0.969 0.032 0.968 0964 0053
124201 66-SAN | 35 F H l—ﬂﬂ? 9163 0.045 0955 0.044 0937 0.957 0.044

1243 P-[60-5AN 35-_‘ F U 13.627 | 23545 0.033 0.984 0.051 0.986 0.986 0.031
1244|P-160-SAN | 35 F uz 10443 | 10.182 (1049 0977 0.04% 0.977 4.977 0.049
12451P-160-SAN | 35 F U3 21.014 72455—1 0.037 0.972 0.035 0975 0975 0.()3?]
0.980 0.032

1246[P-160-SAN | 35 | F | Uf | 24.198 | 26726 | 0050 | 0979 | 0052 | 0980
12471P-160-5AN | 33 ?LL 16047 | 25962 | 0051 | 0946 | 0052 | 0945 | 0946 | 0051

1248 [P-160-SAN | 35 E T3 4.839 .} 3946 0.015 0957 0020, | 0940 0.957 0.015
T:‘I; P-160-SAN | 35 3 L.t [2.482 | 19.080 .03 0.980 0.034 0.980 (0.980 0 ()34_
1250 [P-1ou-5AN | 35 + [.2 28900 | 18.708 0.042 4993 0.042 0993 0.993 0.042 R
1251|P-160-SAN | 35 F L2B 18468 [ 18199 0.037 0.989 0.040 0987 0.989 FF(IE
12321P-160-SAN | 35 F . L3 6.368 [3.272 0.041 0.929 0.040 0.931 0.931 0.040
1233{P-F60-SAN | 35 L4 26363 ¢ 18,582 0.051 0978 0.052 0.977 (978 0.031

H 6113 8655 0.026 0.965 0.026 0.964 0.965 0.026
Ut 13717} 12345 0.039 1985 0.038 0.986 0.986 0.038
uz 3.349 8.527 0.023 0.921.0.022 0.928 .928 (.022
U3 5222 3.981 0.030 0.940 0.031 (3.940 0.940 0.031

018 0.034 0922 0035 0919 0.922 0.034

tosa-16l-RAM | 36

1255P-161-RAM | 306
1256P-161-RAM | 36
I257F’-IGI-RAM 56
1258 P-F61-RAM | 36

.
M
M
M
M
M
1259P-161-RAM | 56 M 254 0.017 0971 0.018 0.971 0.97] ﬂ.UILl
1260P-161-RAM | 36 M L2 25599 | 11.582 0.064 09735 0.059 0.979 0.979 (.039
M
M
F
.

1261 P-161-RAM | 56 L4 | 31330 | 27618 | 0058 | 0947 | 0068 | 0948 | 0948 | 0.068
1262]P-162-BAL. | 41 L22 | 12226 | 14763 | 0075 { 0979 | 0.061 | 0.985 | 0985 | 006!
1263[P-163-NOR.|. 29 H3 | 10316, 10563 | 0049 | 0968 | 0049 | 0066 | 0968 | 0049
1264[P-163-NOR | 29 U22 | 4840 | 6490 | 0028 | 0961 | 0028 | 0961 | 0961 | 0028

1265iP-163-NOR | 29 F usi 7.387 8.634 0037 0.939 0.032 0924 0.939 0.037
1266 P-164-LOW | 68 M T21 18972 | 16.036 | 0.630 0920 0.031 0918 (0.920 0.036
R

1267|P-165-BAL | 48 M H2 9.043 4964 0.030 0.699 0.033 0911 0.811 0.035
12681P-165-BAL | 48 M T32 16175 ] 16.036 | 0.049 0948 0.05t 0.943 0.948 0.049

1269 |P-165-BAL. 48—] M L1 [9.613 | 20.491 0.050 0.963 0.053 0.939 0.963 0.050
I_IZ?(} P-166-TEQ | 58 M 1131 3439 3.034 0.016 0.940 0.016 0939 0940 0.016
P7LP-167-SAN | 33 M HI 5.477 5.345 0.028 0937 0.027 6937 0.937 0.027

P-1608-NAG | 43 M T42 J_S.E?‘) 9418 0.026 0.940 0.027 0.936 0.940 0.026

S0 |

S
1272

L3
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No | Tatiem | Age [Gender jRegion :::ﬁ:}; [_l[:jf;l (ifni] RZ (5;1,'13]) R ) " Riinat l(S‘I{I"l;’l!:;
1273-168-NAG | 43 | M | T52 | 14773 | 11709 | 0028 | 0948 | 0029 | 0945 | 0948 | 0.028
1274 P-17081E | 56 | M HI 6496 | 6745 | 0040 | 0937 | 0038 | 0942 | 0942 | 0.038
12751P-170NGS | 64 | M| TID | 3430 | 4073 | 0022 | 0912 | 0023 | 0512 | 0912 | 0023
1276{P-172-SUK | 35 | M | LS2 | 38080 | 24181 | 0087 | 0511 | 00118 | 0508 | 0411 | 0.087
(277P-173-WON| 82 | M | UI2 | 6368 | 4582 | 0030 | 0927 | 0031 | 0918 | 0927 | 0030
P278P-173-WON| 82 | M | T22 | 6878 | 13872 | 0045 | 0926 | 0040 | 0943 | 0943 | 0.040
rpari-won] 82 | oM [ L2 | 5222 | sam 1o co3s | 0973 | 0036 | 0973 | 0973 | 0.036
EOP-17I-WON] 82 | M| L3t 5477 | 6491 | 0034 | 0925 | 0034 | 0924 | 0925 | 0.034
1281P-176-ADH | 34 | M| TN 5604 1 7636 | 0042 | 0811 | 0032 | 091 | 091 | 0032
2s2P-176-ADHY] 34 | M| T2 5340 § 7127 | 0033 | 0928 | 0033 | 0921 | 0928 | 0.033
I2M3-176-ADH | 34 | M {112 ( 7.769 | 7381 | 0033 [ 0957 | 0031-! 0961 { 0961 | 0031
1284P-1TT-MAH| 45 | M | 131 | 19996 | 9418 | 0092 | 0921 | 0093 } 0921 | 0921 | 0.0%
ERSP-179-AAL [ 30 | ¢ [ uiz | 17448 | 11836 | 0090 | 0939 | 0090 | 0938 | 0939 § 0.000
1280 -181NAK | 55 | M| 112 | 11463 | 15654 ] 0034 | 0964 | 0034 | 0964 | 0964 | 0034
12x7p-1g2-wON| 68 | M U3z | 3820 | 3818 | 0022 | 0918 | 0022 | 0018 | 0o1s | 0022
ekl 1RINFR | 63 | M L1210 | 13882 | 14234 | ons2 | 0938 | 0052 | 0939 | 0939 | 00%2
1289P-185-LOO | 71 F M U3z | 7005 | 6618 | 0045 | 0936 | 0042 | 0945 | 0945 | 0042
1290 184-RAT | 28 1 F fu22 | 14774 | 11327 | 0076 | 0902 | 0077 | 0303 | 0903 | 0077
1291 P-184-RAT | 28 1 ¢ [ 132 | 14519 | 15045 | 0058 | 0904 | 0058 | 0905 | 0905 | 0.038
1202[P-187-TAN 31 | F | TI1 | 11.845 | 8909 | 0077 | 0918 | 0074 | 0921 | 0921 | 0074
1293 187-TAN { 31 Fol 132 | 16047 | 11709 | 0045 | 0942 | 0043 | 0945 | 0945 | 0.043
1293 187-TAN | 31 F | Ts1 | 7896 | 8400 | 0056 | 0905 | 0054 | 0905. | 0905 | 0.054
1203 187-TAN | 31 Fool w2z | 11580 | 10054 | 0039 | 0930 | 0038 | 0933 | 0933 | 0.03%
129[P-187.TAN | 31 | T | L31 5730 | 6237 { 0039 [ 0757 | 0033 | 0903 | 0903 | 0033
1297P-188-MOH| 28 | M [ Ul | 8533 | 9927 | 0039 | 0945 | 0038 | 0949 | 0949 | 0038
12osp-188-mOH| 28 | Mo ju2t | 2675 | 3436 | co017 | 0957 | 0017 | 0935 | 0957 | 0.017
1209)-188-MOH | 28 | M | Li1 | 8915 | 7509 | 0.047 | 0963 | 0049 | 0960 | 0963 | 0.047
1300P-188-MOH| 28 | M| L3I 8661 | 10181 | 0034 | 0908 | 0041 | 0904 | 0908 | 0.034
1301P-189-MOH| 74 | M | T62 | 10316 | 4836 | 0022 | 0940 | 0022 | 0940 | 0940 | 0.022
1302p-1R9-MOM| 74 | M [ 172 | 7260 | 7.000 | 0024 | 0928 | 0024 | 0928 [ 0928 | 0024
03P-190-0MA L 28 | M [ w21 | 11335 | 14027 { 0039 | 0945 | 0037 | 0951 | 0951 | 0.037
304P-190-0MA| 28 | M | U43 | 40119 | 29145 | 0441 | 0975 | 0146 | 0956 | 0975 | 0.141
1305P-190-OMA] 28 | M ITi6l | 39600 | 29527 | 0122 | 0821 | 0126 | 0905 | 0905 | 0.126
306P-190-OMA] 28 | M § T21 | 18467 | 14254 | 0082 | 0922 | 0083 |-6921 | 0922 | 0082
B07P-190-OMA | 28 | M [ LI2L | 36043 | 28254 | 01356 | 0918 | 0444 [ 0931 | 0931 | 0144
308P-190-0MA] 28 | M [L162 | 19231 | 10182 | 0070 | 0933 | 0069 | 0933 | 0935 | 0070
1309P-190.0MA | 28 | M L1722 | 17703 { 12727 | 0079 | 0774 | 0094 | 0928 | 0928 | 0.09%
I31I0[P-191-AL1 | 36 | M | U32 | 1006t | 3564 | 0041 | 0906 | 0041 | 0912 | 0912 | 0041
I3U{P-191-ALL | 56 | M | T4L { 1006F | 10181 | 0040 | 0924 | 0040 | 0925 | 0925 | 0.040
1302P-193-uME | S0 | K | uzz ] 5349 | oed91 | 0025 | 0972 | 0020 | 09571 | 0972 | 0.025
1313(P-193-UMI | 50 | F | T4l | 8660 | 8399 | 0049 | 0905 | 0.040 | 0907 | 0907 | 0.040
1314P-195-DEV | 42 + F | T8I | 23.943 | 28381 | 0054 | 0924 | 0055 | 0917 | 0924 | 0054
1315|P-162-BAL | 41§ M [ U3 | 7769 | 7128 | 0035 | 0948 | 0033 | 0955 | 0955 | 0033
(316[P-167-SAN | 33 | M | Uil | 4203 | 4836 | o041 | 0913 | 0040 | 0917 | 0917 | 0.040
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v [ e oo e [ S0 T [ 8 T S | e [ s |
IP-168-NAG ] 43 | M T2 11208 [ 3980 | 0.033 ¢ 0964 | 0032 | 0966 | 0566 | 0.032
PSP-168-NAG] 43 1 Lt 9.679 7.763 002;{:).973 0.023 6975 | 0973 | 0023
1319P-169-DUW | 5] M| L2 3604 | E1L709 | 0037 j 0.961 QU6 | 0963 | 0963 | 0.036
320 p-169-DUW | S Al T 16,939 | 13490 | 0024 | 6970 | 0025 [ 0970 | 0970 { 0025
320P169-DUW] 51 | M| T2 17321 | 14.636 | 0021 | 0926 | 0.023 0.901 0926 | 0021
1322P-169-DUW | 5§ A 131 16,811 1 16800 | 0026 | 0991 0024 | 0992 { 0992 | 0.024
1323 1}-17{)-511?%»5(, M U1l 4840 | 6.873 | 0039 | 0969 | 0037 | 097 0971 0.037
1324 P-170-SIF § 56 | M U21 6368 | 8527 | 0027 | 0967 | 0029 | 0963 | 0967 | 0.027
I325)P-I70LS0E | 36 | M 131 5095 [ 4709 | 002 | 0973 | 0026 [ 0974 | 0974 | 0.026
F326) PA1T70-SIE | 36§ M L2l 8024 | 9672 | 0033 | 0923 | 0032 | 0926 | 0426 | 0032
s pozosie | se | on | LSl 1717 | 18199 | 6031 | 0934 | 0.030 | 0947 | 0951 | 0.031
1328 P-I?I-N(iﬂ 64 M 121 2675 3182 0.037 0938 0.036 0.939 0959 | 0030
1329)P-172-5LiK | 35 M;LLJEI | 815l 7254 | 0031 0951 0032 | 0940 | 0951 0.031
1330P-173-WON| 82 A L3t 1743 6364 1 0029 | 0936 | 0.027 0942 | 0942 | 027
[ I33P-173-WON| 8 | M Tl 6368 | 10690 | 0040 | 0930 | 0.038 | 0939 | 0939 | 0038
1332P-173-WON| 82 | M 131 6495 | 6873 | 005 U,OET 0.050 | 0928 | 0928 ; 0.050
1333) -173-WON] 82 M LI 6368 | 7.127 | 6032 | 0980 | 0033 0979 { 0980 | 0032
33aPa1 74MAG | 33 r L2 15283 | 14636 | 0.040 [ 0.995 0.043 0994 | 0995 | 0040 |
1335[P-175-DEN | 62 M U2 7387 | 86353 [ 0035 | 0927 | 0.036 | 0924 | 0927 ; 0035
Msebenoi 5 5 :
| 1336P-176-ADH | 34 M H1 7132 S218 | 0038 | 0943 [ 0039 | 0942 | 0943 | 0038
1337IP-176-ADH{ 34 | M 31 7387 | 11709 % G035 1 0962 | 0.035 0968 | 0968 | 0033
P TIMAL 45 | M i YE07 | 10563 | 0030 | uw2e | 0030 0o | 0929 | 0030 |
1339|P-1 78-YUR ) 29 l-'—l | 9934 | 11581 | 0035 | 0933 | 0034 0937 | 0937 | 0.034
1340 - 180-5EL | 63 M ULT | 22161 | 16799 | 0045 | 0994 | 0046 | 0994 | 0994 | 0.04
1I341P-18E-NAK | 55 | M 1.31 851 | E2.981 | 0026 | 0973 ) 0025 | 0976 | 0976 | 0.025
1342/P-181-NAK | 53 M L41 8788 | 15399 | 0035 | 0956 | 0.031 09357 i 0957 | 0031
| 1343)-182-WON | 68 M L21 4567 | 3727 | 0029 | 0971 0.029 | 0970 | 0971 0.029
134185100 | 71| M T31 | 27510 ¢ 17.563 | 0033 | 0987 0,0}8 0978 | 0987 | 0.033
1345 185-LO0O | 71 M 121 % 9170 | 15909 | 0035 | 0942 | 0.033 0.955 | 0955 | 0.033
1346P-188-MOH | 28 M Li3i -\9.552 [5.782 0034 6980 0.032 0982 (982 0.032
IH7P-192-MUH| 52 | M T6! 10953 | 5600 | 0037 | 0922 | 0.027 0929 | 0920 { 0.027
1398 P-192-MUH | 32 M L4t §.660 G163 0.044 0.939 0.029 0.982 0.982 0.029
1349pP-192-MUH| 52 M L5t 6.240 8.143 0.029 0.985 0.029 0.985 0.985 0.029
L1330lP-193-UMI | S50 F L3l 4712 | 5834 | 0021 0968 | 0.021 0968 | 0968 | 0.021 |
i331[P-195-DEV | 42 F H1 6.750 12218 | 0.022 0.934 0.020 0.947 0.947 0.020
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APPENDIX D: SCORING RESULTS BY APPLYING CLUSTERING
ALGORITHM ON TESTING DATASET

[ vo | aiom [ age [ender] Region |5 o) | e [ M [ b | o | At
Pl op-162-BIM | 40 | M U1 0.039 | 0.044 2 2 2 2
2 | P-162-BIM | 40 | M U2 | 0017 | 0.016 I I I !
3] P-162-BLM | 40 | M U3z | 0.033 | 0.030 2 1 I !
10 P1e2-BIAT | 0 | M Tl 0.022 | 0.024 I 1 ! I
sobpageasia | d0 oM T2 0.026 | 0.020 l I 1 !

6 1 P-162-B3iM | 10 | M 13 0.035 ; 0.040 2 2 2 p)
70 P-162-BIM | 40 | M | LI 0.043 | 0.048 2 2 2 2
8 | P-162-BIM | 40 | M L2 0.063 | 0.064 3 3 3 3
9 | P1e3-NAsS 28] F 1 0.045 1 0.045 2 2 2 2
10| P-163-NAS | 28 | F Ul 0.033 | 0.04t 2 2 1 2
10| P-163-NAS | 28 | F U4 | 0041 | 0.038 2 2 3 2
12 [ P-163-NAS |28 | T Tl 0.041 | 0.043 2 2 2 2
I3 ] P-TG3-NAS | 28 } F T2 0.021 | 0.022 1 1 1 i
I4 | P163-NAS | 28 | F T3 0.036 | 0.033 2 2 2 I
15 | P163-NAS 128 ) T LI 0.023 | 0.022 [ I I !
16 | P-163-NAS | 28 | F 1.2 0.019 | 0.017 ! 1 ! [
17 | P-163-NAS | 28 | T L3 0.034 | 0037 2 2 | 2
18 | P-163-NAS | 28| T L4 0.017 | 0.018 1, I I t
19 | P-163-NAS | 28 | F L5 0.024 | 0.022 1 I ! 1
200 P-163-NAS | 28 | F L6 | 0.026 | 0.020 1 i [ 1
21 | P-163-NAS | 28 | F L7 0.028 | 0.026 1 1 I [
22 | PAGILAT | 67| M Hi | 0.029 | 0.026 I I I ]
230 PAGLAT | 67 | M U2 | 0.014 | 0014 I ! [ 1
24 | PA6-LAY | 67 | M T3 0.027 | 0.031 1 1 1 I
25 | P-GILAT | 67 | M T4 | 0.017 | 0015 I 1 i i
26 | P-164-LAT | 67 | M T6 0.018 | 0.019 i [ l |
27 | Pol64-LAT | 67 | M LI 0.020 | 0.020 1 1 1 I
38 | P-164-LAT | 671 M L2 0.029 | 0.029 ! I [
29 | P16-LAT L 67 | M L3 0.010 | 0.010 [ 1 1 I
30 | P-165-BLK | 47 | M Ul 0.025 | 0.026 I 1 1 i
31 | P-165-BLK | 47 | M U3 0.044 | 0.044 2 2 2 2
320 P163-BLK | 47 ] M T1 0.037 | 0.035 2 2 2 2
33 | P-165-BLK | 47 | M T4 0.061 | 0.060 3 3 3 3
34| PI6S-BLK | 47 | M LI 0.043 | 0.042 2 2 2 2
350 Pa6sBLK | 47§ M L2 0.034 | 0.035 2 2 1 2
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36 | P-163-BLK | 47 | M | 13 1 0031 | 0.037 i 2 T
37 | m165BLK |47 | M | L4 ooz [ 002 | | T
38 | reles-TTL |57 M ] U2 | 0033 | 0029 > | o
39 | Polee-TTL [ 57 [ M T4 0049 | 0051 2 3 2 x|
30 | pree-TTL | 57 | M 0.050 | 0.051 2 3 2 2
41| Pease-TIL | 37 ] M 0.042 | 0.041 2 2 2 2
2| paeert Ls7 I M | 14 | 0052 | 0055 3 3 2 >
43 [ paeeTT [ 57 [ M1 L1 |03 | 002 i IR !
| pres-rTL |57 | M 1 12 | o021 | o020 I : I |
T P-166-TTL | 57 | M 1.3 0026 | 0.026 ] ! ( [
46 ] P66-TIL | 57| M | 14 | 0032 | 0.033 2 2 i 2
LJT P-mz‘-?r\j'n ?2 M| vz | 003s | 0038 2 | 2 2 2|
38 | paer-sNR 324 M ] 1 o7 | oo i | o
19 | Pas7SNR [ 320 M 1 12 | 0038 | 0038 2 R
———
50| pae7sNR | 320 M D13 | 0033 | 0.026 2 | [ I
S1 U PI6T-SNR 1 32 | M | L4 | 0035 | 0.042 2 2 2 2
_s_ P-1og-NGI | 42 | ™M | ut [ 0019 | 0021 I [ | L
E‘. a6sNGE L a2 | M |02 | 002 | 0019 ! r I 1
st ] ptesNGt |20 M| 03 {0017 | oo I ] ! [
ss | PesNGS 1420 M L oud | 0076 | 0078 3 3 3 3
56 | P-IGBNGI |42 [ ™M | T | 0024 | 0.025 i 1 ] L
s7 | pasgNGt |42 | M | 13 | o020 | oo22 | 1 ! |
58 | p1e9DWA [ 50| M | 1 | 0031 | 0029 ! 1 ! I
P-169-DWA | 50 | M | Ui | 0.051 | 0.055 3 3 2 2 #
P-109-DWA [ 50 | M | 13 | 0060 | 0.059 3 3 3 3
6f | P-169-DWA | 50 [ M | TS | 0.038 | 0042 2 2 2 2
62 | P-16O-DWA | 50 | M | 16 | 0.043 | 0.038 > 2 2 2 2
63 | P169-DWA L 50 | M | L5 | 0.036 | 0.035 2 2 2 2
64 | P-170-5SG | 55 | M | Tt | 0022 | 0022 I r 1 I
65 | P-170-85G | 55 [ M [ Tt [ 0016 | 0.015 ! : | !
[ 66 | P-170-SSG | 55 | M | 12 | 0022 | 0.024 ! I N
767 Pa70ssG | ss oM | 13 | 0.040 | 0.042 2 2 2 2
[ 68 | P-170-55G | 55 | M | T4 | 0041 | 00as 2 2 2 2
69 | P-170-SSG | 55| M | TS | 0.048 | 0.044 2 2 1 2 | 2
0| PI70-sSG [ 550 M | T7 | 0.096 | 0.096 4 4 3 3
T par0ssG [ss]omM | L1 | 004s | 0040 P 2 2 2|
72 1 P-170-88G F M Lot o029 oo | I i !
;73 P-170-SSG | 55 r__M__ LI | 0065 | 0.068 3 3 3 3
T P0G | ST M | L2 ) 0082 | 0028 | 2 ] | i
Lvs PAI70-SSG | S50 M | L6 | 0052 | 0.051 3 I
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76 | P170-58G | 55 | L7 | 0067 | 0068 3 3 3 3
77 D perroessG | oss | LS | 0.058 | 0.055 3 3 3 2
: 78 | PATINSH | 63 | M Ul | 0024 | 002 ! I 1 !
79 P-171-NSH 63 M (WE] 0.018 0.016 | i ] |
80 | P-171-NSH | 63 | M Ll | 0032 | 0033 2 R l
81 1 Paminsit [ 63 | M L3 | 0.026 | 0.023 | I i i
82 | PI7INSH | 63 | M L4 | o021 | 0.024 ! ] 1 [
83 | P-I7I-NSIL | 63 | M L5 | 0038 | 0040 2 ' REE
| 84 [ PA72-SKAM {34 M HI | 0.049 [ 0.048 2 2 2 2
85 ] pamskar D se ] oa Ul | 0037 | 004 2 2 2 2
| 86 | PIT2SKM ]3] M U2 | 0031 | 0.034 I 2 t I
87 | P-172-SKM | 34 | M U3 | 0036 | 0.035 2 2 2 2
AR
88 | P-172-SKAL | 34 N | ue | 0079 | 0079 3 3 3 3
89 | P-I72-SKAM | 34 ] M Us | 0061 | 0.0s5 3 -3 3 2
90 { P-172-8KN | 34| M U6 t 0073 | 0.074 3000 3 3 3
91 | PoI72-SKM | 34 | M Us | 0077 | 0.073 3 3 3 3
92 1 P-172-SKM | 34 | M 1| 0033 | 0033 2 2 ] {
93 | P-172-5KM {34 | M | 'T2 | 0053 | 0.060 3 3 2 3
94 | P-172-SKM | 34 | M T3 | 0035 | 0.041 2 2 2 2
95 | P-172SKM | 34 | M T4 | 0102 | 0097 4 1 4 3
96 | P-172-SKM e[ M [ 15 | oom | oors 3 3 3 30
07 | P-172SKM | 34 | M L1 | 0075 | 0.077 3 3 3 3
98 | P-172-SKM | 34 | M L2 | 0.039 | 0.035 2 2 2 2
99 | Par72-skM | ] oM L3 | 0048 | 0.048 2 2 2 2
100 | P-IT2.8KM [ 341 M L6 | 0054 | 0054 | 3 3 2 2
101 ] P-172.5KM | 34 | M L7 | 0041 | 0040 2 2 2 2
102 | Pam-wkw | 81 | M U3 | 0.027 { 0.033 1 2 I I
03 | Pa173-wWKw | 81 [ M L1 1 0032 | 0.030 2 1 [ i
104 | P-174-MGH | 32 [ F Ul | 0.042 | 0.041 2 2 2 2
15 | P-173-MGH | 32 | F U2 | 0051 | 0.05I 3 3 2 2
106 | PA74-MGH | 32 | F Ul | 0.025 | 0.027 ! I 1 I
107 | PAI7TAMGH | 32 | F T2 [ 0.027 | 0.031 1 I I !
E P-17a-MGH | 32 | F | L1 | 0.059 | 0059 3 3 3 3
109 | P174-MGH | 32 | F L3 | 0.062 | 0.060 3 3 3 3
o[ P-175-DNH | 61 | M | HI | 0031 | 0026 1 r I |
1L P-175DNH | 61 | M Ul | 0.030 | 0.025 1 I 1 I
112 P-175-DNH | 61 | M Us | 0.032 | 0.03 2 2 I 2
113 | P-175-DNH | 31_1 M T2 0.054 | 0.053 3 3 2 2 J
14| PAI7SDNH | 61 | M LI | 0.034 | 0034 2 2 I i
1S | p-175DNH | 61 | M L2 | 0050 | 0.046 2 2 2 2 —
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| No Patient Age jGender) Region ?ZI(IIMZILJ ]}::1222: '_/;r-ltihr:\asnn: ]I}\\s]m 211[:i(:-!‘\\:|11
116 | P-176-MDA | 33 | M L3 0033 | 0029 2 i I i
117 | P-176-MDA | 33 | M | 14 | 0033 | 0.029 2 ! | I
18 | P-176-MDA | 33 | M | L2 | 0022 | 0.016 1 | [ I
119 | Pr7empa |33 | M | 13| 0031 | 0.030 [ 1 i i
120 | p7z-mip P | ML HL | 0050 | 0036 I 2 | 2
Tt M | 44 ] M | U2 | ow6l | 0.063 3 3 3 3
122] P-I72-MHD | 44 | M | U3 | 0067 | 0062 3 3 3 3
123 P-I772-MHD [ 44 | M [ TS5 | 0.062 | 0.065 3 3 3 3
P24 p77nHD | 44 ] M ] 11 | o0ose | 006 3 EE 3
s earraHD L [ L2 1 oos3 | 0048 3 Bl 2 N
1261 Pl77MUD | a4 | M | L4 ] 0041 | 0.040 2 2 > R
P-177-MED | 44 | M | 16 | o086 | 0.080 4 3 3 3
PE77AHD | 44| M | L7 | 0086 | 0.070 3 3 3 3
P178YRL F g | ¢ | o o032 | o3 2 2 I )
130 | PI78-YRL | 28 | F Ui | 0034 | 0039 2 2 ! >
1311 PU78-YRL | 28 | F 2 | 0.049 | 0.044 2 2 2 2
132 P-178-VRI | 28 | ¥ U3 |00 |00 | 2 | 2 2 1
133 | pr7svRL | 28 | F Tt | 0112 | 0.114 4 4 4 t
A ENE 13| 0082 | 0081 3 3 3 3
135 pI78yRL | 28 | F L | 0039 | 0.082 2 2 > 2
136 | P-(78-YRL | 28 | F 12 | 0.035 | 0.037 2 2 2 2
137 | P-178-YRI. | 28 | F 13 | 0037 | 0.039 2 2 2 2
138 | p17gyrL | 28 | ¥ L6 | 0.034 | 0029 2 [ | |
[ 139 [ p-r7e.amr | 30| ¥ e | 0024 | 0031 i r ! !
140 | Por79aME [ 30| F U2 | 0028 | 0.025 | r | L
41| P-179-AMI |36 | F | U3 | 0056 | 0052 | 3 3 2 2
142 | P-179-AMI | 30 | F T2 | 0.041 | 0.036 2 2| 2\ 2
143 | P-179-AMI | 30| F L1 | 0039 | 0036 2 2 2 2
144 | por79-aMi1 | 30| F 12 | 0044 | 0.046 2 2 2
145 | p-ig0-SLV [ 6a | M | u2 | 0077 | 0073 3 3 3
146 | P-180SLV | 64 | M |- U4 | 0.094 | 0,090 4 4 3
147 | P-180-SLV | 64 | M | us | 0.047 | D04 2 2 2
148 | P-180-SLV |62 ! M | 11 | 0050 | 0051 2 3 2
129 | Po180-SLY |64 | M | T1 | 0071 | 0065 3 3 3
150 | P-18OSLV |64 | M | TI | 0.080 | 0.085 3 4 3
1stl o pagosiv L ea | v [ o1t2 1 006t | 0066 — 3 3 3
1521 P-I8O-SLV | 64 | M | T3 0.075 3 3 3
1531 P-180-SLV | 64 | M 3 3 |
155 PABO-SLV | 64 | M g 4
155 | pasosiv [ ed ] M | 16 3 I
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£56 | PISO-SLY | 64 | M | T7 | 0.050 | 0.047 2 2 2 2
IST] PagoSEy | 64 | M | T8 | 0056 | 0051 3 3 2 2
158 | PAISOSLY | 64 | M LU | 0.043 | 0.042 > 2 2 2
159 | Pa1SO-SLV | 610 M | L1 | 0038 | 0.041 2 2 2 2
160 | P-180-SLY |64 1 M | LI | 0036 | 0040 > | 2 2 2
161} PI80-SLV | 64 ] M | L2 | 0.059 | 0032 2 2 2 1
62| PI80-SLY |64 | M | L3 | 0030 | 0.030 1 1 I
163 | PAI8O-SIV [ 64 | M | L3 | 0076 | 0079 3 3 3 3
P64 | P-ISOSLY {64 | M | L6 | 0050 | 0054 2 3 2 >
165 | PI8I-NKR 155 | ar | 1 | 0020 | 0023 1 I I I
166 | P-ISINKR | 55 | M | vz | 0018 | 0.020 ] I I ]
167 | Pa8E-NKR | 55| M | T | 0033 | 0034 2 2 1 |
168 | PISINKR | 55 | M | 12 | 0048 | 0051 2 3 2 .2
169 | P-181-NKR | 55 | M | T3 | 0019 | 0022 | j I S
(70 PISINKR | 55 a0 L 14 | vo3r | o 1 I 1 1
170 P-ISINKR {55 | M | TS | 0018 | 0.017 ! I I I
172 | P-I8t-NKR | 55 | M | e | 0032 | 0037 2 2 i 2
(73| P-ISINKR | 55 ] M | T7 | 0029 | 0029 s 1 I 1
174 | PESINKR [ 55 | M | L1 | 0026 | 0025 i i I I
175 | PESINKR | ss oM | o2 | oo22 | ooors ! I ; !
176 | P-1SI-NKR | 55 | M | L3 | 0025 | 0032 1 2 1 i
177 ] P-181-NKR | 55 1 M | L4 | 0031 | 0.035 1 2 ] 2
178 | r-ig2wss [ o8 | M | ur | 0025 | 0025 I I I I
179 | P-182-Wss [ 68 | M | u2 | 0029 | 0033 i 2 I 1
180 | P-1g2-wss Les | M | 11 | 0050 | 0045 2 2 -2 2
181 | P182-WSS {68 | M | T3 | 0.017 | 0.021 ] 1 1 |
182 | p1g2wss Les | M| T4 0022 | oms | | | t
183 | r1g2-wss | 68 | M | Ts | 0060 | 0.060 3 3 3 3
184 | P-182-WSS |68 | M | T6 | 0.041 | 0.040 2 2 2 2
185 ] P-182-WsSS (68 | M | LI | 0029 | 0.030 1 | I K
186 | D-182-WSS | 68 | M | L2 | 0.028 | 0.027 I i 1 I
187 | P-t83NRM |64 | M | T1 | 0040 | 0036 2 2 2 2
183 | P-183-NRM | 64 | M | T4 | 0052 | 0050 3 2 2 2
189 | P-I83-NRM [ 64 [ M | LI | 0060 | 0.059 3 3 3 3
190 | P-1s3-NRM | 64 | M | L2 | 0.038 | 0.036 2 2 2 2
91 | P-183-NRM | 64 | M | L3 | 0.028 | 0029 t I 1 i
192 [ P-IS-LHM | 70 | M | Hi | 0025 | 0027 i I 1 I
193 [ P-(85-LHM | 7t | M | U2 | 0.046 | 0.044 2 2 2 2
194 | Pags-LiM | 7t | M | T2 | 0036 | 0035 2 2 2 2
195 P-1gs-LiM | 71 | M | T3 | 0.033 | 0.028 2 ! 1 !
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o oo | o S, (mm) | 5, (mm) | A-Mcans [ &-Means FCM FOM
Patient Age (Gender Region Ist Asm i2nd Asm)] Ist Asm | 2nd Asm | st Asm | 2nd Asm
P-185-LHN | 71 A 1.1 0.049 0.046 2 2 2 2
P-183-LHM | 71 M [.2 0.033 0.031 2 | ] 1
P-185-LHM | 71 (S| L3 0.032 0.034 2 2 ] |
P-184-RTV | 28 F H] 0.087 0.084 4 4 3 3
P-184-RTV | 28 F i3 0.063 0.071 3 3 3 3
P-184-RTV | 28 F 11 0.124 6.129 4 4 4 4
P-184-RTV | 28 F T4 0.111 0.114 4 4 4 4
P-184-RTV | 28 F T5 0.158 0.160 4 4 4 4
P-184-RTV | 28 F T8 0.068 0.074 3 3 3 3
Poi84-RTV | 28 F 19 0.182 0.184 4 4 4 4
P-184-RTV | 28 F 12 .037 0.038 2 2 2 2
P-184-RIV | 28 ¥ [.4 0.072_ 0.069 3 3 3 3
P-184-RTV | 28 3 1.3 (.035- | -0.034 2 2 2 i
P-184-RTV | 28 F 1.6 0.057 7 0.036 3 3 3 2
P-184-RTV | 28 F L7 0.033 0.033 2 2 | |
P-184-RTvV { 28 I L9 (1036 0.054 3 3 2 2
IP-186-HSM | 52 M H1 0.627 0.021 1 | 1 {
P-186-HSM | 32 (T ] | 0.044 0.044 2 2 2 2
-1 86-1HSM 52 M £3 0035 0.035 2 2 2 2
P-186-HSM | 32 M T1 0.039 0.036 2 2 2
P-186-11SM | 32 M T2 0.037 (.035 2 2 2 2
P-186-11SM | 32 M T3 0.035 0.034 2 2 2 1
P-186-HSM | 32 M L1 0.056 0.053 3 3 2 2
P-186-HSM | 52 M L2 0.036 0.039 2 2 2 2
P-186-HSM | 32 M L3 ¢.043 0.043 2 2 2 2
P-i86-HSM | 32 M uz2 0.041 | .0.036 2 2 2 2
P-186-HSM | 52 M 13 0.037 | 0.035 2 2 2 2
P-187-TL.C | 31 F U4 0.052 0.046 3 2 2 2
P-187-TL.C | 31 F T4 6.048 | .0.048 2 2 2 2
P-187-TLC | 31 F 1 0.040 0.039 2 2 2 2
P-187-TL.C | 31 F L3 0.047 0.042 2 2 2 2
P-187-TLC | 3i F L4 0.035 0.040 2 2 2 2
P-187-T1.C | 31 F L6 0.041 0.043 2 2 2 2
P-187-T1.C j 31 F L7 0.079 0.073 3 k) 3 3
P-188-MNJ | 28 M U3 0.032 0.031 2 | i I
P-188-MN] | 28 M Tt 0.040 0.041 2 2 2 2
P-188-MNJ | 28 M T3 (0.039 0.043 2 2 2 2
P-188-MNJ | 28 M T4 0.026 0.031 1 1 ] 1
P-188-MNI | 28 M T3 (0.039 0.038 2 2 2 2
P-188-MNT | 28 M [.2 0.021 0.023 1 1 1 |
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236 | P-189-MYM | 74 | M Ti 0.020 | 0.021 1 1 1 [
237 | P-I89-MYAL | 74 | M T3 0.073 | 0.075 3 3 3 3
2387 P-IRI-MYM | 74 | M T4 0.021 | 0021 ! | i !
239 | 189-MYM | 74 | M Ts 0.017 | 0017 I 1 1 !
240 | PAIBO-MYM | 74 | M T8 0.019 | 0017 1 1 I I
290 | P-I89-MYM | 74 ] M T9 0022 | 0.025 ! i I I
2421 P-190-OMR | 28 | M HI1 0.038 | 0.033 > | 2 2 !
243 | P-190-OMR | 28 | M Ul 0130 | 0.129 4 4 4 4
244 P190-0MR | 28 1 M Ul | 0101 | 0.096 4 1 4 3
245 | P-190-OMR | 28 1 M U4 | 0141 | .0138 4 4 4 4
246 | P-190-OMR | 28 | M Us 0.054 | 0.060 3 3 2 3
247 | PA90-OMR | 28 | M Tl 0.113 | 0115 4 1 4 4
248 | P-190-OMR | 28 | ™ Ti 0.119 | 0120 1 1 4 4
249 | PoI90-OMR | 28 | M T2 0.100 | 0.10 4 4 1 4
250 | Po190-OMR | 28 | M T2 0.182 | 0.187 4 4 4 4
| 251 | P-190-OMR | 28 | M 12 0.139 | 0.142 4 4 4 4
252 | PA190-OMR | 28 | M T2 0.137 | 0.131 1 4 4 4
(353 | P190-0MR | 28 | M T3 0.055 | 0.055 3 3 2 2
351 ] P190-0MR | 28 | M T6 0.097 | 0.101 4 4 3 4
2551 PO9O-OMR | 28 1 M T7 0.1i6 | 0.121 4 4 4 4
236 1 P-190-OMR | 28 | M T8 0.081 | 0.081 3 3 3 3
@7 P-IY0-OMR | 28 | M L1 0.100 | 0.106 4 9 4 4
258 | P-190-OMR | 28 | M Ll 0.079 | 0.086 3 4 3 3
259 | P-190-OMR | 28 | M LI 0.112 | 0.116 4 4 4 4
260 | P-190-OMR | 28 7 M LI 0.065 | 0.058 3 3 3 3
261 | P-190-OMR | 28 | ™ Lt 0.101 | 0.099 4 4 4 4
262 | P-190-OMR | 28 [ M L2 8056 | 0.056 3 3 2 2
263 | P-190-OMR | 28 | M 12 0.100 | 0.106 4 4 1 4
264 | P-190-OMR | 28 | M 1.3 0.056 | 0.063 3 1|2 3
265 | P«190-OMR | 28 | M Ls 0.069 | 0.073 3 3 3 3
266 | P-190-OMR | 28 | M L6 0072 | 0078 3 3 3 3
267 | P-190-OMR | 28 | M L9 0.096 | 0.099 4 4 | 3 4
268 | P-191-ALD | 56 | M H! 0.035 | 0.039 2 2 2 2
269 | P-191-ALD | 36 | M TI 0.039 | 0.037 2 2 2 2
1270 | P-191-ALD | 56 | M T2 0.031 | 0.033 | 2 [ [
271 | P-I9L-ALD | 56 [ M T3 0.033 | 0.036 2 2 [ 2
272 | P-191-ALD | 56 1 M Ll 0.045 | 0.050 2 2 2 2
273 ] P-191-ALD | 56 | M L4 0.055 | 0.058 3 3 2 3
274 | P-192-MTA | 52 | M H1 0.039 | 0.043 2 2 2 2
375 | P192-MTA | 52 | M Ui 0.045 | 0.041 2 2 2 2
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No | e[ e oender] Regon [R5, e s T O L ondatn
276 | Po192-MTA | 52| M U3 | 0050 | 0.04 2 2 2 2
2771 PAI92-MTA | 52 | M T2 | 0026 | 0.025 1 i | ]
278 1 P-192-MTA | 32 | M 3| 0.047 | 0.050 2 2 2
279 1 P-192-MTA | 52 | M T+ | 0044 | 0.042 2 2 2 2
280 | P192-MTA | 52 1 M Ts | 0.045 | 0052 2 3 2 2
281 | P-192-MTA | 52 | M Li 0.065 | 0.066 3 3 3 3

282 | P-192-MTA | 52 | M 12 | 0.028 | 0.029 [ I I l
283 | Po192MTA [ 52| M L4 | 0029 | 0.033 1 2 | I
28| P-192MTA | 2] M L5 | 0029 | 0033 i 2 ! |

285 | P-193-UKY | 50 | F o 0028 | 0025 ] ! | l
286 | P-193-UKY | 50 | F 2 | 0042 | 0.037 2 2 2 2
287 | PA193-UKY | 50 | F TI | 0031 | 0028 I ! | !
288 | P-193-UKY | 50 | F T2 0042 | 0.037 2 2 2 2
289 | pogsuRy [ so ] 12 | 0027 | 0.031 1 1 | P
290 | Po193-UKY | 50| F 13 | 0047 | 0054 2 3 2 2
291 | Po193-UKY | 50 | F L6 | 0029 | 0.024 1 ] I 1

202 | pal9d-ztiN [ 341 M1 | oara | 0109 1 4 1 1 W
293 | P-194-ZIN | 34 | M Ul | 0.063 | 0065 3 3 3 3
294 | P-194-ZHN [ 340 M | U3 | 0.086 | 0.083 4 3 3 3

w3 pagdziN LM U7 | ot o023 4 4 1 T
296 | P-194-ZHN | 34| M U9 | 0078 | 0.074 3 3 3 3
297 | PA194ZHN | 340 M TE | 0064 | 0.066 3 3 3 3

298 | P-I194-ZHN | 34 | M T3 | 0.062 | 0.061 3 3 3 3
299 | PA94-ZIIN | 34 | M T4 | 0.089 | 0.089 4 4 3 3
300 | P-194-ZHN | 34| M T5 | 0068 | 0.073 3 3 3 3
301 | P-194-ZHN | 34 | M T6 | 0.067 | 0.066 | 3 3 3| 3]
N 302 | P-194-ZHN | 34 | M 17 | 001 | 0102 4 4 4 4

303 | P-194-ZHN | 34 | M LI | 0052 | 0.055 3 3 2 2

304 | Po194ZHN [ 34 M L5 | 0.065 | 0.066 3 3 3 3

305 P-195-DVM | 42 | F Ul- | 0.044 | 0042 2 2 2 2

306 | P-195-DVM | 42 | F Uz | 0.039 | 0.038 2 2 2 2
307 | P-195-DVM | 42 | F U4 | 0.035 | 0.036 2 2 2 |
308 | P-195-DVM | 42 | F Us | 6.043 | 0.039 2 2 2 2
309 | P1OSDVM | 42 | F U6 | 0.043 | 0.036 2 2 2 2
316 | Po95-DVM | 42 | F U7 | 0.038 | 0037 2 2 2 2
311 | piosovm | 42 | ¢ TI | 0.067 | 0.065 3 3 3 3

302 ] P-195-DVM | 42 | F T2 | 0.060 | 0.060 3 3 3 3

330 Pt9sDVM [ 42 | F T3 | 0044 | 0.047 2 2 2 2

34| P-195-DVM | 42 | F 151 0.032 | 0033 | 2 2 | |
;w To95-DVM | 42 | F T6 | 0.039 | 0.039 2 2 2 2




N Paticnt Ace |Gender| Region Sq (mm} ] S, (mm) | &~Means | A-Means | TCM FCM
e atten Age fucnder] legio Ist Asm 12nd Asm| Ist Asm | 2nd Asm | Ist Asm | 2nd Asm
L3164 PI9SDVM | 42 | F T9 | 0.029 | 0.030 I 1 1 I
wrlpearos-pvat [ 42 F | L1 ] 0047 | 0043 | 2 2 2 2
318 flxl%-DVM 02l ¥ 11 0.029 | 0.025 i I i 1|
319 | p-195-DVM | 42 [ F Ll | 0053 T 0.056 3 3 p 2
320 | P-195-DVM | 42 | F 1.2 0.035 | 0.042 2 2 3 2
320 ] P-195-DVM ) 42 0 F L5 0.023 | 0.017 i I 1 I
322 Pol9scpvm | 42 | F L6 | 0.046 | 0049 2 2 2 2
H —1
323 [ P-195-DVM | 42 | F L7 | 0.072 | 0072 3 3 3 3
324 P-195-DVAML | 42 ) FT 1 L9 | 0052 | 0052 3 3 2 2
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APPENDIX E: APPROVAL OF OBSERVATIONAL CLINICAL
STUDY (NMRR-09-1098-4863)

NATIONAL INSTITUTES OF HEALTH APPROVAL FOR CONDUCTING RESEARCH
IN THE MINISTRY OF HEALTH MALAYSIA

PENGESAHAN INSTITUS PENYELIDIKAN NEGARA UNTUK MENJALANKAN
PENYELIDHKAN DI KEMENTERIAN KESIHATAN
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APPENDIX F: SOURCE CODE OF SURFACE ROUGHNESS
DETERMINATION (MATLAB CODE)

close all; clear all; clc;
folderToBeOpened =

= uigetfile({'*.txt"','Select the M-file'}:

- End of FILTER AND OPEN & 3D SURFACE FILE

Normalise I 2D
fov 2ii=1:m20D
ter §39=1:n2D
id = m2D - 1iii + 1;
I12dT¢id,Jjj,:} = I2d(1ii, 33,23

figNameStr = ['File Name ', imgFileNmj;
figure{'Name', figNameStr);

imshow 124},
S AEWi s, vl = roipely;
cilose(figNamesStr);

minX = round{min{min(x})):
maxX round (max {(max (x})));

i

in’ reund (min(miniy) )} )
max¥ = round{max{max{y))):

figure, imshow{(IZ2d{minY :maxY,minX:maxx, :));




lengthA = length(Aj;

= lengthl&/N;
¥ omatrix '
iy
= wirvg

.+ Create Y matrix
for i=1:
1dx = 1 o+ {i-1)1*K;
yATT (1 = A{ldx,2);
end;

Create 2 matrix

for j=1:N
idxA = idxA + 1;
1.2103,1) = A{idxR, 3);

ko= 1; s for the hi gh st resolution, image size 480 x €40 pixels
ninXsSc = rceund(k*minX):;
maxxso = round{k*maxX});

minYSc = roundtk*minyY!;
max¥Ysc = round{k*maxY};

ARor=T . A{minYSc:max¥Sc, minXsSc:maxxXsc);
Yor=1.Y iminYSc:maxyYsSe, minXScimax¥X3c);
Zoer=T.2/minTYSc:maxYsc, minXSc:maxxsc) ;

T2.X = Yoy
1.7 = Yor;



172.2 = Zor;

figure

subplot(1,2,1Y, imshowi{I2d
subplot (1,2,2), imshcowi(l.Z,
figure,

subplot( 2 l), 1mbhov112o

Z;
| = sizefI2.Z1;
miy = flocr (M/ncbiv):
n = floocr(l/noDiv)
for i=i:{noDivi .
cIfiy = 1o+ fi-13*mD;
cdii) = 1 o+ {i-1n*ni;
1adx8d = 0;
for 1i=1: (ncDiv)
for 4=1:{(noDiv)
idxSd = idxSd + 1
IZ2s5Div(idxs8d) . X =
I2sDiv{idxsd) .Y =
i4sUiv(idx3a) .2 =
g
end;
qure -
abpiot (2, Z2*noDiv, 1), imsh
ot (2, 2%neliv, 2), imsh
subplot {2, 2*noliv, %), imsh
zubplot (Z,2*noDiv, ), imsh
subplot iz, 2* HODlV 3), surf
idsa=1;
miX = min{min{I2sDiv {idx).
mx¥ o= max (max{IZ2sDiv(idx).
miY = min(min{I2sDiv (idx}.
mxY = max{max{I2sDiv (idx).
miZ = min(min{IzZsDiv (idx).
mxZ = max{max{IZ2sDiv{idx).
axizs{[miX mxX mi¥ mx¥ miz
=ukelot (2,2 ncDiv, 4y, surf
ide=2; L.
miX = minimin{IZ2sDiv {idx).
mxX = max(max{(IZ2sDiv (idx).

mi¥ = min{imin{I2sDiv {idx}.
mxY = max{max (IZsDiviidw),
miz = min(min(I2sDiv (idx).
mxZ7 = max(max (I2sDiv (idx).
ax1s{(miX mxX miY mx¥ miZ

subplot {2, 2*nobDiv,7), surf
idx=3;

mi¥ = min{min{(IZsDiv (idx}

Vi

{11:

\mlnﬁ maxy, mlnx maxx,

I2.¥{cI (i) icI{i)+mD~1}, e (d} = (cd{3)+nD-1));
I2.¥{cI{1):(cI{i}+mD-1},cT (i} (cT(3)+nb-1));
iZ2.dtcliays{cliiy+mb-1},aJ (3 {cI(1)+nD-11);

ow(IZsbiv{l)
cw{I2sDivi{2).
ow (I2sDiv(3).
ow (I2sDiv(4).

r ’

1 ;

2,00
2,013
Z,01):
Z, 1)

(I2sDiv(l).X,I2sDiv (1} .Y, 12sDiv{1).2});

(IzsDiv(2) .X,I25Div(2) .Y,12sDiv(2).2);

[SNE SV T o e

s

3
X
[

(I2sDiv(3).X,I25Div(3).Y,I2sDiv (3} .2

LX)
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i

= min{min{IZsDi

- maxmax{IZsDi
minimin(IZsli
max (max{Iz2

= min{min(I2

= v {12

ROUGENE

¥ = 1ZsDiv{isd) X (1:M,1:M);
Y = I2sDiv{(iSdy. .Y (1:M,1:N);
3 = IZsDiiwvi{iSd).2{I:M,1:N});

for i=1:M
for i=1:l f T
rowlds = rowidx - 1;
Xv o= X{i,3);
Yo o= Y{i,79);
Zv o= Z{i,7);
nYv = 2;
VirowlIdx, 1) = (Xv"2)y*{Yv™nYv):;
VivowIdsx, 7) = (Av 1y *{Yvinyv};
VirowlIdx, 3) = (Xvh0)*{Yv n¥v);
nrv = 1; )
VirowIdx, 4} = (Xv 2y *(Yvonyv) ;
Virowldx,5) = ((XvtlYr(Yvtnyv)
VirowIdx, 6) = (v 0)*(YvVnYv);
nyYv = {J;
VirowIdx, 7) = (Xv"2)* (Yv'nyv);
VirowIdx, 83 = (Xv™1l)y*{¥Yv™nyv);:
VirowlIdx, 9) = (Xv 01 *{Yv nyYv);
Qlrowldx,1) = Zv;
end;
2355
VEy= vy
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Lce o= Qg
nYv = z:
ico = Zoe + cElL)H (KL 2Y L FLY, tnYv)
ZCC = Zoo + o2y (XL.NTY R iYL YY)
Zce = Zcc + cE(3)*(X."0) . (Y. " nYv);
nyw = 1;
Zec = Zcoo + cEl4)m K2 YL hYY)
Zoco = Zoc 4+ cf{BI (M. (YL aY Yy
oo = 2o + ct{Eey* (X, "0) . ¥ (Y. "nYv);
n¥v = 6;
Zce = Zoo + cE{T)H(X.72) LY. Oy vy ;
Zco = Zco + cL(8)*(X.~1).*(Y. "nYv);
Zco = Zcc + cE(9)*(X. Q) .* (Y. ™ n¥Yv);

Ra = mean{meani{err)};

= mean {mean (%} };

= gumisum{ {Z-meanZ) . 24} ;
= sum(sum! (Z-Zr}."2)};

;
1 - {33err/IStect:

1
&

[ I 0 TN
[ v e
b0

o rt

5y
hd

OO

oW

bl Lfl":’]/ = Fay

Rsq 2nd(isd) = Rsq;:

1f and(Rsg_2nd({isd)>=0.90,Rsqg_2nd{i5d}<=1.0)
noOfAcceptedFitting = noOfAcceptedFitting + 1;
Rakcc = RaAcc + Ra_2nd(isd):
RsgAcc = RsgBAcc + Rsg 2nd(i8d);

endd;

erid;

Ra £Znd Final = Nai;

b2 s eme e e s — e

ncOficceptedFitting = G:
Razco = 0y
Esgacc = 0;
for iSd=1: (nokiv"2)
[M,N] = size(l2sDiv(iSd).Z);

X = I25Div{isSd).X(1:M,1:N);
¥ = IzsDiv{isd) .Y (1:M,1:N);
Z = I2sDiv{iSd}.Z(1:M,1:N};
EXEe 2%%%%%2%%%

rowidx =
for i=1:M %noDivSp

5%%%%%%%% Give A Real Surface $%%%%%%%
0;
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[ B B
70 )
(SRS IS

[N RS
(RIS
000

nyw
ZCo
LCcc
Zoo
Zoc

nYss

nYw = Z;
VirowIdx,5
YVirowIdx, )
Tirowlaxn, 7

VirowIdx, )

nyv = 1;
VirowIdy,

(rowlIdx, i

Virowldx,
VirowIdx,
VirowTdx, 1
VirowIdx, 1

]
1

Oirowlds, 1}

3}
1)
5)
6)

(Zwm0) %

Reconstruct

Zoo + cfi{b)
Zco + ct(8)
2 + cE{7)
A + cf(g)

oo + o cf

Zco + ¢f

7co + cfE(11
Zeo + ocf(l2
Zoe 4+ cf (13
Zeco + £ {14
Zoeo + cf (15
dooco+ ol {16

- absi{/i-7ri;

.7 3)
L2
Aol
N P

L3
.h2)
.~
.00

(G)* (X730,
(10} % (X.~2) . *
(1
‘1

YL

*(Y."

(YLD

Loy
PRVl B

L3R LY.
L2yt
LR
e iD I

YL
LY. T

YL ”

SK(YL”
Y. "

VI

{Yv"

*

Yo

) )
) )
VR YV rnYv) ;
1 {YvTnYv)

203

nyv).;

s

nyv

’



Ra = mean(mean{err));

meanz = mean{meani{Z);;

S5tot = sumi{sum({{(Z-meanZ) . 2}
3Serr = sum{sum{(Z~Zr)."2)};
Fsq = 1 - (SSerr/S3tot):

Ra_ 3rd{isq) = Ra:
Resqg 3rd(iSd) = Rsqg;

if and{Rsg 3rd{13d)>»=0.%0,Rsg 3rd(isd)<=1.0)
noQGfAcceptedFitting = noOfAcceptedFicting + 1;
RaAcc = RaAcc + Ra_3rdiisd};
Bsghcc = RsgAce + Rsg 3rd(isd);

and;
end;
Fz 2rd Final = Mal;
~3qg srd Final = Nal;

if noeUfAcceptedFitting>0
Pa_2rd Final = Rahcc/noOficceptedFitting:
Rsg_3rd_Final = Fsqgicoc/nelfkcceptedPitting;
erd; )

Pemhas o, 10 =

flat {2,2) =

= max (ResMat(:,2));

idxRa = find (ResMat (:,2)==RsgMax);

FaFinal = ResMat {(idxRa{l),1l); -
disp({'Average roughness is ', numZstriRaFinal),' mm']}:
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APPENDIX G: SOURCE CODE OF CLUSTERING (FCM)
IMPLEMENTATION FOR SCORING SCALINESS (MATLAB CODE)

wn
oD
all

o o
i

¢

¥

™
ot cr |

TJA
= o)
SR

Il
i

linspace{mini{L!,max (L), 9);

= sort{L}):

cFMiI = PI10;

P

1 = l:lenath{sL};

w score 1
cPt = P(2);
if Lv<cPt
mG1l (i, 1)
end; ’
if Lv==cPt
mll (i, 1)
end; '
1f Lwv>cPt
mD1 (i, 1)

= {1/ (cPt—cPMi))*(Lv—cBEMi);

= 1

= (=1/{cPMx-cPt))*(Lv-cPt) + 1;

= {1/ (cPt-cPMi))* {Lv-cPMi);

= i=1/ laePMy-cPu) ) (Lv-cPL) 4+ 1
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Pt = P{6);

if Lv<ckt
mD3E(1,1) = (1/(cPt-cPMi) )} * (Lv~cPMi);
end;
1f Lv==CPt
mo3ii, 1l = i;
end;
1f Lv>cPt
mb3(1i,1) = {(-1/(cPMx-cPt})* (Lv-cPt) + 1;
end; .
score 4

cPt = P(8);
if Lv<cPt

mb4{i, 1} = (1/{cPt—cPMi))}*{Lv-cPMi};
end;
1f Lw==cpt
mk4{i, 1) = 1;
end;
if Lv>»cPt
ml31i,1) = {-1/{cPMx-cPL}) *(Lv-cPkt) + 1;
ad;
wrd;
figure,

rlet {sL,mDl, sL,mD2,sL,mD3, sL,mD4);

u~{mbhl mDZ mD3 mbD4];

k= 4;. rumber of cluster
M = length(x});

Fuzziness coefficient is assigned. The best values are between 1.4 and
2.8 as mentioned in http://fuzziness.org/fcm
25

m =

Initialisation on objective function (CldJdm), objective function changes
% during the iteration (deltaJm), and number of interation (nol)
01dTIm = le9;”
deltalm 1e9;
noi = 0;

while deltaJm > le-5%
nel = nol + 1;

Centroids determinaticn

feor j=1:k
A = 0;
B = C;
for i=1:N
A=A+ {(uii,3y m*x(i));
B =B + u{i, ) "m;
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3

Ujective function determination

H
for i-1:H
tor G=l:k
Jmo= T+ fuii gl mprimill-
end;
LD .

update on objective function
deltadm = abs{(Jm - 0ldJm);
Oldim = Jm;

showing the outputs in the command
JmAincel) = Jm;

window

disp!{lnumZstrinel, ' @ ", numZstr (Jmt i)

te prapars some coloums containing
for i=1:%

cfi).data = cnes(M,1)*C{1};
end;

sed to show the dataset,
function

= ones (N, 1)*Jm;

finaiMat :[}:

finalMat = (x u]l:

for i=1:k

finalMat = [finalMat c (1) .data]l:

end;
finalMat = (finalMat JmFinalMat];

finalMatStruct (nol).data = finalMat;
disp( ==~ e

disp(nol); e el
dispi{finalMat, )
dispi' ')
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clusler centroids

membership degrees,

arrvange the columns of membership degreesg according Lo
ascending order
noMax i = length(finalMatStruct)

centroids,




finglMarlData = finalMatStruct (noMaxI) .data;

= sort sz(:' w2 lMatData, 1)
nalMatData (: ) :

idxMatii, 1) = i+1;

A B4R ER Nt ,é) = idxMa k!w }+k;

thdt(l,B) = finalMaLDqta(l, (k+1+1i));
erd;
idxiMat2 = sortrows (idxlMat, 3);
for i=l:k

idxMatInt = ficor{idxMat2(i)}:
mFunci{i).d = finalMatData(:,idxMatInt);

- minf{vData) ;- .
- manixbData): -

it the membership deqrees.cf clustered dataset inte a gaussian function

Hzrlab provides following Gaussian functions
% HMODELUAME EQUAfION
gaussl Y = al*exp(-({x-bl}/cl)"2}
gauss2 Y = al*exp(—({x-bl}/cl)"2)+a2*exp(-{(x-k2)/c2) "2}
Gaussl Y = al*exp(—((x-bl}/cl)"2)+...+a3%exp(-{(x~

B3y fc31 7 2)
T qaussh Y = al*exp(—{ (2-bl)/cl) 2)+...+a8*exp(- ( (x-

pay_}

Fit the membership degrees of clustered dataset to obtain k (number of
ister} gaussian .
functions. The function coefficlents an? the fitting performan =
parameters are stored
©oin ofunCls (i) .data and rsquareCls(i).data respectively.
tor i=1:k -

vy = mPunci{i).dr
lcfun, rsquare] = fitix,y, 'gauss2');
cfunCls (i) .gata = cfun;

requareCls{i).data = rsquare;

figure,
subplot (211} ;
for i=l:k
plot (xData, mFuncii}.d) .
hoid all
end;
grid on
azisfimiX mxxX 0 1.2]}
lakelFontSize = 12;
xlakel ("Scaliness {mm) ', 'FontSize', labelFontSize, 'fontweight','b")
ylabel (*Membership degree', 'FontSize', labelFontSize, "fontweight', 'kb')

208



icweight ', '

fitR 53 = rsquareCls(ij.datsa.rsguare;
if fitR sg »>= 0.9

i
al = cfunCls{i).data.ai;
bl = cfunCls (i) .data.bkl;
cl = cfunCis({i).data.cl;

= cfunCls{i}.data.az2

bz = cfunClsi{i) .data.nz;

cz o= ciunfis{i).data.c2

fittedMemFunc = al*exp(-{{xC-bl)/ ci}. 2] + aZ*exup{-{{xC-k2}/c2) . 2y "
end:

[

plot =0, fittedMemFunc), hold &l

LVal = ["C{',numZstr{i),')= ',numistr(centroids{i}},’ "1
piotTitle = [plotTitle tval]: :
el
title(plotTitle)
¥»iabel{'Scaliness (mm) ', 'FontSize',labelFontSize, "fontwelight ',
viabel {'Membership degree', 'FontSize', labelFont8ize, 'fontweight', 'b")
Litlodttenkbership fanciion of clusterea
dataset', "FontSize', labelFontSize, 'fontwelght', ')
grid on ’
my1=([m1x mxx 0 1.21);

ll;l\

SHOWING THE CLUSTEEED

®xVal = input {'Input Roughness value '):
nLn = 5;

xLn = xVali*ones{nLn}; -
vLn = linspace(0,1l,nLn); )

line(xLln,vLln, "Color', 'k', "LineWidth',3); C e el

for i=1:k

fitR_sg = rsgquareCls{i).data.rsquare;
1f TitR_sg >= (0.9

al = cfunCls{1i).data.al;

bl = cfunCls (i) .data.bl;

cl = cfunCls(i).data.cl;

a2 = cfunClsii) .data.a?;
he = cfunCls{i}.data.b2;
o = cfunCls{i}y.data.c?;
probXiiy 0 al*exp(-((xvVal-bl)/cli . "2y + albexpi-ixVai-nd:/c2). " 2);



dispi|" Scaliness | Centroid |Roughnessi Memb.Deg | Dec.Skin Tons
']'r'
dispi(['--—-———~-—---—-———— fmm - fommm——— Fo—mm—————— Fom e
"11:
f-r i=1:k
= ' Score 1 ':
= ' 3Zcore 2 ';
= ' BScore 3 '
= ' Score 4 '
sprintf {'53.4{',centroids (i)}
{1y<19
dz = [' ',sCentrcids);
sprintf{'3.2f"',xVal);
sprintf('%.4f",probX(i));
i
= T k 1.
’ s
i
= ‘; ) -
dispi{ [’ t,sCls, ! ', sCentroids,' | ',sXVal,"' v, sProbX, "’
", sC1SOfX, ! [ '
end;
dispi{T———~~m—rm—— == o Fm——————— - e
1
disp{['Conclusion: '}};
disp({'xInput = ',sprintf{'%.2f"',xVal}),' is belong to cluster

', numZstr (clsOfX), " with membership degree ',sprintf('%.4f',maxProb}]):

210




APPENDIX H: LIST OF PUBLICATIONS

Journals

[

L)

Ahmad Fadzil M.H.. Esa Prakasa. Vijanth S.A.. H. Nugroho. Suraiva H.H..
Azura M.A.. "3D Surface Roughness Measurement for Scaliness Scoring of
Psoriasis Lesions". Computers in Biology and Medicine, (Accepted to be
published: 16 August 2013). Elsevier. (Impact Factor in 2012: 1.162).

Ahmad [Fadzil M.H.. Esa Prakasa, H. Fitriyah, H. Nugroho. Suraiva H.H..
Azura M.A.. "Validation on 3D Surface Roughness Algorithm for Measuring
Roughness of Psoriasis Lesion”. International Journal of Biological and Life
Sciences 8:4 2012, WASET Journal. (Indexed by Scopus).

Ahmad Fadzil M.H.. Esa Prakasa. Vijanth S.A.. H. Nugroho. C.I1. Chong.
Azura M.A., Suraiya H.H., “Development of Body Surface Area Measurement
using Multi-View Imaging for Psoriasis Area Assessment™, Australasian Physical
and Engineering Sciences in Medicine Journal, Springer Verlag. Volume 34.
Number 4, 559-637. 2011 (Impact I"actor in 2012: 0.885).

Ahmad Fadzil MH.. H. Nugroho. Esa Prakasa, Vijanth S.A. Azura M.A.
Suraiya H.H. "Soft Clustering of Lesion Ervthema for Psoriasis Assessment”.
Journal of Investigative Dermatology 2012, Volume 132, Nature Publishing
Group. (Impact Factor in 2012: 6.193).

Book Chapter

1.

o

Ahmad Fadzil M.H., Esa Prakasa, H. Fitnyah, H. Nugroho. Azura M.A..
Suraiya H.H.. "High Order Polynomial Surface Fitting for Measuring Roughness
of Psoriasis Lesion". The paper is published as Book Chapter in Lecture Notes
in Computer Science Volume 7066, Springer Verlag.

Ahmad Fadzil MH, Esa Prakasa, "Skin Surface Roughness Measurement for
Assessing Scaliness of Psoriasis Lesion". The paper is published as Book
Chapter in Surface Imaging for Biomedical Applications. Published:.April 15.
2014 by CRC Press. N '

Ahmad Fadzil MH. Esa Prakasa, "Determination of Lesion Colour for
Clustering Psoriasis Erythema”. The paper is published as Book Chapter in
Surface Imaging for Biomedical Applications, Published: Aprii 15,2014 by CRC
Press.

Ahmad Fadzil M, Esa Prakasa, "Body Surtace Area Measurement for Lesion
Area Assessment”. The paper is published as Book Chapter tn Surface Imaging
for Biomedical Applications, Published: April 15, 2014 by CRC Press.

211



Conferences

1.

1o

(5]

Ahmad Fadzil M.H.. Esa Prakasa. ’Digital Image Analysis-Assessment of
Scaliness and Thickness for PASI Scoring”, presented at The National
Postgraduate Conference on Engineering. Science, and Technology (NPC) 2009.
Universiti Teknologi PETRONAS. Seri Iskandar, Malaysia.

Ahmad Fadzii M.H., Esa Prakasa, H. Nugroho, H. Fitriyah. Suraiva H.H..

Azura M.A.. "Parallel Lines Extraction Approach to 3D Image Skin Surface for
Roughness Characterization", presented at The WACBE World Congress on
Bioengineering 2009, Hong Kong, China.

Ahmad Fadzil M.H.. Esa Prakasa. H. Fitriyah. H. Nugroho. Suraiya H.H..
Azura M.A.. "Validation on 3D Surface Roughness Algorithm for Measuring
Roughness of Psoriasis Lesion". presented at the International Conference on
Medical Informatics and Biomedical Engineering (ICMIBE) 2010, Rio de
Janeiro. Brazil. )

Ahmad Fadzil M.H.. Esa Prakasa, Vijanth S.A, H. Nugroho, Chi H.C. Azura
M.A. Suraiya H.H, "Development of Body Surface Area Measurement using
Multi-View Imaging for Psoriasis Area Assessment”, presented at the
Engineering and Physical Sciences in Medicine and the Australian Biomedical
Engineering Conference (EPSM-ABEC) 2011, Darwin, Australia.

Ahmad Fadzil M.H., Esa Prakasa, H. Fitriyah, H. Nugroho, Azura M.A., S.H
Hussein, "High Order Polynomial Surface Fitting for Measuring Roughness of
Psoriasis Lesion". presented at The 2nd International Visual Informatics
Conference (IVIC) 2011, Kuala Lumpur, Malaysia.

Ahmad Fadzil M.H.. Esa Prakasa. H. Nugroho, Azura M.A, Suraiya H.H. ¥
Sample Area for Surface Roughness Determination of Skin Surfaces"”. presented
at The 4th International Conference on Intelligent and Advanced System (ICIAS)
2012, Kuala Lumpur, Malaysia. .

Ahmad Fadzil M.H., Esa Prakasa, H. Nugroho, Azura M.A, Suraiya H.H, "
Body Surface Area Measurement and Soft Clustering for PASI Area
Assessment", presented at the 34th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC 2012), San Diego. USA.

Ahmad Fadzil M.H., H. Nugroho, Esa Prakasa, Vijanth S.A., Azura M.A,
Suraiya H.H, "Soft Clustering of Lesion Erythema for Psoriasis .Assessment”,
presented at The 42nd Annual Meeting of the European Society for
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APPENDIX I: PATENT DOCUMENT OF SCALINESS ALGORITHM
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1203
ne United States
2 Patent Application Publication 0, Pub. No.: US 2012/0308096 Al

Mohamad Hani et al, 13 Pub. Date: Dec. 6, 2012
(30 METHOPDOLOGY AND APPARATUS FOR (86 B Nes FCEAIY 100043
OBIECTIVE, NONENVASIVE AND INVIVO
ASSESSMENT AND R CTING OF PSORIASIS § 371 fenl
EESION SCALINESS USING DIGETAL 12). (4} Bage. Apr. 2, 2012
INEAGING - (30 _ larcign Application Prioriy Data
1T fnentors Abimad Fadrit Mohamad fiani. Fov. 82010 (MY) e P10 22
Lrench (MY 1 Esa Prakasa, Inoch - Pubjication Clussitication
Lk S el -
COSK Yoril (2006, »
T tgnan INSTEFUTE OF TECONOLOGY  (52) 1WS.CL . . . W2
PETRONAK $DN BHD. Tronolt. o ABSTRACT

Perak (MY
| e prescas nnventioa relaites peneradiy 10 @ method and appa-
s for assessing dita from digitad images ol psoriasis lesjon

220 Appl No- L1/d99,784 Tor said psoriasis lesion seoliness by agilizing o developad
. compliter viston systen o oblain Psoriasis Are wd Severdy
(223 PO Fikd: May %, 2011 Index (PAST parameters in particualay.
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