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ABSTRAK 

Kcbanyakan 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 basil penilaian antara penilai. Kajian ini menyiasat masalah ukuran 

kekasaran kulit untuk penilaian luka psoriasis. Psoriasis adalab penyakit kulit yang 

tidak boleh diubati. menjejaskan 2-3% penduduk dunia. Psoriasis scaliness adalah 

parameter penilaian utama daripada Psoriasis Area and Severity Index (PAS!) yang 

bersifat subjektif. PAS! scqliness menentukan jumlah sisik pada permukaan luka. 

Kajian ini mencadangkan penggabungan algoritma 3D surface roughness dan teknik 

clustering untuk menentuka':l markah PAS! scaliness secara objektif. High order 

;u>~rnomial sur{ace fitting d.igtinakan untuk menganggarkan 3D waviness sur/(Ice. 

Algoritma ini telah disahkan. pada kekasaran berstandard dan permukaan 

melengkung menggunakan 390 modelluka dan patung medik. Kekasaran permukaan 

· yang diukur sangat bresesuaian (0,989) kepada model luka dengan pelbagai gred 

kckasaran dan algoritma juga telah disahkan di permukaan patung medik dengan 

ketepatan 94.12 %. Algoritma pengukur kekasaran digabungkan dengan algoritma 

unsupe!Tised clustering bagi membolehkan penilaian objektif untuk pemarkahan 

PAS! scaliness. Sistem pengklasifikasi ini dibuat dengan menggunakan I ,999 luka 

psoriasis yang dikumpulkan daripada kajian klinikal melibatkan 204 pesakit di 

.labatan Dermatologi, Hospital Kuala Lumpur. Dua kaedab unsuprevised clustering, 

k-means dan fuzzy c-means (FCM) telah digunakan untuk membuat empat kelompok 

yang ditakrifkan untuk mewakili empat set markab PAS! scaliness. Teknik statistik 

kualitatif menggunakan pekali Kappa digunakan dalam kerja-kerja penyelidikan ini 

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 trlllh) 

manakala pekali Kappa antara dna imbasan pengukuran 3D secara berturutan adalah 

0.8473 (k-means) dan 0,8708 (FCM). Kesesuaian basil penilaian ini dianggap 

sempurna (> 0.81) dan dapat mengurangkan isu subjektiviti. Hasil kajian tesis ini 

menunjukkan babawa algoritma yang dibangun membolehkan sistem pengukuran 

objektif untuk penilaian PAS! scaliness luka psoriasis dalam amalan klinikal. 
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CHAPTER I 

INTRODUCTION 

This chapter discusses related research areas 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 clinical practice. 

Most of these methods employ visual and tactile senses. Features of skin disease 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. llowevcr. 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 assessment by 

quantifying the disease severity is common in clinical diagnosis as reported in the 

Medal website, listing 65 skin disorders that apply scoring method tor its assessment. 

Many scoring methods have been developed; in the Medal website alone. a total of 

J IJ methods are listed [I]. Disease severity is characterised by a score derived from 

the scores of observed parameters. 



In this research, the problems of skin roughness measurement for psonas1s 

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 a/. 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 et al. also reported the variety of psoriasis 

prevalence among regwns. 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 of5.2% [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 [ 1 0). 

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. 

2 



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 collagen 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. 

, ... , 

Sweat gland pore 

Arrector p111 muscle 

'------ Muscle layer 
below sk1n 

Figure 1.2 Human skin is composed by several skin layers [II]. 
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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 are 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, i.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 psoriasis 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, 

Hospital Kuala Lumpur from 2007 to 20 I 0. 

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

BSA. PGA, LS-PGA, SPI, and SAPASI for psoriasis assessment has been 

systematically reviewed by Bonsard et a!. [20]. Based on the review. there is no 

psoriasis severity scoring that meets all of the required validation criteria. 

Nevertheless, PASJ 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]. 

PASJ 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 

[21J. 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 PAS! assessment, the human body is 

divided into four regions namely, head, trunk, upper limbs and lower limbs. The 

P ASI 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 PAS! 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 PAS! score is calculated from following equation: 

(1-l) 

Score ranges for PAS! erythema (E), thickness (Tj, and scaliness (S) are from 0 to 4 

whereas the range for PASI area (A) is from 0 to 6. Four body regions namely, head, 

upper limb, trunk, and lower limb are denoted by subscripting h, u, t, and I 

respectively for each P ASI parameter. Variable E" for instance is used to represent 

PAS! erythema score at the head region. 
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The scaliness parameter is selected as PAS! parameter studied in this research. 

For PAS! scaliness assessment, dermatologists observe several lesions that are 

appeared on an examined body region. The PAS! scaliness scores arc 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 PAS! 

scalincss assessment. a simplified procedure is performed by dermatologists by 

selecting a representative lesion for the examined body region. The score obtained 

ti·om a representative lesion is then considered as scaliness score for the body region. 

Although the PAS! scoring has been accepted as the gold standard for psoriasis 

assessment, it is not used in daily practice. PAS! scoring is tedious. time-consuming 

(± 30 minutes/patient) and subjective. Four parameters must be determined at tour 

body regions (a total of 16 assessments). The subjectivity of the scores is influenced 

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 mclanocytic nevi 

patients are studied in [22]. Agreement study is also conducted to evaluate a new 

method for burn scar assessment [23 J. A better assessment method can be decided 

based 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 I' AS! 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 

rosacea skin disease. This disease is characterised by reddening on facial area. The 

dilated blood vessels 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 occur in adult ages (30 to 50) and people with fair skin f25]. However. in early 

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

(a) (b) 

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

To achieve objective assessment, the PAS! scaliness visual descriptors are 

studied and defined in terms on surface roughness, a measurable feature that can be 

used to differentiate P ASI 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 normal 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 detem1ination of normal and 

abnormal skin surface is crucial in the field of dermatology measurements. 

pm1icularly in the e\'aluation of therapeutic or cosmetic treatments. Skin surface can 

be characterised by physical features. such as dryness. smoothness. thickness. and 

roughness. 

Dermatologists conduct PASJ scaliness assessment based on some descriptions 

of a visual appearance. These descriptions are used as a standard guidance for 

determining the P ASI 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 parametcr(s) that can measured from digital surface 

image data. 

The current problems of P ASI scaliness assessment and surface roughness 

measurement are formulated as follows: 

• 

• 

• 

Dennatologist assessment can be subjective due to intra- and inter-rater 

variability of human assessment The subjectivity depends on the perception 

and the clinical experience of the dermatologist. 

Objective skin assessment might be perfonned objectively but the available 

methods require an invasive treatment on the measured skin. A tiny skin cut 

is sampled from the patient abd then analysed using a scanning 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 profile 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 ,rouglmess 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 ofthe 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 distal)ee measurement 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 

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

be described as follows: 

a. The first hypothesis 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 averaging the vertical-deviations 

of the rough srirfac·e:· Vertical deviation due to."the iesion is determined 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 algorithm can be 
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applied to obtain the boundary levels of lesion surface roughness for PAS! 

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. 

Estimated waviness 
Lesion surface 

-----~ 

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

1.4 Research Objectives 

Two research objectives are specified for the thesis. These objectives are described 

as follows: 

a. The first research objective is to develop 3D imaging algorithm for accurately 

measuring the surface roughness of skin lesions. The algorithm must he valid 

for all skin lesions that appear at any body parts. 

b. The second objective is to develop an objective and reliable PAS! 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 disease, PAS! 

parameter. and the size of acquired imag~s. The type of psoriasis lesion in the 

research work is limited to plaque psonasts. 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 psoria~is in 

Malaysia reaches 80.9% [33]. Surface roughness of psoriasis lesion is determined by 

applying 3D image analysis on scanned lesion surface. The PAST parameter studied 

in this research is limited only to P ASI 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 mm2 and the vertical heights are 

stored as a matrix with 640 x 480 data points in size. Figure I. 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 PAS I 

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 giwn for a body region is determined 

by selecting the commonest PAS! scores of psoriasis lesions a{ the same body region. 

The same procedure can be conducted by applying the proposed method. The 

surface measurement can be conducted repeatedly to another lesion located at the 

same region. Patient data profile. such as gender. age. ethnic. and medical histor;. 

would not be considered in this study. There is no significant difTerencc 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 I 

introduces background of the res~arch work. initially by illustrating the cutTent 

method on skin assessment and analysis. The method can suffer 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 o·n imaging method for skin roughness analysis. Scopes of work. such as 

the type of skin disease. studied PAS! parameter and acquired image are defined 

afterward. In the final section. organisation of the thesis details the thesis content 

started tl-om chapter I to 6. 

Chapter 2 presents a medical review of the skin structure and the clinical feature~ 

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 furthem1ore describes related methods that are used for surface 

rouglmess analysis. Surface roughness initially is determined by drawing a stylus on 

the measured surface knovm as mechanical surface profilometry method. Several 

tmagmg technologies for surface analysis, such as laser profilometry. speckle 

tmagmg. microscopy imaging, and structured light projection arc developed to 

enable 30 surface acquisition. Surface roughness is determined from the extracted 

roughness comronent of surf~tcc profile. To extract roughness components ii·om 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 transform. 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 manufacturing 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. 

Estimated waviness is extracted from the computed model for testing the 

pei·f,)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 surtace 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 oollection are detailed in the first section. 

Development and validation study of clustering algorithms are described in the 

following sections. Two unsupervised clustering algorithms - k-means and fuzzy c

means clustering algoritluns are applied to determine PAS! 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 \vork into a conclusion 

section. This is followed. by some recommendations and' suggestions 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 structure comprising 

several skin layers and a number of related diseases including the assessment. It 

begins from Section 2.1 that describes the characteristics of skin layers and their 

functions. Section 2.2. provides a detailed discussion about psoriasis. a chronic skin 

disease which is the object of study in the research work. This section also includes 

a discussion on various psoriasis types and its treatment methods lor reducing the 

et1ects of psoriasis. Following this. Section 2.3 presents the PAS! (Psoriasis Area 

and Severity Index) scoring methQd as a gold standard for psoriasis assessment in 

order to obtain the treatment efficacy tor the dermatologist in quantifying the 

psoriasis severity. The.contents.ofChapter 2 are tlnally 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 I. 7 m2 of body 

surface area [I 3]. The skin area between male and female will be different in size. 

For male. it ranges from 1.39 to 2.10 m2 and for female the area interval-is 1.19 to 

1.88 m2 [35]. Based on its structure, skin is- divided into two parts namely actual skin 

(cutis) and subcutaneous tissue (tela subcutanea) [ IJ]. the actual skin layer 

comprises of two layers - epidermis and dennis. Epidermis is a stratified squamous 

keratinous epithelium whereas dermis is a dense network of collagen and elastic 

fibres. Epidermis 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 comp-ared to 

other body areas ranging from 0.8 to 1.5 mm. The research is fiJCuscd 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 main tissue types - epitheliaL 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: (I) To protect the skin from mechanicaL the1mal 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 normal 

skin but for the di~eased skin, one or more functions would not be performed 

normally. Skin orgap, derivatives of skin (sweat glands, oil glands. hair. and nails) 

and accessory struciures (blood vessels and nerves) are integrated to form an 

integumentary system. The function of this system is to protect the human body 

from hannful 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 et a/. Their study foun9 that the psoriasis prevalence around the world 

is in the range of 0.6 to 4.8% [4]. In a recent review, Chandran et a/. 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 prevalences of 0.05-5.30% and 2.30%-

2.57%, respectively have been reported [5]. These prevalence data are obtained from 

clinical based and field survey from 1998 to 2009. However, if the worldwide 

population is used as the prevalence base then the psoriasis prevalence around :the 

world is about 2 to 3% [2][3]. The Dermatological Society of Malaysia studied that 

the psoriasis prevalence in Malaysia is 3% [6]. The Dermatology Department 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 tor each patient. 

lt is decided based on both disease progression and medical response of treated 

patient. 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 adults, psoriasis is believed to be the most prevalent immune-mediated skin 

disease, which is initiated by an activated cellular immune system. Therefore. the 

psoriasis is 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 [3 71. 

Pathogenesis of psoriasis has not been being completely understood until 

recently. The immune system and T lymphocytes so far arc considered as the 

initiator for psoriasis. In response, the epidermal cell cycle is then shortened 

resulting in silvery scale lesions [38 1. The psoriasis scales are formed from a numher 

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 

varying in time hut also specific for each individual. 

In characterizing psoriasis, four abnormalities can be used. The first abnormality 

is 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 

psonasts erythema. The second condition ts inflammation m which 

polymorphonuclear leukocytes from the dermal vessels move into the epidermis. 

!I ere. the number or leukocyte of psoriatic lesion significantly increases and many 

immune-related pathways are activated [39]. In turn, lesions with a large amount of' 

acti\ated T helper cells (CD4+ and CD8") will release proinf'alammatory cytokines. 

The cytokines cell is signalling cell that can activate body immune system result in 

skin inflammation. The third abnormality is hyperpoliteration (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. 

Normal skin 

Recticular 
dermis 

(a) Histology image and corresponding scheme of normal skin 

Psoriatic plaque Epidermal scale 

stratum corneum 

Papillary dermis 

Elongated rete 

Reticular dermrs 

(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 lesions typically appears in certain locations such as scalp. ears. elbows. 

umbilicus (belly button), buttocks (gluteal cleft) and genitalia areas. knees. soles of 

the teet, fingers and toes. It is possible for the lesions to grow at moist areas: f(1r 

examples in armpits. under breasts. and groins [40]. Figure 2.2 describes the lesion 

locations that are commonly found In psoriasis cases. 

chest 

upper trunk---. 

elbows----

umbilicus 

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 J [41 J 

r 42J. 
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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. 

(a) (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 gutta meaning a tiny drop. The drop gives a 

description of the acute onset of unnumbered tiny psoriasis lesions with diameter 2 -

I 0 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) (b) (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 

Flexural 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 is 

misidentified as candida!, intertrigo, or dermatophyte infections [ 43]. Figure 2.5 

shows the folded skin areas that are affected by psoriasis. 

(a) (b) (c) 

Figure 2.5 Flexural psoriasis 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) (c) 

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 Erythrodennic psoriasis covers most of body surfaces at areas such as (a) 
trunk [51], (b) lower limbs [52], and (c) 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-8 (NBUVB, 315 - 280 nm) and Psoralen Ultraviolet-A 

(PUV A, 400 - 315 nm) treatments are aimed to improve the patient condition. In 

systemic treatment, vanous medicines, such as methotrexate, retinoids, 

sulphasalazine, cyclophosphamide, 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 [59]. 

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 paran:teters 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 ~o 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 patient 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 

evaluate 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 

erythematosus. This method assesses four parameters (erythema, scale, 
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dyspigmentation, and scarring) at 16 anatomical locations, such as scalp, ears. nose, 

hack, arms, hands, legs, etc. CLASI scoring is applied to evaluate treatment ctlicacy 

on cu/uneous lupus erythematosus disease f67J. 

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 

Index (PAS!) ll9], [68]. [69]. 

Among the existing psoriasis sconng 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. I lowever. due to the 

inherent subjectivity of human assessment most of these scoring methods sutler 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 arc performed by using visual and tactile senses. A 

standard guide based on physical characteristics of the disease is used b) 

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 diseases. Chen el 

ul. studied inter-rater reliability in leprosy 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, lcprologisL medical 

students. and leprosy staff were considered as the raters and involved to examine the 
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disease [70]. Forbes-Duchart eta/. 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 elasticit~). and height (scar thickness). In the 

analysis of K agreement between two raters, it is found that all MVSS parameters 

have a low inter-rater reliability. The maximum K coefficients for pigmentation, 

vascularity, pliability. and height parameters are 0.16, 0.25, 0.38. and 0.58 

respectively. The research suggested the use ofMVSS total scores rather than that of 

individual parameters [71]. 

Berth-Jones J. el a/. reported that intra-rater reliability of three scoring methods 

for psoriasis (PAS!, CoPAS!, and PGA) cannot be categorised as a perfect 

agreement. In the inter-rater reliability evaluation, agreements of PAS! and CoP AS! 

arc considered only substantial and become lower for PGA assessment (moderate 

agreement). In this regard, CoPAS! might be better than PAS! 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 

assessment [72]. Although the scoring parameters have been simplified, the intra 

and inter-rater variations problem remam. 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 P ASI scoring method was proposed by Fredriksson and 

Pettersson in 1978. This new assessment is used to evaluate efticacy 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 PAS! score functionally is used to indicate 

the reduction of psoriasis severity [21]. 

As mentioned in previous chapter. there are four PAS! parameters - area. 

erythema. thickness, and scaliness - that need to be assessed in a round PAS! 

assessment. Dermatologists carefully select the representative lesions trom each 

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 arc 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 173]. 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 been assessed b) 

dermatologist (Dermatologist I). Figure 2.9 shows a summary of the PAS! score 

trotn the assessment. 
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2 Area Erythema Thickness Scali ness 
[0- 6] [0- 4] [0- 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 ofPASI scores summary obtained from dermatologist 
assessment to a psoriasis patient. 

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

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

PASI = 0.1 X (1 + 1 + 1)1 + 0.2 X (1 + 2 + 3)2 + 

0.3 X (2 + 2 + 2)2 + 0.4 X ( 4 + 3 + 3)4 

PASI = 0.3 + 2.4 + 3.6 + 16.0 = 22.3 

(2-1) 

(2-2) 

(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 

etlicacy. In this case, the given treatment is considered significant if total PAS! 

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 P ASI 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 PAS! scores usually are not more than 40 [74]. 

PAS! 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 PAS! scaliness scores. 
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Table 2.1 Features for PASI scaliness scoring used by dermatologists 

PAS! Score P ASI scaliness visual descriptors 

0 No scale 
I Fine scale, some of lesion covered by scale 
2 Coarse scale with most lesion partially 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 PAS! scaliness scores 0 to 4. These 

images are used to provide training on PAS! assessment. The high score lesion is 

rougher compared to the lesion with low scores. It is clear that the lesion roughness 

is related to the scale appearance on the lesion surfaces. As shown in Figure 2.1 0, no 

scales appear on lesion score 0 and only fine scales at lesion score I. However, at 

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

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

In its application, it is found that PAS! 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 in 

PAS! scoring but all parameter scores are obtained only from dermatologists' 

observation and assessment [76]. Regardless of those drawbacks, the PAS! scoring, 

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 appearance. The 

types include plaque, guttate, flexural, and erythrodermic psoriasis. Plaque psoriasis 

is the commonest case among the psoriasis types. Considering that psoriasis cannot 

be totally cured, a long term treatment for this disease is highly needed. 

Psoriasis assessment using PAS! (Psoriasis Area 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 PAS! score is used to indicate the 

reduction of psoriasis severity. 

PAS! scaliness assessment is conducted by dermatologists based on their visual 

and tactile perceptions. The PAS! 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 

PAS! a~sessment is subjective, time-consuming and requires trained physician. 

Although these disadvantages are permanently extant in PAS! scoring method, the 

scoring method is still considered gold standard for psoriasis assessment. 

30 



CHAPTER3 

SURF ACE MJ;:ASUREMENT METHODS 

Chapter 3 describes about the background information of the methods for measuring 

surtace roughness and analysing the measurement results using a clustering 

algorithm. Section 3.1· reviews the methods of the surface roughness analysis. In the 

initial section. a long history of the surface roughness implementation is presented. 

Since the beginning er.a .. mechanical surface profilometry has been commonly used 

to measure the surface texture of manufacturing and metallurgical products. I-I ere. 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 ti1ct 

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 3D surface 

measurements are presented in this subsection; those are laser profilometry. light 

scattering and structured light projection. To enable surface roughness i11casurctiiCiiL 

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 some 

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. 
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3.1 Surface Roughness Analysis 

. . 
The main problem of assessing surfaces is related to the small size of the machining 

marks. Surtace roughness is one of important quality parameter in many industrial 

applications such as manufacturing process of metals, semiconductors, ceramics, 

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 

lactory [78]. To standardise the assessment. several samples with certain roughness 

were provided to be used as the references to compare with the assessed surfa<;:e. By 

comparing with these reference samples, the metallurgists were able to classify the 

assessed surface according its roughness levels. 

3.2 Mechanical Surface Profilometry 

Mechanical surface profilometry is a conventional method for measunng surface 

roughness. It 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 inter~reted as the roughness p~ofile of the surface. The scan resolution 

of stylus profilometer is limited by the diameter size of stylus tip [79]. To obtain a 

reliable measurement, 1idge valleys of the surface profile should be wider than the 

diameter size. If the valley is narrower than the stylus 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 flm2 it requires 

at least I 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 I 0 

nm. 

Despite these advantages, the mechanical surface profilometry has several 

drawbacks: 

• 

• 

Contact stress of stylus tip ~an damage the scanned surface. The stylus also 

could scratch the surface especially for the sot! 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 timc

consummg. Based on this constraint. the sample area is typically I imited to a 

small size only. 

The drawbacks founded on mechanical surface profilomctry motivate the researchers 

to develop non-contact techniques for surface roughness determination. 

3.3 Imaging Technologies for Surface Analysis 

A tier established for hundred years. 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 

bet\\ecn the sensor and the scanned surface. 

Physical stylus is not longer used as a profiling sensor. The ti.mction has 

been replaced by applying a light medium that can omit the probe breakage 

problems. 



• 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 1 and n2 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. 

Light in 

Output 

n, n, 
T Z(xj 

+=I ===n, ~n, -,-

Output 

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 laser 

camera in extracting the elevation profiles of the scanned surface. The laser light is 

exactly reflected 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 reference 

plane. 

Light 
sensitive 
detector 

Laser source 

Reference 
distance 

Figure 3.2 Laser triangulation oflaser camera. 

The laser protilometry has some advantages such as providing high resolution 

scan. being able to penetrate and scan deep surfaces and being adapted with an: 

~inds 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 

arc 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 

lesion 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 oftape 3 (pointed by arrow I) 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 20 camera. The roughness differences arc determined based 

on the characteristic of reflected lights. Figure 3.6 shows the reflected light of two 

surfaces with different roughness. 

Light beam Photo sensor 

Smooth surface 

(a) 

Light beam 

L 

Photo sensor 

Rough surface 

(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 tn uniform 

direction to the camera. In the other hand. rough surface will return 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 arc 

reflected by smooth surface with the same reflection angles. The intensity received 

by photo sensor at rough surface will be lower. The reflected lights arc scattered due 

to 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 rellected 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 

50 nm whereas the rms-roughness of rougher surfaces is 300 nm. The surface is 

made of stainless steel and it is illuminated 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 

reJlccted 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). 

(a) (b) 

9()" Oz 

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 reJlected 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 illuminated 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 30 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. 20 images of the surface with 

se,·cral projected patterns are computed to reconstruct 30 surface. Depth 

information is interpreted from deviations of the projected patterns on the surface. 

Currently. some pixeJ-,,·ise addressable projection systems 0 n the basis of micro 

mirror projectors have been being used to create certain projected patterns. These 

projector systems in their application are able to generate various types of the pattern 

,,·ith high resolution. Furthermore. the application scope of the method has been 

expanded from measuring small size area to the large co\·erage 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 

illuminates 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 applying this method. 

the surface 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 area of projected pattern is composed by an equidistant of several line 

triangulations. 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 30 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 diagram 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 a. the distance of the 

projector to the camera. and the distance of the camera to the reference measured 

surface. The principle of 30 surface acquisition is mentioned in the following 

section as me1itioned in [ 84] [85]. l'hase-shi tting method has been widely applied in 

30 surface measurement in consideration of its scanning speed and high accuracy. 

39 

' 



Initially, three images are required 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 

ditTerentiated with a phase shift angle 8. These three images. can be expressed by 

following equations. 

11(x,y) =10(x,y) + lmod(x,y)cos(cp(x,y)- 8) · (3-1) 

12 (x,y) = 10 (x,y) + lmod(x,y) cos(cp(x,y)) (3-2) 

l3(x,y) = 10 (x,y) + lmod(x,y)<;:05(cp(x,y) + 8) (3-3) 

Variables /1 (x,y). 12 (x,y), and !3(x,y) denote the intensities of three fringe 

patterns. I 0 (x, y) represents the background intensity and I mod (x, y) represents the 

modulation signal amplitude. Meanwhile, variables cp(x,y) and 8 are the phase and 

the constant phase-shift angle, respectively. The phase map cp(x,y) is calculated by 

applying three fringe images as wrjtten in the following equation. 

(3-4) 

The phase cp(x,y) calculated in (3-5) will have a range from -rr to +rr and 

discontinuity points at multiples of 2rr. These discontinuities are located and then 

discarded by adding or subtracting the phase cp(x,y) with multiples of 2rr. The 

equation for removing discontinuity is given by 

<P(x, y) = cp(x, y) + 2krr (3-5) 

The ¢(x,y) and <P(x,y) are known as the uin\.'f.apped and \\'fapped Images, 

respectively and variable k denotes the projection period. The elevation map in 3D 
. . 

coordinates is detem1ined based on the phase difference between the measured 

surface <P(x,y) and reference surface <P0(x,y). The phase of reference surface 

<P 0 (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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Figure 3.6 Diagram for depth calculation based on phase differences. 

Equation (3-6) is then simplified to obtain the following equations: 

L-Z 
Z=--d 

B 

z = (~- !)d 

Since Z «B. it can be considered that:_"' 0. This simplification can give 
B 

L z,-d 
B 

(3-6) 

(3-7) 

(3-8) 

(3-9) 

It is known that dis directly proportional to the phase diflerence. d ex: (<P- <1> 0 ). 

and then the equation (3-9) is modified to obtain a new expression (3-1 0). 

L 
Z "'- (<P- <Po) 

B 
( 3-1 0) 

According to this method. the measured skin surface is exposed by a structured 

fringe-shaped light projection. The light is projected by applying projection angle u. 

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 

autonomous nervous system. Despite the method advantages, there are some 

limitations 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. ISO 

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 object 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]. 

' 2.4~. 

2.2: 

2-

- I 
~ 1.8'· 

N 1.61-
ul 

I 
1.1c 

1' 

50 

Waviness 

-~·-----I ______j_ __ 

75 100 125 150 
_ _____L_ 

175 
X{mm) 

/ 

·"---" 100 225 

Form 

--~--.i- j 
250 275 300 

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 \\m·elength. The 

roughness is the component \\·ith short ,,.a,·elengths whereas the longer ones belong 

to the \\aviness and form [90]. ISO 115621. a standard for the manufacturing 

application, defines the separation point bet\\·een roughness and \\·aviness based on 

its \vmelengths. figure 3.8 depicts this component separation. The distribution of 

the roughness \\avelength is denoted by R whereas waviness wavelength IS 

represented by W. The \\avelengths of roughness profile range from il1 to A2 In 

,,·hich the shorter \\avelengths (it< ;\1) exist in the surface. Howe,·er. its quantity is 

not significant and can be neglected. The waviness profile has longer wawlcngths 

ranging from .:\2 to ;\3 in \\hich wavelength .:!2 is assigned to a wavelength that has 

the proportion of 50:50 for its roughness and \\aviness. The .:\3 • meam,hile. is used 

to separate the waviness and form profiles [78]. 

100% 

50% -------

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

·. 
The characterization and separation methods of surface profile are therefore 

· important in a surface determination. These methods are implemented as a filtering 

process to the measured data. There are several filtering methods that can be applied 

. to separate the surface component~ [90] such as Fourier transform, Gaussian filter. 

\\avelet. 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 several segments. A mean line is subsequently created lor each 

segment. The line is drawn to represent the gradient between the segment intervals. 

Vertical deviations are then determined by subtracting the actual profile to the 

gradient line. Nowadays, some computational methods arc 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. t 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 are defined by a user to 

enable a surface profiles differentiation [91]. In 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 roughne~s 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. Ci_aussian filter. Both filters 

are used to characterise the surface profile components 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 oflevel in the filtering process. 
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Figure 3,9 Wavelength distributions ofroughness and waviness [91 J. 

3AA 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 plane. 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 area. 

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 

different curvatures [93] (94]. Polynomial surface fitting is usually fitted into a 

rectangular mesh of XYZ coordinates. Buxton el al. have found that the whole 

human body curvature can be constructed using interconnection of rectangular 

meshes [95J. 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 profilometcr, 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 

~--d'-+i: Sampling length 

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 oy 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 

surface roughness algorithm. 

3.5 Surface Roughness Parameter 

Most of 30 surface parameters are extended from the earlier 20 parameters of 

surface roughness. These 30 parameters w~re initially proposed and listed in 1990s. 

The parameters consist of 14 parameters leading it to be known as "Birmingham 14" 

[88 ]. New parameters were included to the list afterward. The ASME B46.1 has 

also included some 30 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 1s 

differentiated based on the direction of the measured unit. The groups are including 

amplitude, frequency, and combination of amplitude-frequency based parameters. 

46 

• 

• 

• 

• 

• 

• 



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 

directions. these two parameters are combined in order to provide an amplitude

lrequcncy parameter. Figure 3.11 displays the distances used for surface roughness 

determination. 

)J; 

Ol 1 
.J(' ,., 

X(mm) 

Vertical distance 

Slope: 
combination of 
vertical and 

Figure 3.11 Three main groups of surface roughness parameters. 

Several roughness parameters are classified as amplitude parameters such as 

av.:rage roughness (Sa). root mean square roughness (Sq). maximum pro1ile peak 

height (Sp). maximum profile valley height (Svl- maximum height of the profile (S,). 

and average maximum height of the proftle (S2 ). Here. average roughness (Sa) is 

defined as the average of the absolute vertical deviations measured from the mean 

surface. Root mean square roughness (Sq), meanwhile, is determined by applying 

root mean square to the profile me~sured from the mean surface. Maximum profile 

peak height (Sp) additionally refers to the distance to the highest point of the profile 

measured from the reference surface. Maximum profile valley height (Sv) and 

maximum height of the profile (S,) are determined as the distance of the lowest point 

to the reference surface and the distance between the highest and lowest points of the 

surlace profile. respectively. Lastly. the average maximum height of the profile 

refers to the average of the successive values of Su which is calculated over the area 

of the profile. The Su 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, Sz will be equal to 

St. 

Furthermore, the mean peak spacmg can be used to determine the surface 

roughness based on a horizontal distance. This parameter is denoted by variable of 

SSm. 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 gre<l;ter maximum profile height between two 

zero crossing compared to a threshold. The threshold is usually set at 10% of Sz. 

The second condition is that the spacing between two zero crossing is greater than a 

threshold; typically it is I% of the sampling area. 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 su~faces is correlated (R 2=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 knmm 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 dennatologist. A pathologist will handle the 

analysis pat1 of the skin sample. Both processes require \\·ell trained medical 

personnel and may take 3 to 10 days for the results of the analysis [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 elasticity at wrinkled area. The skin sample is obtained by performing 

skin biopsy on the skin sample (99]. Scanning Electron Microscopy [ 1 00] on skin 

sample is considered as an invasive method. The texture impression is then observed· 

using microscope to photograph the microscopic pattern of skin ridges and furro\\s. 

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 directly 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 also known as in-1·im 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 ~eplica (101] [102] [103]. Since 1962 the silicon 

rubber plastic has been used to make an impression of skin texture by Sarkany [I 04] 

[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 repiication steps. An 

experienced 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 11 06]. 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 

itself is very slo\\·. 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 bv Gassmueller et a/. [I 07] ranging from 0.15 to 1.00 mm/s 

[I 08]. 

Light medium is applied to improve scan speed m surface roughness 

detem1ination [I 09]. 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 1magmg techhologies · ·~an 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 [II OJ can be increased until 250 mm/s 

[Ill]. 250x greater that scan speed of stylus profilometer. By applying light 

protiling. 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 initially applied in 

cosmetic industry - in which, as mentioned 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 profi]{)metry 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 mm [113]. 

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 Ra, Rp, 

R t, Rmax' and others [I 14]. 

Stripe projection method has been applied to determine in vivo. skin surface 
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roughness [ 115]. By measuring in1·il·o skin surface roughness. inaccuracy caused b: 

skin replica is investigated [1!6J. A 30 optical scanner using ti·inge projection 

method is used to acquire 30 surfaces from the actual skin surface and skin replica. 

Both scans are compared to find the 30 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 is measured 

by analysing a number of digital images of lesion samples. The roughness parameter 

of healthy and :unhealthy skin can be characterised by roughness parameters such as 

Ra. Rq. and peak~peak height (Ry) [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 is found to be related to the surface roughness 

[118 j. A number of the texture analysis methods. such as co-occurrence matrix II I 9 I 

and fractal analysis [120], have been applied to determine the roughness from the 

speckle images. In a recent t'Csearch. Tchvialeva et al. [I 09] proposed a speckle 

contrast method in order to determine the surface roughness. The results. afterward. 

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

Several methods are available for skin roughness determination. However, there 

are uncertainties in the methods that have not been defined yet. The methods have 

not been validated at various locations of the body surface. The reported studies 

have been selective in the location of the body surface such as cheek [I 21J. back 

hand & upper buttock [122], facial area [123], volar forearm, lower back, thigh 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. surf1Ke roughness is not only measured to normal area but also to ~.kin 

lesions. Table 3.1 summarises the comparison of 3D acquisition methods -

51 



mechanical surface profilometry. laser profilometry. light scattering. and structured 

light projection- that currently used for surface measurement 

Table 3.1 Comparison of3D acquisition methods for surface measurement 

Methods Advantages Oisadvantages 

• Measurement is • The scan resolution of stylus profilometer is limited by 
Mechanical 

performed to the the stylus size [79]. If the size of stylus tip is bigger than 
surface 
profi lometry 

object without any the vertical gaps then a number of vertical points might 
prior treatment [80] not correctly be profiled by the stylus tip [80]. 

• The measurement • The scanning process can be time-consuming. To obtain 
can cover a wide topographical information, a number of the consecutive 
range from tens of line scans are required. To reduce scanniAg time. the 
microns to ten of sample area is limited to a small size only-[79] [80] 
mm [80] 

• Contact stress of stylus tip can damage and scratch the 
surface especially for the soft materials [8{)] 

Laser 
• Provides high • The scanning process that cannot be perfq!m~d as a fast 

Profi lometry 
resolution scan measurement 

• It has ability to scan • The surface information obtained is not a grid matrix of 
deep surfaces elevation data. An algorithm for converting coordinate 

• The laser light can 
system is required to construct the grid matrix 

adapt with any • The scanning cannot be properly performed for the 
kinds of materials regions with some vibrations on the surface such as skin 

surfcices at the chest regions 

Light 
• The methods can • The method requires sophisticated system arrangement 

Scattering provide non-contact and standardised environment lighting. 
measurement and 

and Speckle 
fast scanning [77] 

• The measurement surface is usually limited to the small 
Imaging size area, 

Structured 
• By performing fast • The resolution of the measurement is limited by the 

Light scanning, the resolution of the projection 
method overcomes Projection the scan problem on • And the imaging CCD arrays. Multiple projections and 

' 
constant vibration multiple viewing cameras can be used to improve the 

of skin surface resolution of the measurement.[86] 

• Scanned surface is 
• Elevation cannot be measured accurately at local 

acquired as a grid shadows and isolated surfaces[87] 

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 

described m the beginning sections. Manufacturing and metallurgical process 

applies a mechanical surface profilometry to quantify the product surfaces. The 

profi lometer system, at this point, has utilised a sharp needle to extract the profile 
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ele,·ation 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 

\Yhereas 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 directly without any physical contact. In this chapter, 

\Wll-kno\\·n 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 

laser 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 .:pr,lVide high resolution images. the process is 

considered to be time-consuming._ Light 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 

surface roughness. These methods can provide non-contact measurement and fast 

scanning hut they require sophisticated system arrangement and standardised 

em·ironment lighting. A more advanced method of 3D surface measurement is 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 deviated patterns on the surface. This method can perforn1 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 to smooth the surface profile. However. Gaussian filier 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 
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computational costs but also is difficult to define the number of decomposition 

levels. The polynomial surface fitting as the last filtering method has been vvidely 

used in 30 surface characterisation. The surface fitting determines the mean plane 

that represents the nominal direction of a surface. The fitting can any arbitrary 

curved forms inc! uding 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 persohnel 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 persOl.l.:__ 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 mediu~ 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 Ra, RP, Rt, and Rmax 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 has been developed to 

enable objective measurement. The development of this surface roughness algorithm 

is elaborated in the next chapter. 
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CHAPTER4 

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 

titling. 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 v.ertical 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 ·system 

performance. This chapter also includes an evaluation on the rotational invariance 

and the sample area detem1ination. 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 Paramet~-.Jor P ASI Scoring 

As mentioned in the earlier chapter, surface roughness is used as the measurable 

features to grading the psoriasis scaliness. These features are selected based on the 

surface .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. 30 optical scanner is now available to 

perform fast surface scan at high resolution. 

Figure 4.l(a)-(c) describes the 3D correspondence between skin surface 

roughness and scaliness. severities (scores). Figure 4.l(d) illustrates the roughness 

profiles of normal skin; i.e .. lesions with score I and score 4. In lesions with score 4, 
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large vertical deviations have been observed that are caused by cxcesstvc coarse 

scales irregularly 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. 

E 
E 

N 

8 

4 

0.2 

0.1 ~ 

0· 

(a) 

18 " 30 

26 X (mm) 

~.-::~.":.-:.~.-. f •• • ..... ·· 
.0.1 

I 
0.5 1.5 

20 

Y(mm) 

2 2.5 

0.5 

I o 
N 

36 ""·' • 34 
~- 30 32 

15 ,, 28 X {mm) 

(b) 

15 

Y(mm) 

32 

36 
34 

10 30 X (mm) 

(c) 

' ' 

' ' ' ' ' 

3 
X(mm) 

(d) 

I.-Normal skin····· Score 1 ---score 4 1 

r' 

3.5 4 4.5 

.. --... 
' ' ' ' / ' 

5 5.5 6 

Figure 4.1 3D surfaces of (a) normal skin. psoriasis lesion (b) score 1. and (c) score 
4: (d) Rough profiles of normal skin (solid line).lesion score I (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 

Figure 4.2 The cross-sectional view of a skin lesion on normal skin surface 
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A 30 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 30 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 30 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 

[93]. 

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: 

z2 (x,y) = (a1 x 2 + a2 x + a 3 )y2 + (a4x 2 + a5 x + a6 )y + 

(a7 x 2 + a8x + a9 ) 
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The third order polynomial: 

z3 (x,y) = (a 1x 3 + a2x 2 + a3x + a 4 )y 3 + (a 5 x 3 + a6 x 2 + a7 x + a8 )y 2 

+(a9 x3 + a10x2 + a11 x + a 1z)Y 

+(a13 x 3 + a14x 2 + a15 x + a 16 ) 

(4-2) 

To create a surface based on a polynomial equation. 9 and 16 polynomial 

coefficients are required for the second and third polynomials. respectively. The 

coefficient of determination (R2
) is used to measure fittingness of polynomial fitting 

(127]. A good fit can be obtained if R2 is in interval [0.9. 1.0]. The best fitting result 

of the polynomial orders is selected based on the highest R2
. The equation of R2 is 

expressed in following equation: 

(4-3) 

where z(x1,y1) represents the elevation of lesion surface. zreprcsents the elevation 

average and wk( x,, y1) is fitted value at ( x1, yJ using k-th order polynomial. The 

surface roughness is detem1ined by using average roughness (Sa) equation [128]. In 

this equation. the surface roughness is calculated by averaging the absolute vertical 

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

Variable e( x1, y1) denotes the vertical deviation of lesion surface at (X;, y1 ). 

M N M N 

Sa= MlNLLiz(x;,yJ-wk(x;,yJ)i = MlNLLie(x;,yJ)i (4-4) 
i:::::l j=l i=l j=l 

4.2.2 Surface Roughness Calculation 

The surface rouglmess 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 R2 

59 



I Start I 

/ Segmented rough surface / 

+ I Divrde the rough surface into 2x.2 subdivided surfaces tZ0;. - 7 - ) I Lo::. ~cCJ- Lc.J 

Initialise subdivided index k = 0 , 

No 

~ Yes 

I k=k+ 1 I 
I Create estimated surface ( W~l by polynomial surface fitting to subdivided surface (Zo~l I 

I Determine the coefficient determinant R2t D~. 1 I 
..t. No 

~ s 

I Subtract the subdivided surface by estimated surface to determine I deviation surface. E.~ =[ ZL*- W..,[ 

Determine surface rouglmess of ZDK. Sa\Zok)- average(E.d I 

Final surface roughness Sa( Z) = ( S 8( Z01 )+ .. -+S ~( Zok l )lk 

Final coefficient of determinant R.?'(Z) = tR2 r(Z01 J+ ... +R2~\ZoKt)lk 

I Stop I 

Figure 4.3 Flowchart of the surface roughness algorithm. 

The detail explanation on surface roughness algorithm is c:lescribed as follows: 

a) Input a 3D lesion surface matrix, Z0 (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. 

b) Divide the lesion surface into 2x2 subdivided surfaces that gives four subdivided 

surfaces, namely Dt, Dz, [h, and D4, as shown in Figure 4.4, Half division ·is 

applied symmetrically to each side of the: lesion area, thus the size of each. 

subdivided surface becomes ~ X !!. = L. 
2 2 

c) For each subdivided surface, D1 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 V contains the elements of the polynomial equation, the 

coefficients of polynomial equation are stored in matrix A, and matrix Z 
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represents the subdiv·ided lesion surface. 

_,;_s 
~ 3.6 
-3.4 
N 3.2 

VA =Z 

X(mm) 

A= v- 1z (4-5) 

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

d) ror the first stage, the second order polynomial is selected to find polynomial 

coefficients A. Once the coefficients have been determined. the estimated 

waviness surface can be constructed. The waviness is obtained 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 V2 A2 = Z01 

to denote a second order polynomial fitting at subdivided surface D1 . 

e) The matrices elements of Vz, A2 and Z0 ,arc given by the following forms. Here. 

variable L refers to the total number o'tdata points at a subdivided surface. 

xzyz 2 yf . 2 xf Xi 1 1 1 X1Y1 X1Y1 X1Yt y, 
xzyz 2 Yi 2 

X2Y2 Y2 x2 x2 1 2 2 X2Y2 X2Y2 2 
xjyj 2 yj 2 X3Y3 Y3 x2 x3 1 

V2 = X3Y3 X3Y3 3 
x2y2 2 Yi 2 x2 4 4 X4Y4 X4Y4 X4Y4 Y4 4 x. 1 

(4-6) 

x2y2 2 yf 2 x2 XL 1 L L XLYL XLYL Xl.YL YL L 

A2 = [a1 az a3 as a9F (4-7) 

Zo, = [z0, (x1,y1) zo, Cx2, Y2) zo, (x3, Y3) z0, (x~.,y~.)JT (4-8) 

f) The matrix of polynomial coefficients Az is unknown and inversion A 2 = 

V2-
1 Zn, is applied to determine its values then. The polynomial coefficients of 
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Az are determined by applying the equation below. 

-1 
xfyf 2 

yf x2 1 Z01 (XvY1) a1 X1Y1 1 x1 

a2 xiyi 2 X2Y2 Yi X~ x2 1 Zo1 Cx2, Y2l 
a3 x2y2 2 yj xj x3 1 z0 , (x3, YJ) 

= 3 3 X3Y3 X (4-9) 
xlyf 2 

yf xl 1 zo, (x4,y4) X4Y4 x4 
as 
ag x2yz 2 

yf xf XL 1 Zo1 (XL,YL) L L XLYL 

g) Waviness surface W2(x,y) (Figure 4.5-b) is estimated by applying the second 

order polynomial surface fitting with coefficients A2. The estimation is limited 

for (x,y) coordinates at D1 area. An eq~:~ation for determining W2 (x,y) is shown 

by following expression. 

W2 = V2A2 ( 4-1 0) 

W2(X1,y1) xfyf 2 
X1Y1 yf xf x1 1 a1 

w2Cx2,Y2l x~y~ 2 y~ x2 x2 1 a2 X2Y2 2 
Wz(X3,y3) x~y~ 2 yj xj x3 1 a3 

= X3Y3 X 
Wz(X4,y4) 2 2 2 yf xl x4 1 . X4Y4 X4Y4 

as 

( 4-1 I) 

Wz(XvYL) 2y2 2 
yf x2 XL 1 a9 

L L XLYL L 

h) Deviation surface, E2 (x,y) (Figure 4.5-c), is determined by ,subtracting the 

estimated waviness, W2 (x,y), from the ~esion surface Z01 (x,y). The equation is 

E2 (x,y) = iZo, (x,y)- W2 (x,y)i. 

i) The coefficient of determination (R 2 ) is calculated to evaluate the fitting result. 

Here. W2 (x,y) is· accepted if R2 is within [0.9, 1.0]. The equation for 

determining R2 is provided in (4-3). Notation Ri(D1 ) is used to denote the R2 

of the second order polynomial surface fitting at the subdivided surface D1 . 

Equation ( 4-3) is used to determine this coefficient. 

(4-12) 

j) Equation (4-4) is used to determine the surface roughness Sa at the subdivided 

surface D1 . The input variables for this equation are deviation surface £ 2 (x, y) 
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with matrix size ~ x !!.. 
2 2 

1>1_ N 
2 2 

Sa.z(D,) = (~ ~ ~) ~-~lzo, (x;, Yi)- Wz(x;,yi)l ( 4-13) 

Notation Sa,2 (D1 ) is used io represent the surface roughness of the subdivided 

surface D1 that is determined by the second order polynomial surface fitting. 

k) Repeat step 4 to I 0 to compute the surface roughness values for other subdivided 

surfaces .. D 2 to D4 . These computations are performed separately for each 

subdivided surface. The overall surface rouglmess of lesion surtace is obtained 

by m·eraging the surface roughness of subdivided surfaces. Here. the surtace 

roughness of a subdivided surlace will not be included in Jinal calculation if 

R2 of polynomial surface fitting is not within an acceptable interval [0.9. 1.0]. 

Thus. the overall surface roughness oflesion surface can be expressed as 

- LNo 5 (D) s = l=l a,Z 
1 ·ro 9 < R2 (D·) < 1 0 N < 4 

a.Z N D , I · - 2 1 ~ • , D - (4-14) 

The overall coefficient of determination R 2 is computed as well by using the 

equation below. 

- LNo Rz(D) 
R2 = l=l z ' ·ro 9 < R2 (D·) < 1 o N < 4 

2 Nv • 1 · - z r - · , D - ( 4-15) 

I) Perform some similar steps as, step 3 to step II but, instead of by fitting to a 

second order polynomial, use the third order polynomial surface Jilting to 

·estimate a waviness surface. F<Jr the implementation of third order polynomial to 

the subdivided surfaceD, equation (4-5) can be updated as V3 A3 = Z01 . 

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

no any difference in the input data Z01 compared to the previous steps. Variable 

L here represents the total number of data points of the subdivided surface D1 . 
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x[yf xfy{ XtYf Y/ xfyt xfyl X1Yl Yl x' I x' I x, 1 

xiyi xiyi XzYi y~ xiyz xiyz XzYz Yz x' 2 xf Xz 1 

v3 = 
xjy{ xjyf X3Yf yj xfy3 xjy3 X3)'3 Y3 x' xi x, 1 3 

x~yl xfyj X4yj yJ x1y4 xly4 X4Y4 Y4 x' X~ x. 1 4 
( 4-16) 

x[y,~. x~,y~ XNY~ y~ X~YN X~YN XNYN YN x' N X~ XN 1 

A3 = [a1 Uz a3 a1s a16Y ( 4-17) 

n) The 
. . 

of A3 = v3-
1 Z0 , applied to determine the polynomial mvers10n lS 

coefficients A3 and its equation is given as follows: 

x{y{ xfy{ X1Yf yf xf x' 1 
-I z0, (x1 ,y1 ) a, I x, 

a, x~y? xiyl XzYi yj xi x! x, 1 z0, (x2,y2) 
a, xlyi xjyg X3Yl Y1 x1 xi x, 1 zv, (x3,y3) ( 4-18) K 

x]yJ x]y4"i x4y] y: X~ xJ x. 1 z0, (x4 , y4 ) 
Uts 

al6 x~y~ x~y~ XNY~ y~ X~ X~ XN 1 Zv, (xL•YL) 

o) Estimated wavmess surface W3(x,y) lS obtained by the substitution of 

coefficients A3 into the following equation. 

W3 = V3A3 ( 4-19) 

w3 (x1,y.) x{yf xfyf 3 
X1Y1 y{ xl x' I x, 1 a, 

w3(x,.y2) xiyi xiyi XzYi Yi xi x' 2 x, 1 a, 
w3(x3,y3) xiy1 xjyl X3yj Y1 xi xi x, 1 

X 
a, 

(4-20) w4 (x4 , y4 ) x!y:f xlyJ X4Yl y: x' xJ x. 1 4 
a,s 

w,6(XL•YL) x{y~ x~y~ XNY~ y~ X~ X~ XN 1 a,6 

p) By subtracting the estimated waviness W2 (x,y) from the lesion 

surface Z01 (x,y), the deviation surface E3 (x,y) is determined. The equation of 

this subtraction is £3 (x, y) = IZv, (x, y) ·_ w3 (x, y) I· 

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

subdivided surface D1 can be given by following equations. 

( 4-21) 
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M i'f 
2 2 

Sa,3(Dl) = ('¥ ~ ~) ~ ~~zD, (xt,Yj)- w3(xt, YJ)i ( 4-22) 

r) Determine Sa, 3 and R~ for the remain subdivided surfaces. D2 • D3 • and D4 . 

I Icncc. the overall surface roughness and coefficient of determination arc 

determined by 

- ._.Nv 5 (D) . 
S = L.,~ 1 

"·
3 

' ·ro 9 < R2 (D·) < 1 0 N < 4 a,3 N 
0 

• I · - 3 r - • , D - ( 4-23) 

- LND R2(D) 
Rz= '~ 1 3

' 'f09<R2 (D·)<lON <4 3 No 'I . - 3 r - . ' D - (4-24) 

s) Coefficient RI and Rj are compared to decide the best order of the polynomial 

surface fitting. The overall surface roughness Sa is obtained from the calculation 

that can give a higher R2 value. For example. if RI is found to be higher than 

R:i. Sa,z is considered as the overall surface roughness. Consequently. the 

surfitce roughness of Sa,J would be discarded. A subtraction between a lesion 

surface and an estimated waviness is shown in Figure 4.5. This subtraction 

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

deviation surface to compute the lesion surface roughness. 

"' 
' ,, ~ 0 

" 

" 
15 

Y(rnm) 15 
Y(mm) 

)((mm) X (mm) 

(al (hi (C) 

Figure 4.5 The 30 surfaces involved 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 estimating 

\\a\ incss surface. This limitation aims to a\oid over fitting on rough profile of the 

lesion surface fl29l. In over fitting condition. the estimated waviness tends to f(J)ltm 
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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 mm2
. 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 tigure 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 

(c) 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 2 ) of both calculations are less 

than 0.90. 
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Figure 4.7 (a) 30 surface of a lesion model. (b)- (e) The estimated waviness and 
deviation surfaces that are determined by applying several different fitting orders . 

.t.3 Validation Study 

.t.3. I 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 

live grades here used for the validation, those are 16. 24, 60, 80. and 280. Grade 

value (G) follows the standard of United States CAM! (Coated Abrasive 

Manufacturers Institute) [130]. The grade is inversely proportional with the surface 

roughness. Rougher surfaces are valued by smaller grades. Notation 1/ G is usually 

used to relate linearly proportional to the surface roughness. 

A total of 72 3D surfaces are scanned for each grade. Since there arc 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 3.0 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 30 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. 

! . 

" .. .. ..... 
(a) (b) (c) 

! ! 

(d) (e) 

Figure 4.8 The 20 and 30 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 
1/G Sa (mm) a (mm) Sa+ a Sa- a 

Values (G) diameter (mm) (mm) (mm) 

280 0.044 0.004 0.0122 0.0007 0.0115 0.0128 
80 0.192 0.013 0.0856 0.0090 0.0766 0.0946 
60 0.268 0.017 0.1101 0.0380 0.0722 0.1481 
24 0.715 0.042 0.2552 0.0336 .0.2216 0.2888 t-···· 

1.320 0.063 0.4517 0.0555 0.3962 0.5072 16 

The results of Table 4.1 are then plotted; as displayed in Figure 4.9.' The relation 

between 1/ G and Sa is proven by usmg Pearson's correlation coefficient. The 
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correlation value of Sa and 1/G is 0.989 showing a strong relation between them. i\ 

positive sign furthermore represeNts a linear relationship, which means that the 

smoother surface (small Sa 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 is 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 

is given based on particle size and the surface roughness, is linearly correlated. 
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Figure 4.9 Plot of surface roughness vs. 1/G (Ci\Ml grade) obtained from 
measurement on abrasive papers. 

4.3.2 Surface Roughness on Curve Surface: Mannequin Surface 

To model a skin lesion. a medical tape that has regular and uniform texture on its 

surface is used. The tape has regular and uniform texture on its surface. It is made 

fi·om an clastic material. Therefore. 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 Sa of 33 lesion models are used as the reference. These reference 

models arc 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 model contribute to the roughness calculation. 

Figure 4.10 shows the lesion models at flat surface. 

(a) (b) 

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

Additionally. the algorithm is applied separately for each 30 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 mm2 and 14.14xl0.69 mm2
, respectively. 

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

Lesion Scan 
Sa,z R' Sa,3 R' sfinal R}inal sftnal model index 2 3 

I I 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 0.0137 0.997 0.0137 0.997 

2 I 0.0123 0.998 0.0120 0.998 0.0120 0.998 0.0130 

2 0.0122 0.998 0.0119 0.998 0.0119 0.998 

3 0.0151 0.997 0.0149 0.997 0.0149 0.997 

3 I 0.0124 0.994 0.0122 0.994 0.0122 0.994 0.0122 

2 0.0125 0.994 0.0122 0.994 0.0122 0.994 

3 0.<1123 0.994 0.0121 0.994 0.0121 0.994 

4 I 0.0123 0.994 0.0119 0.994 0.0119 0.994 0.0118 

2 0.0122 0.994 0.0118 0.994 0.0118 0.994 

3 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 Sa and its standard 

dc\iation are found to be 0.0122 ± 0.0011 mm (xRef ± CJRef)· 
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Figure 4.11 The histogram of lesion models pasted on flat surfaces. 

To validate the surface roughness algorithm on the curv.ed 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 tho: 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 Figure 4.12 

(b) shows the actual psoriasis lesion. Both of the objects arc photographed at the 

same resolution. 

Figure 4.12 Lesion model (20x 11.5 mm2
) is made of surgical tape (left) and a 

psoriasis lesion (right). The images are photographed by PRIMOS cam.:ra. 
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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 mm2
. 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 PAS! 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. 

Trunk 

Lower limbs 

11.5 mm 

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

Table 4.3 The distribution oflesion 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 if 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 1lat surface 

Lcs 
lnd 

2 

5 

3 

t: 
' 8 L_ 

---

ion Body Width Height 
ex Region (mm) (mm) 

Head 10.05 9.04 
-

I lead 13.49 8..10 
-\----- --f--

I lead 9.54 7.64 
- -

llppcr Limb 9.80 4.84 
- f-

l 1pper Limh 9.67 16.42 
- r---

Upper l.irnh I(J.I8 3.82 

rrunk 15.0 I 7.77 
- 1------~ f---

l'runk 9.93 6..19 

·1 run!<. 12.22 7.51 

LO\\i.'l" I ,illlh 9.29 12.48 
-- 1----· 

Lower Limh 10.18 5.73 

J.m,er Limb 9.67 14.51 
-- --~-- ·-- -~ 

------

Sa,2 R~ Sa,3 Rj sftnal 

0.014 0.996 11.1115 0.995 11.1114 

0.013 0.996 0.013 0. 996 0.1113 

0.014 0.998 0.014 0.998 II 014 

0.012 0.971 0.013 0.964 11.012 

ll.lll2 0. 998 0.012 0.998 0.012 

11.011 0.996 0.0 I 3 0.994 0.1111 

0.012 0.944 lUI 15 0.905 0.012 

(J.ll I 3 0.992 0.013 0.992 11.013 
-

0.11 12 11.977 11.016 0.962 0.012 

0.1112 0.982 11.014 0.984 11.1114 

0.(11 3 0.959 0.014 0. 950 0.013 

(J.(J I I 0. 970 0.011 0.975 0.01 I _ __ , 

PeL 
Error 
(~;(,) 

l..f.X 0 ·i, 

6.6°·o 

14.8°10 

1.6u·o 

1.6% 
-

9.Xo·u 

1.6°10 

(l.h(!·o 
--

1.6°o 

14.X't;, 

6.61~~~ 

4.X 0 u 

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 Sa and the 

standard deviation of lesion models are found to be 0.0130 ± 0.0013 mm (X curve ± 
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Figure 4.14llistogram of lesion models pasted on curved surtaccs. 
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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 Sa of lesion models (33) on a flat surface is used as a 

reference (SaRef ). The SaRef value is found to be 0.0122 ± 0.0011 mm (iRef ± 

!I Ref). Meanwhile, the Sa of lesion models on the mannequin surface (Sacurvel is 

found to be 0.0130 ± 0.0013 mm (icurve ± !Icurvel· 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 = lxcurve- iRetl ( 4-25) 

2 + 2 aTotal = (JRef (]Curve (4-26) 

A [1 lxcurve- iRetl] 1000, 
ccuracy = - _ x '" 

X Ref 
( 4-27) 

From the equation (4-25) and (4-26), it is found that the error is I 0.0130 -

0.01221 ~0.0008 mm and the total standard deviation is (0.0011 2 +.0.0013 2
)

112 ~ 

0.0017 mm. Afterwards, the algorithm accuracy is computed by applying (4-27) that 

gives (I- I 0.0130-0.01221 /0.0122)x!OO% = 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 ( a1,,,1 ~ 0. 00 I 7 mm ). the 

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

± 0.0019 mm for 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. 

Surfac es 

--- -

Refcre1 1ce 

Curv e 

Absolu 
Erro r 

-"-

~. 

te 

f-· 
Surface Roughness Parameter 

-·--~· 

X (mm) rJ (mm) 

0.0122 0.0011 

0.0130 0.0013 

10.0130-0.01221 = .Jo.0011' +0.0013' = 
0.0008 0.0017 

4.4.2 Evaluation on Rotational lnvariance 

---· 

Accuracy(%) 
------- ' 

··~ 

(I IIIlO< lX) X ]{)0'!'( = 
{) 0122 ° 

94.12% 

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 tlat 

surface with size more than 40 mm x 30 mm is used as the object. The rotation 

angles arc varied from 0° to 330° with the increment of 30°. Thus. 12 rotation angles 

arc applied to evaluate rotation invariance characteristics. Figure 4.15 shows the 

rotated surfaces oflesion model. 

'" 

,. 

Figure 4.15 Rotated surfaces oflesion models by applying 12 rotation angles. 

Five measurements are conducted for each angle variation. The Sa of lesion 

models with various rotation angles is obtained to be 0.0128 ± 0.0003 mm (x ± cr). 

I· igure 4.16 shows the Sa of the rotated lesions within the acceptable accuracy 

(>95%). The results then show that the algorithm is invariant to the rotation of the 

measured surface. This is made possible because the matrix inversion in a 

polynomial coetlicients determination does not depend on the element sequence of 

matrices V and Z. A surface rotation will change the element sequence of these 

matrices. 
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Figure 4.16 Sa of lesion models with a variation on rotation angles. The values of Sa 
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 

tirst 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 

(Figure 4.17). the measured Sa for the first and the second scans are to be 0.0371 mm 

(R 2 = 0.9804) and 0.0511 .nm (R 2 = 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 performed 

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 (2a Dif f). This rule has been 

presented by Bland and Altman in [133]. 
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From the data of successive measurements, the standard deviation of 

measurement differences (aoiff) is found to be 0.011 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 

(2aoitf = 0.021 mm). 

(a) (b) 

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 

ROI 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 

de lined. 

(a) (b) 

Figure 4.18 The 20 image and height map oflesion surfaces from the first (a) and 
the second (b) measurements . 

.t.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 hy 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 requirement 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 mm2
. This method is also applied in determining the 

surface roughness of blood vessel where a sample area of 6.400 x 2. 720 mm2 is used. 

In this case. a topography measurement on a fingerprint replica with size 1.020 x 

I. 540 mm2 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 [I 35). In a larger scale, the landscape surface roughness varies 

according to the sample area of terrain im.ages. 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 [I 36]. 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 [ 13 7] 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, i.e. 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 stze. 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 ts to determine the mmtmum 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 

[ 13 7] is 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: (I) small, 1.66x2.55 

mm2
, (2) medium l0.44xl0.05 mm2

, (3) large 26.78x20.29 mm2
, and (4) huge 

>40x30 mm2 Some of the lesions are larger than the maximum scanned area (40 x 

30 mm2
) 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: (I) 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 20 and 30 

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. 

z 

(a) (b) 

Figure 4.20 20 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 mm2
, as shown 

in Figure 4.21. 

Scanned image 

5 

Z(mm) 

·~ 

20 ---, 10 ""~--- ~~~~~~::-<;; 
Y (mm) ---~ ~-~ 10 ......«\' 

• • 1l ~""" 

Evaluated surface 

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. l'or this 

evaluation. the determination of surface roughness is performed for 7 size variations. 

In this case. the smallest area of subdivided area is I x] mm2 whereas the largest one 

is 7x7 mm2
. The sizes are varied at increments of I 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 is also applied to figure out some fitting problems on a 

larger 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). 

z4 (x,y) = (a1 x 4 + a2 x 3 + a3 x 2 + a4 x + a 5 )y4 + 

(a6 x 4 + a7 x 3 + a8 x 2 + a9 x + a 10 )y 3 + 
(a11 x 4 + a12 x 3 + a13 x 2 + a 14x + a 15)y

2 + 

(a16 X
4 + a17 x 3 + a18 x 2 + a 19X + a2o)Y + 

(a 21 x 4 + a22 x 3 + a23 x 2 + a2.x + a 2s) 

(4-28) 

A polynomial surface fitting can fit a surface properly if the fitting order is 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 R2 <0.90 are not included. Figure 4.22 shows the 

surface roughness of normal skin samples from 9 subjects with a sampling area 

variation. The sampling areas are varied from I xI mm2 to 7x7 mm2 

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

ampli~;
gth ( mm} 

-

1.0 
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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 (Sa) versus sampling length is then fitted to a polynomial 

function in order to find a stationary threshold for the skin roughness determination. 

R2 of these fittings is found to be greater than 0.9957. Subjects 52 and 57 are then 

fitted with the fifth order polynomial. The sixth order polynomial, furthermore, is 

used to fit the subjects 51 , 53 , S4 , 55 , 56 , and 58 , while the seventh order polynomial 

is only applied to fit subject 59 . The polynomial equation can be written as follows. 

( 4-29) 

A fitting result is considered good if R2 is greater than 0.9 and close to 1.0. At 

R2 20.9, the difference between the actual data points and the fitted data points are 

approaching a minimum value. All R2 of these nine fitting equations are greater than 

0.9. The order of polynomial equation is selected from the highest R2 that can be 

obtained from the polynomial fitting. 
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B; referring the plots in Figure 4.22. it is possible to determine the threshold of 

the surtace roughness stability. This threshold defines the minimum sampled area 

tor measuring skin surface roughness. The threshold point can be determined from 

the first inflection point of the plot. To find this inflection point. the second 

derivative of the fitting equation (2) needs to be determined. The first inJlection 

point occurs when the plot of the second derivative crosses the axis Y = 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 S3 . 

------

' n(mm) ' ' (a) 

---L- -- ::-_- ~:::r ------ ----
X 10': 

2 i --

ol 

,rv' 
.. I 

4 ' 6 
n(mm) 

---T-- -

-6 L --- ____,_ ____ _____j_ _______ _____1,_ __ .___ -- .J.-.• ---- L__ 

1 2 3 4 !i 6 
n (mm) 

(b) 

(c) 

Fi!1;ure 4.23 (a) Surface roughness'( Sa) depends on sampling size variations. Figure 
(b) and (c) 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 2Sa/dn2 1n~ 4~ -1.73 x 10·" mm. It can be stated here that the roughness 

components are totally covered within a sampling area if its size is not less than 4x4 

Surface roughness is increasing for n<4 mm because the roughness 

components are not totally included within the sampled area. To determine a 

threshold value applicable f(1r all skin surfaces. the highest value has to be 

determined from several skin samples. The threshold points of 9 evaluated skin 

samples arc shown in Table 4. 7. 

As seen in l able 4. 7. the highest threshold point is found to be 4. 9 mm. This size 

can he considered as a minimum sampled area that can he used in a skin surface 
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roughness determination. The mm 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 

3.8x3.8 mm2
. It is also recommended to measure a lesion surface with a sampled 

area greater than 4.9x4.9 mm2 Moreover, its texture is less regular than the texture 

of 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 
' 2 

Su~ject Sampling Area d'-Saldn , 
point (mm) 

(mm2
) 

(mm) 

s, 3.4 11.56 9.75x 10·' 
s, 3.9 15.21 -4.89x 1 o·' 
s .• 4.0 16.00 -1.73x1o·" 
s, 3.6 12.96 -1.08x10 6 

s, 3.4 11.56 -7.81 x 1 o· 
s, 4.3 18.49 3.57x10·' 
s, 3.6 12.96 7.96x10·' 
s, 4.9 24.01 1.91x10"7 

s, 3.5 12.25 1.91x10"" 

ln the developed surface roughness algorithm, an input 3D surface is divided into 

several 2x2 subdivided su&tces. 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 

area that is 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 

(dSa/ dnln~6mm = 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 
. . 
mcrcasmg. 

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 available. 

Through this condition. the polynomial function cannot fit the mean cun·ature 

accurately. To fit a data point accurately. a number of surrounding data points from 

all sides is required in a surface fitting detennination [139]. The increasing sampled 

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. Surtace 

roughness is used as the measurable features to represent the severity of psoriasis 

scaliness. A 30 optical scanner is used to acquire some lesion surface images. The 

estimated 30 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 ve11ical 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 detem1ine the accuracy and total standard deviation of the 

developed algorithm. A set of abrasive papers with different roughness grades are 

evaluated to perfonn algorithm validation on several various rough surfaces. From 

the validation. it can be found that the measured surface roughness of the developed 

algorithm is linearly related to the standardised roughness grade. 

Medical tape is used to model s~in lesions. The tape is elastic and can adapt with· 

the surtace curVature. To validate the surface roughness algorithm on human skin. 

the lesion models are placed on the curved surfaces of a life-size medical mannequin. 

The validation process calculates the accuracy and total standard deviation of a 

roughness measurement on 30 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. 
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The rotation in variance 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 lesion models are determined. The results prove the rotation invariance 

characteristic of the surface roughness algorithm. The rotation invariance of a 

surface roughness algoritlm1 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. 

Furthem1ore, the minimum surface area for surface roughness algorithm IS 

detem1ined 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 different 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 variations. A 

sample area threshold defines the minimum sampled area for the surface roughness 

algorithm. The area threshold is detem1ined 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 shown 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 build a system for objective clinical 

assessment. The system is built by combining the developed surf~ce 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 (PAS!) scaliness assessment. For a statically 

rcprcseiltativc data collection. a proper sampling size needs to be determined. 

Dermatologists assess the PAS! 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 PAS! scaliness· score of psoriasis 

lesion. These methods are presented to classify the measurement result of skin 

surface roughness to be next interpreted in PAS! scaliness score. The results of these 

clustering algorithms are described in this section. Following this. Section 5.3 

describes an agreement analysis related to the PAS! scaliness scoring performance 

that is evaluated by determining kappa agreement coefficients between the first and 

the second. assessment of the developed algorithm. The results of agreement 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 is used to represent the uncounted size of population data. The 

problem is about how to determine the sample size correctly. The size should be 
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\\ell 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. 

Ne,·ertheless. 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 J.l (true value) and the sample mean i (observed frorri the collected 

data). The population data is assumed nom1ally distributed. Only the population 

standard deviation can be provided to the equation whereas the. population mean is 

unknown. The equation is given as follows, 

tJ 

E = Za/2 c: 
-vn (5-I) 

Variable E represents the margin of the error of the unknown population mean. 

The error is determined from the sample mean i of sample data. If the mean of 

sample i has the same value with the population mean, J.l, then E will be equal to 

zero. Variable Zu;2 refers to the critical value of normal distribution table (the bell . . 

curve). The term a is used to define the level of confidence. Any positive value less 

than I can be applied but in order to have meaningful results, the value of a should 

be close to I. The level of confidence is usually set at 90%, 95%, and 99%. For 

instapce. to obtain an area with the level of confidence 95%, ±Zu;2 values need to be 
' 

determined. Here. it is calculated by a= 1-0.95 = 0.05. This remaining area (a= 

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 nom1al distribution and bounded by ±Za;2 . From the standard normal 

distribution table, it can be found that ±Za/2= ± 1.96. The term IJ is the population 

standard deviation whereas n is the sample s_ize. 
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25% 95% 

-3 -1 3 

Figure 5.1 An area with a certain confidence level bounded by ±Za12 . 

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

· n = [Za(~ X Or (5-2) 

The population standard deviation CJ is considered similar to the sample standard 

deviation. As in the aforementioned example. the Za; 2 is found based on the 

required accuracy (1-a) in the sampling process. 

The required sample size of PAS! scaliness is calculated by using the data of 

lesion scaliness from a previous study (141). In this study. the data is acquired by a 

3D laser scanner (Konica Minolta Vivid 910) with a focal length./= 14 mm. The 

object distance is set around I 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 

1. e. k-means clustering. Table 5.1 below lists the statistical values of PAS! scaliness. 

Table 5.1 Statistics of the scaliness value for each score. 

Scali ness 
Samples 

Minimum Maximum Interval Mean Standard 
Score (mm) (mm) (mm) (mm) Deviation 

I 37 0.024 0.078 0.054 0.057 0.014 
2 21 0.083 0.133 0.050 0.104 0.014 
3 14 0.140 0.206 0.066 0.172 0.021 
4 II 0.221 0.328 0.108 0.256 O.D38 

From Table 5.1. score l 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 detennination. To compare some options, the margin of error E is 

varied for 5%, I 0%. and 15% and the sample mean is used as the base for 

determining the E value. For example. a maximum difference with error I 0% is 

determined by I 0% x x1 = I 0% x 0.057 = 0.006 mm. 

Table 5.2 Sample sizes ofscaliness score I with a=O.OS (confidence level 95%) and 
maximum difference variations. 

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

5 0.003 83.66"' 84 
95% 10 0.006 20.92"' 21 

15 0.009 9.30"' 10 

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 .. · . . 
lienee, to cover all scores, the total sample size 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 of95% for allscaliness 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 PAS! 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 Centre, Ministry of He~lth, Malaysia. In this study, the data 

collection for scaliness parameter is part of the data collection for other PAS! 

parameters (area, erythema, and thickness). 

5.1.2 Data Collection Procedure 

The patients involved are referred as participants m 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 plaque psoriasis . 

Exclusion 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 

interpretation of the photographs (e.g eczema. 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 .lD 

surface images of the plaque psoriasis lesion of patients. The scanner gives the 

maximum depth resolution of 4 ~m and the lateral resolution of 63 >tm. The image 

size obtained at this resolution is 640 by 480 pixels. The dem1atologists 

subsequently select a representative lesion for each body region (head. trunk. upper 

and lower limbs). All four representative lesions arc scanned in order to obtain .lD 

surfaces. The collected lesions are also being applied for another measurement 

(lesion thickness). Hence, the selection requires a lesion, which has an area less than 

the total scanned area (40x30 mmc). f'or patients with severe psoriasis condition. 

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

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

settings. These requirements are described as tallows: 

a. The illumination of the projected pattern of PRIMOS 3D optical scanner 

should he higher than the ambient illumination. as shown in Figure 5.2 (a). 

The illumination of the projected pattern produced by the optical scanner is 

m<:asurcd to he 1.435 ± 29 Lux. The lights in the room are switched otT to 

l<mer the ambient illumination below the projector illumination. The 

ambient illumination during data collection is 249 ± II Lux. 

b. The distance betv.e<:n the optical scanner and the object (lesion surface) is 

fixed at 220 mm. The measured surface must be parallel with the surl~tcc 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. 

c. 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. 

(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, P ASI assessment by dermatologists, and data acquisition. It 

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

dermatologists to assess P ASI scores and another 16 minutes for the computerised 

PAS! assessment. The detailed steps are as follows: 

a. Dermatologist briefs patient on the procedures of data collection. 

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. 

c. Dermatologist performs the PASI assessment to score area. erythema, 

thickness, and scaliness, as depicted in Chapter I by Figure 1.1. For 

erythema, thickness, and scaliness assessment, the first dermatologist selects 

a representative lesion for each body region (head, upper limbs, trunk, and 
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lower limbs). After being labelled 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 

oC a labelled lesion (Lesion 2268 obtained from lower limb region of Patient 

184) 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 of 

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 f?r each patient. Therefore. the number of lesions 

that can be obtained from a patient is 12 lesions. 3 lesions from each four 

body regions. 

(a) (b) 

Figure ::0.3 (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 perf()rm a 

computerised PAS! assessment. In this assessment, three imaging modalities 

-- 2D camera, chromamcter. and 3D optical scanner - are integrated to the 

computer with PAS! software. Male patients are handled by male 

investigators. For handling the female patients. only female investigator is 

allowed to enter the photography room. 

c. P ;\Sl area assessment is carried out by acquiring 20 images of the whole 

body of the patient. The images are photographed from four different views 

front. hack. right. and left. P ;\Sl area algorithm uses these 2D images to 
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determine PAS! area score. 

f. PAS! 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 PAS! thickness and scaliness scores. Figure 

5.4 displays acquisition processes for PAS! area, erythema, and thickncss

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

(a) 

Figure 5.4 Data acquisition for determining PAS! 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. Not all 

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 ~ges ranging from 19 to 82 years. The average 

psoriasis duration of the recruited patients is 14.05 years. Therefore. most of the 

patients have been affected by psoriasis more than I 0 years. 

The demographic data might not complete enough 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 sutler psoriasis with a male to female prevalence ratio 

almost I: I. except for younger females (i.e. age <20 years) whereas the female 

prevalence is higher with ratio of I: 1.3 [142]. In this study however. more male 

patients were recruited due the lack consenting female patients. They worry about 

the assessment procedure. especiall-y in taking 2D images of tbeir body. The patient 

demography based on gender. race. age. and psoriasis duration are shown as charts in 

Figure 5.5. 

109 
(53.4%) Malay 

163 Chinese 
(74.8%) Male 

11 Indian 
w Female .. Others 

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

I he sample size of roughness measurement is 1.999 psonas1s lesion images 

collected ti·mn 204 psoriasis patients. The images consist of 1.351 images scanned in 

a single m.:asurement and 648 scanned images in doubk assessments on 324 lesions. 
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1.892 psoriasis lesions have been scored I, ·2, 3, or 4 by dermatologists. The score 

distribution of the lesions is described in Table 5.3. 

Table 5.3 Distribution of PAST Scaliness Score (N~I ,892). 

Pi\Sl Scaliness Score Number of Lesion Percentage (%) 

I 1,266 66.91 
2 409 21.62 
3 153 8.09 
4 64 3.38 

Total 1,892 I 00.00 

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 0.0 I 00 

120' 

Surface roughnns (h) (mm) 

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 (Sa +a). This roughness is found from measurement of the roughest 

abrasive paper evaluated in the research. Surface roughness values of abrasive paper 

and lesion 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 T2 ). There are only two options for the membership degree- 0 or I. figure 5. 7 (a) 

shows that membership degree of x 1 of cluster 2 is I whereas the membership 

degrees of x1 for the other clusters are 0. In soft clustering (FCM). as shown by 

hgure 5. 7 (b). an input x1 can be considered as the member of three clusters (cluster 

I. 2 and 3 ). However. it has several difTerent membership degrees. For example. the 

degree of x1 belongs to cluster I. 2. and 3 are 0.8. 0.4. and 0.0. respectively. The 

classilication system decides x1 as a member of cluster I. The decision is taken 

since the membership degree at cluster I 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 k

means was proposed by James MacQueen in 1967 based on the idea of a Polish 

mathematician. 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. k-mcans algorithm is also recognised as 

Lloyd-Forgy method. The k-means algorithm is simple. et1icient. and easy to 

implement 1144]. K-means groups the dataset into a predelined number of clusters. 

Initial centroids are assigned randomly or by applying certain algorithms to the 

clusters. Similarities 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 

similarity. After all of the dataset are completely clustered. some new centroids arc 

recalculated by finding the mean values of the clusters. The process is iterated until 

the centroids are considered constant. This consistency is indicated hv the minimum 

99 



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 tina! 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 eta!. 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 k-means algorithm. FCM 

minimises the limitation of hard clustering algorithm, e.g. k-means clustering, by 

associating each data to all existing clusters with a membership degree [ 149]. The 

membership degree is represented by a membership matrix U = [u;k]. 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 

he within 0 to I. A data point will be associated to each cluster and determined by a 

membership degree. The accumulation of these degrees is always equal to I. The 

f()llowing equation describes the constraints 'of the membership degree [!50]. 

K 

L U;k = 1, 
k=1 

't/i = 1, .. ·, N; 0 :0:: U;k :0:: 1 (5-3) 

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 

coetlicicnt is used to symbol the fuzziness of the membership function. This 

fuzziness represents the softness of the cll}ster boundaries. As a comparison, the 
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fuzziness coefticient \Yill 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 initialis-ation can be executed 

either randomly or based on prior knowledge. 

K N 

](C, U,X) =I I u~ llxi ~ ckll 2 
(5-4) 

k=li=l 

The iteration process updates the centroi<ls and the membership matrix 

continuously. The equation for calculating the new centroids is given by 

· ·· '\'N m 
· L.oi=l uik xi 

Ck· = N m 
Li~l uik 

(5-5) 

The membership matrix is determined by applying the equation below 

i = 1,2, ··· ,N k = 1,2, ···, K 
(5-6) 

The objective function is going to be stable when some high membership degrees are 

assigned near the cluster centroids. While, some low membership degrees arc 

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 11] < E where E is an acceptable difference to terminate the iteration. 

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. 

Algorithm 5.1: The FCM algorithm 

i) Define the number of cluster (K). membership matrix (ui_k), and fuzziness 

cocfticient (m). Use a number of small random numbers to the membership 

matrix ui k and a real value between I and 2 for the fuzziness coefficient. Fix 

the objective function j(C) equal to 0. The acceptable error (E) and the 

maximum number of iteration are also initialised in this step. These values are 

used to indicate tcm1ination point of the iteration. 

ii) Compute new centroids by applying ui.k and xi 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 functionj(C) by applying the centroids and the 

membership matrix to equation (5-4). 

v) Determine the difference between the latest to the previous objective function. 

The difference is denoted as b.]. If the difference is larger than the predefined 

acceptable error (E), continue the iteration to step 3. The iteration could be 

terminated if 6] < E or the iteration number is over the maximum value. Here. 

the value of E is 10-s. 

End. 

·:·.·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 required to determine the membership degrees 

at any data points. The membership degrees of the cluster are used 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 
-

is decided by comparing the membership degrees of the input. The data will be 

included to a cluster if its membership degree is 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 dataset The objective of the k

means algorithm is to divide the dataset into k 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 ne\\ assignments. The processes will be terminated \\hen 

there is no any ne\\ assignment required. In this stage. the centroids of score groups 

are maximally separated [144]. A boundary le\·el bet\\·een t\\·o adjacent score groups 

is then determined by finding a middle point between the centroids of adjacent 

groups. 1.351 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 PAS! scaliness scores. 

Table 5.-t Centroid of PAS! scaliness scores. 

PAS! scaliness score Score Centroid (mm)_ -- N Percentage (o/o) 

I 0.024 486 35.97 
2 0.040 57' -0 38.71 
, 0.061 285 21.10 0 

[---
4 0.106 57 4.22 

Total 1.351 100.00 

Furthermore, the k-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 I and Subset 2). The scores are properly clustered (maximally 

separated) if the sco.re centroids for all datasets are consistent. In other words. the 

score centroids are not influenced by 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 stability. 

Table 5.5 and Table 5.6 depict the stability of the score centroids of partitioned 

datasets. The centroid differences of each score between Subset I and Subset 2 are 

smaller than 0.004 mm. Meanwhile, to observe centroid consistency on a smaller 

sample size. the dataset is randomly partitioned into three. datasets (Subs.et I. Subset 

2. and Subset 3 ). The centroid consistency of subsets can be observed in two and 

three partitions. The differences of centroid are not more than 3(Jr0101 (0.005 mm) 

except for the centroid difference of score 4 in three partitions (0.008 mm). The 

centroid difference is greater because the size of clustered dataset is insufficient ( <30 

samples). 
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Table 5.5 Score centroids of subset I and 2. 

PAS! Subset I (N=676) Subset 2 (N=6 75) 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 I, 2, and 3. 

Subset I (N=451) Subset 2 (N=450) Subset 3 (N=450) Average 
PAS! centroid 
Score Centroid 

N 
Centroid 

A' 
Centroid 

N difference 
(mm) (mm) (mm) (mm) 

I 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 0.1.02 25 0.109 14 0.097 32 0.008 

The boundary levels of surface roughness for PAS! Scaliness scores arc 

calculated from Table 5.4 . A boundary level between Score I and Score 2 is the 

midpoint between score centroids. For instance, the boundary level between score I 

and 2 is 0.032 mm. It is obtained from (Centroid I + Centroid 2) /2 = (0.024 + 

0.040)/2 = 0.032 mm. This method is also applied to determine the next boundary 

levels. If there is a lesion with surface rol!ghness equal to the boundary level, the· 

lesion will be classified to have a higher score. Finally, the boundary levels of 

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

Table 5.7 Boundary levels of surface roughness for PAS! scaliness score. 

Score Boundary Levels (mm) 
I Sa< 0.032 
2 0.032 <Sa < 0.051 
3 0.051 < Sa< 0.084 
4 Sa> 0.084 

PAS! scaliness score is then determined by applying the score rules to the smface 

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 k-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 successful!) 

classified as the same cluster in the first and second assessments. However. 35 (1 0.8 

%) data points of double assessments are classified as different cluster. The 

misclassifications can be categorised into three types based on location of the 

occurrences. The first type is misclassification in determining either score I or score 

1 Th.: score I might be found in tiw first assessment and then followed hy score 2 in 

the second assessment otherwise score 2 precedes the score I. The second type is the 

classification uncertainty of score 2 or 3. The last type is the scoring vagueness 

between scor.: 3 and 4. Two different scores can also he obtained in the second and 

the third types as exemplified by the first type. These measurement inconsistencies 

occur when the surface roughness data points arc located too close to thc 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 8 1 , 8 2 • and 8 3 . 8 1 is used to separate score I from score 2. The second 

boundary is 8 2 that divides score 2 from score 3. The last boundary is 8 3 . This 

boundary splits score 3 from score 4. The values of 8 1 , 8 2 , and 8 3 are 0.032 mm, 

0.051 mm, and 0.084 respectively. Closeness of the measured surface roughness to 

each boundary level is computed by applying Euclidean distance equation. The 

equation is given by 

i = 1,2,3 (5-7) 

Sa
1 

and Sa, are measured surface roughness from the first and the second 

assessments. 8i is used to represent the boundary level at i, 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 misclassitication types are 

t(mnd in this work. There are 21 misclassification cases of type I (score I 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). Fwthermore, 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 I 

occurs when the measured surface roughness values are close to the boundary level 

8 1 . This closeness is shown by the D81 value (0.003 mm) which is II% smaller than 

D8 , (0.028 mm) and D83 (0.075 mm). Misclassification type 2 is indicated by the 

smallest value of D82 (0.003 mm) compared to D81 (0.026 mm) and D83 (0.048 mm). 

For the type 3. the trend still follows the previous types. The smallest Euclidean 

distance is obtained at the D83 (0.004 mm.) value. The D81 (0.072 inm) and D82 

(0.046) are found much larger than D83 . 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 Type D8 (mm) D8 , (mm) D8 , (nJm) N 
' 

Type I. score I and 2 0.003 0.028 0.075 21 

Type 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 oi1ly found in the 

misclassitication 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 

av.erage of Euclidean 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 k-means algorithm. 

Score Group D8 , (mm) D8 , (mm) D83 (mm) N 

Score I 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 boul)dary levels. The surface 

roughness input is then determined by averaging the surface roughness values of 

multiple measurements. The surface roughness ranges that require multiple 

measurements 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 - 30"Total < B; <Sa + 30"Total 

Type I. score I and 2 0.027 < Sa < 0.037 
Type 2, score 2 and 3 0.046 < Sa < 0.056 
Type 3, score 3 and 4 0.079 'S Sa 'S 0.089 

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

clustering. This algorithm aims to improve the classification reliability especially at 
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a border region bet\\een two adjacent clusters. Rigidity at the border region in the k

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 classified belong to the first cluster whereas the second 

measurement is 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](C, U,X) equals 0.0503. The function](C, U,X) is 

determined by applying equation (5-4). This objec(ive 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 achieve(! when all of the cluster ·members are 

located close to its cluster 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 determine predefined 

membership degrees of the score groups. To build the functions, the maximuin 

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. Figure 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 I is 
. . 

bordered by L1 and L3 . The centroid of score I is then calculated from the middle 

point of L1 and L3 • Here, the centroid is represented by variable L2 . 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. 
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;\ 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 he also linearly determined. The edges of the triangle legs are fixed 

at minimum and maximum values of training dataset. 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 preddined membership degrees of score clusters are determined by 

applying equations (5-8) to (5-15). These predefined membership degrees are used 

to initiate the clustering iteration. Variables c1 • c2 , c3 , and c4 are the cluster 

centroids that assigned from L2 , L4 , L6 • and L8 respectively, as described in Figure 

5.9. L 1 and L9 arc the minimum and maximum values of the training dataset. Sn. 

The matrix size ofofthe membership degree is N x 4. TheN is the size of training 

dataset. The details of membership degree equations are formulated as f(Jii<m s: 

Membership degrees of Score I. c1 = L2 

(5-X} 
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(5-9) 

Membership degrees of Score 2, c2 = L4 

(5-1 0) 

ifSa(i) ~ c2 ; ui,Z = ( -l ) X (Sa(i)- c2 ) + 1 
L9 -c2 

(5-11) 

Membership degrees of Score 3, c3 = L6 

(5-12) 

(5-13) 

Membership degrees of Score 4, c4 = L8 

( 5-14) 

( 5-15) 

The predefined membership degrees of the score groups are plotted 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 5.11. By applying predefined membership degrees. the 

iteration number has been reduced from 67 steps to 31 steps. 
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Figure 5.11 Iteration ofFCM clustering with random (dotted line) and predefined 
(solid line) membership degrees. 

Nkmbcrship degrees or the training dataset arc obtained ii·om the iteration or 

1-CM clustering. rhc degrees are clustered and scattered according to the existing 

clusters as dcpickd 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 

probabi lilies of surface roughness at any input values. The general form of the 

Gaussian 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 R2 "'I. The membership degree of a certain surface 

roughness Sa is calculated by applying all membership functions. PnCSa). from n~l 

to n~4. The subscript n on variable Pn (Sa) represents the group of scaliness score. 

Equation (5-16) is constructed from the summation of two Gaussian fitting functions. 

which have different means and standard deviations. For the first Gaussian function. 

coefficient a 1 is the maximum height of the distribution, b1 is the mean of Gaussian 

distribution. and c1 is the standard deviation. The same meanings are also applied 

fi.1r the second Gaussian function. 

(5-16) 
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Table 5.11 Coefficients of Gaussian functions for the roughness classification of 

PAS! scaliness scores. 

t 
Scaline 

Score 
---

ss score 

I (S I) 

f- Score 2 (S2) 

L_ Score 

~o_re __ 

J (S3) 

4 (S4) 

a, b, c, 
0.609 0.029 0.007 

0.514 0.()3 8 0.006 

0.635 0.064 0.010 

0.708 0.118 0.023 

--

Uz hz Cz Rz 

0.888 0.018 0.011 0.9 
--

0.858 0.048 0.010 0.9' 
0.784 0.081 0.018 0.9 

0.792 0.160 0.039 0.9' 

~ 
)R 95 
)7 

The membership functions of PASJ scalincss scores are plotted in Figure 5.13. 

I' A.SI scalincss score is determined by applying the rule of scaliness score as written 

in (5-17). An input of surface roughness is classified into a particular score if the 

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

1, max(P, (Sa), Pz(Sa), P3 (Sa), P4(Sa)) = P, (Sa) 

2,rnax(P,(Sa),Pz(Sa),P3(Sa),P4(Sa)) = Pz(Sa) 

3, rnax(P, (Sa), P2 (Sa), P3 (Sa), P4 (Sa)) = P3 (Sa) 

4, rnax(P,(Sa),Pz(Sa),P3(Sa),P4(Sa)) = P4(Sa) 

(5-17) 

Some examples of score calculations are listed in Table 5. I 2. Sample I. a lesion 

\\ith surliJCe roughness 0.039 mm would be classilicd into a PAS! scalincss score. 

\lcmbcrship degrees ol'thc sample for score clusters (score I to 4) arc 0. 100. 0.91 _,_ 

0Jl05. and 0.000. The highest degree is obtained at second cluster PAS a) - 0. 9 Il 

thcn:ll>rc the sample can be categorised as score 2. This is similar!' aprlicd to the 
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subsequent lesion samples in Table 5.12. 

Table 5.12 Calculations of PAS! scaliness scores by applying FCM algorithm 

No Sa (mm) P1(Sa) Pz(Sa) P3(Sa) P4 (Sa) Pmax Score 

I 0.039 0.100 0.913 0.005 0.000 0.913 2 

2 0.017 0.908 0.000 0.000 0.000 0.908 I 

3 0.063 0.000 0.085 0.911 0.004 0.911 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 ofFCM are listed in appendix section. 
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Figure 5.14 Clustering results ofFCM algorithm on test dataset. 
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Figure 5.15 Deviation surfaces of psoriasis lesions: (a) score L (h) score 2. (c) score 
J. and (d) score 4. determined hy the surface roughness algorilhm and classified h) 

the ITM algorithm. 

The same test dataset is applied to FCM algorithm. From 324 data points tested. 

a total of 2'!5 (91.0 'Yo) data points arc correctly classified in the double assessment 

sessions. Misclassitied data points are found at 29 (9.0 %) data points. As obsened 

111 k-means algorithm. similar misclassitications also happen m FCM 

implementation. It occurs in the locations ncar 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 lind the 

transition boundary from a certain score to another score group. 

A boundary level is defined as intersection point of two overlapping membership 

functions. Figure 5.16 shows an example of boundary level between score I and 

score 2. rhe boundary level is depicted as a green circle. In this point. both 

merlapring membership functions (score I and score 2) give a same memhcrshir 

degree l(lr a certain surface roughness. This membership degree relation can he 

c.xrressed hy P1 (0.034) = P2 (0.034) = 0.4564. A misclassitication case arrears 

\\hen the measured surface roughness values arc located in the leti and the right sides 
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of boundary level. as illustrated in Figure 5.16. The first assessment Sal• is 

classified as score I because membership function of score I gives the largest 

membership degree at P1 (0.030) = 0.8684. Conversely, in the second assessment, 

the highest membership degree, ? 2 (0.036) = 0.6781, is given by membership 

function of score 2. Thus, the measured surface roughness Sa2 is considered as score 

2. Finally. all boundary levels of FCM algorithm are obtained from the intersection 

point of membership functions. The boundary levels of misclassification type I. 2, 

and 3 are 0.034 mm, 0.056 mm. and 0.097. mm respectively. These levels are not 

equal to the boundary levels of k-means algorithm. In the FCM algorithm, 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 I 
(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. 

Equation (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 I exists when the measurement results are located near to the 

tirst boundary level. 8 1 . The average distance D81 (0.003 mm) is small and not more 

116 

' 

• 



then 10% of D82 (0.030 mm) and D83 (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 D82 (0.004 mm) shows the closeness of measured surface 

roughness to the boundary level of misclassification type 2. The occurrence of 

misclassification type 3 is explained by a small distance value of D83 (0.004 mm). 

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

Misclassiflcation Type D8 , (mm) D8 , (111111) D8 (nHn) 
3 

N 

Type I. score I 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 4 

These small distances do not occur for the cases with correct classi lications. 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 arc 

summarised in Table 5.17. 

Table 5.14 Average of Euclidean distances of surface roughness and boundary 
levels dete1mined from correct classification cases of FCM algorithm. 

--

Score Group D8 , (111111) D8 , (mm) D8 , (mm) N 
-

Score I OOL\ 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 0.039 22 

Two methods are recommended to minimise misclassification cases. The first 

method is perfonned 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 ofFCM 
classification algorithm. 

Misclassification Type 
Surface Roughness Interval (mm) 

Sa - 3CJrotal :S B; :S Sa + 3CJrotal 

Type I • score I and 2 0.029 < Sa < 0.084 
Type 2, score 2 and 3 0.051 < Sa < 0. I 06 
Type 3, score 3 and 4 0.092 :S Sa :S 0.147 

In the second h1ethod, the score group is determined by comparmg 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 

measurement sessions. The final score can ~e obtained by comparing the maximum 

membership degrees of the first (P1 (0.030) = 0.8684) and the second (P2 (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 I. A mathematical expression is 

fom1Ulated to determine final score 5(50 ) from n-times measurements. Let 

m;(S;, Pmax.J represents i-th measurement which has final score S; at maximum 

membership degree Pmax,i· Then, the equation can be given by 

(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 coefficient has been proposed 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 = :_::=--__:_-"-

1- Pc (5-19) 

The probability variable, Pct is the proportion of units in which the observers agreed 

with and Pc is the proportion of units for which agreement is expected by chance. 

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

are two observers, 0 1 and 0 2 . As an example, suppose there are two Dbservers, 0 1 
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and Oz. The observers are asked to examine and score 20 subjects. They may giv·e a 

score for the subjects. either score I or 2. Scoring results and summary of agreement 

for this scoring are given by Table 5.16 and Table 5.17. respectiv·ely. 

Table 5.16 Scoring results of two observers. 0 1 and Oz. 

o, Number of Assessment Samples 
\ S. 

o, I 1 3 4 5 6 7 s. 9 10 II 11 13 14 L5 16 17 18 19 10 

01 I I I I I I I I I I I 2 I 2 2 2 2 1 2 1 

I 
Oz I I I I I I I 2 1 I I 1 I 2 2 1 1 1 1 2 2 

Table 5.17 Summary of agreement from scoring by two observers. 

0 1 Assessment vs. Scores of Oz Assessment 
Total I OzAssessment I 2 

Scores of I I 10 2 12 
0 1 Assessment I 2 0 8 8 

Total 10 10 18 

To obtain kappa coefficient as formulated in (5-19), variables Po and Pc need to 

be dett:rmined. Variable p0 is determined from a ratio of total agreement of both 

observers to the total of sample. The calculations of p0 is given as follows: 

Po = (No 1o2,Score1 + No 1o2.Scorez) = (10 + 8) = 
0

_
90 

Nsample 20 
(5-20) 

Variable Pc is computed by adding between probabil~ both observers give score 

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

(5-21) 

(
10 12) (10 !;! ) Pc = 
20 

X 
20 

+ 
20 

X 
20 

= (0.5 X 0.6) + (0.5 X 0.4) (5-22) 

Pc = 0.3 + 0.2 = 0.50 (5-23) 

Finally. values of Po and Pc are substituted into (5-19) to calculate the kappa 

coeftlcicnt. 
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K= 
0.90-0.50 

1 - 0.50 = O.SO (5-24) 

The maximum value (K=l.O) 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 interpretation of Kappa coefficient. 

Kappa Agreement interpretation 

<0 Less than chance agreement 
0.01 -0.20 Sliaht 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 aareement 

To evaluate an agreement. between· two dermatologists. the Kappa coefficient 

value of PASI Scaliness scores of 1,283 lesions are determined. The Kappa 

coetlicient value between Dermatologist I and Dem1atologist 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 perfonnance since the 

-Kappa coefficient among the dermatologists is only 0.55. 

To evaluate the performance of PAS! Scaliness algorithm, several lesion samples 

are imaged in two successive scans. PAS! 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 number of tested lesions·is less than the 11umber of scored 

_lesions by dermatologists because -not a~ I lesions are scanned twice. Kappa 

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 dermatoiogists, 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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giYes bctlcr Kappa coefficient agreement thank-means clustering. 

Table 5.19 Summary of agreement from scoring by dermatologists. 
--------- ------------· ---

first Assessment vs. Score.} of Dermatologist 2 J\ssessm~nt 

1 
Total -

Second Assessment I 2 3 4 
-----

Ll 1------f--·---
Scores of 

634 200 4 0 838 --c-----
)crmatologist 

2 37 204 39 0 280 
3 4 24 75 5 108 -

I A sscssment 
4 I 0 40 57 -16 

Total 676 428 134 45 1.283 
---------· 

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

1 f ir~t5A~;~:,s 
--·-,---------------------------
ment Scores of Second Assessment 
nd ----

ent I 2 

First 
1=}-- 79 10 

II 110 
---- 1-

L- __ A_s_scssm 

1

1 

Scores elf 

1~"""~::~ 
3 () 3 -
4 ±= 0 0 -=---- . .. 90 ~ ~ . 123 -

3 

0 
7 

70 
2 
79 

4 

0 
() 

2 
30 
32 

-

Table 5.21 Summary of agreement from scoring by applying FCM algorithm. 
~--·- -------,------------- ·---- -- ----, 
1 First Asscssme 
I vs. Second 

Assessment 

nt 

I 
2 

Scores of Second Assessment 
t-----;---21 

3 

104 12 () 
---

5 108 4 

4 
j Total 

o---f-IT6 

I 
I -r 

0 117 
-- --- _] Sc~:~:toffj_Tt-% 

~~essm~~ 
3 () 

4 0 
6 

---r------- ~-

() 

59 I 66 --
I 24 25 -I 

rota! 
----- -126-1 -- ---

_1__ I 09 64 I 25 295 

Table 5.22 Comparison of Kappa coefficients using k-means and FCM. 

~ Clust~ring algorithm Ka;a coefficient 

f--- _Dermatologist ---t-· -~5500 __ 
1---K-means T 0.8473 
1 _ ___ JC_M ___ ~_ 0.8708 

__ - ~~-·~ 324 
324 -----

_j 

l'crkct agreement hetwcen the tirst assessment and the second assessment I(Jr k

mcans and FCM algorithms are achieved since Kappa coefficients are found to he 

greater than 0. 81. The FCM perf(Jrmance (0.8708) of surface roughness 

classilication is slightly hettcr than k-means (0.8473). FCM clustering. as a soli 

clustc'ring. can hcttcr solve the boundary problems compare to k-mcans clustering. 

Figure 5. I 7 depicts an example of the douhle measurement result. rhese 

measurements are taken ti-om a lesion at an upper limh region (lesion numhcr: I 600 
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and 1601 ). The first and second measurements give Sa= 0.030 mm and 0.033 mm. 

respectively. Ink-means clustering, the measurement results will be classified as the 

different score clusters (score I and score 2) because the boundary level of score I 

and 2 is located in the middle of measurement results. These measurement results 

an: 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 

hy giving the membership degrees or the probabilities of the measured data to cluster 

I and 2. Although the membership degrees of the first and second measurements are 

changing, the tina! 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 I and score 2. A boundary level of the k-means clustering (dotted-line) crosses 

the membership functions of score l (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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de\ iation. and maximum allo\\·able error are used to compute the sample size. To 

obtain the confidence ]e,·e] 95% and error 10%. the sample size of scaliness scores 

are differently found among the scores. A minimum 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 I 00 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 I 00 psoriasis lesions are required to achieve the 

confidence level of 95% for all scaliness scores. The lesion data themselves have 

been collected from registered psonas1s 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 fema!Cs. The study has been approved by the Clinical Research 

Centre, Ministry of Health, Malaysia and registered at NMRR-09-1 098-4863. A 

total of 1, 999 psoriasis lesions are collected in the study. From this total number. 

I ,892 lesions are assessed by dermatologists to obtain PASJ scaliness scores. The 

percentage of the lesion with score I, 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 ofthc lesions are still-under a continuous treatment. 

Two unsupervised clustering methods. k-means and fuzzy c-means ( FCM) 

algorithms arc studied in the research work. These clustering algorithms are widely 

applied in 1i1any medical applications. K-means clustering is used to classify n 

observed pattern into k clusters. Here, each data point is classified into the cluster 

with the nearest mean. There are four clusters representing four sets of PAS! 

scaliness score. K-means clustering algorithm. is validated by applying a clustering 

algorithm towards-the di\'ided dataset. The datasel of lesion roughness is random!) 

partitioned into two equal sized datasets. The consistency of score centroids for ali 

dataset then shows that the score clusters are maximally separated. Centroid 

consistency is additionaily observed on a smaller sample size and the dataset is 

randomly partitioned into three datasets. It is found that centroid differences are not 

more than 3CJ7atal (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 provides the membership degrees of each data 

point. Gaussian fitting function furthem1ore is fitted to the clustered dataset in order 

to obtain the membership degrees of the dataset. Meanwhile. the PAS! scaliness 

score is detem1ined 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 

scores. 

Kappa- coefficient analysis is used to evaluate Inter-rater variation of two 

independent 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 

for evaluating algorithm performance. 

The agreement analysis of PAS! 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 k-means and FCM clustering 

algorithms are evaluated. The Kappa coefficients for k-means and FCM are 0.84 73 

and 0.8708, respectively. Both of agreements are considered as a perfect agreement 

si nee the coefficients are found to be greater than 0.81. In this agreement analysis. 

FCM classification is better thank-means. · 

FCM can solve the boundary problems better than k-means clustering. In the 

classification of k-means clustering, a surface roughness can be classified as different 

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 
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difTercnt scores for the same lesions that are successively acquired in double 

measurements. 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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6.1 Conclusion 

CHAPTER6 

CONCLUSION AND RECOMMENDATION 

In this research, the problems of skin roughness measurement for psonas1s 

assessment arc iiwestigated. · The investigation aims to provide a practical solution 

for clinical treatment in dail}~ Jlractice. Psoi-iasis appears as a red plaque lesion and 

cmers a localised area ofthe.l:xidy. In severe stages. the lesion can be widespread all 

0\er the body. The disease is caused by the wrong signals of the immune system that 

. accelerates the cycle of skin cells' growth. 

Psoriasis patients need periodic medical treatment continuously as the disease 

cannot be completely cured. The PAS! (Psoriasis Area and Severity Index) scoring 

method is considered as gold standard for the severity assessment. To determine the 

psoriasis severity, the PAS! scoring system defines four parameters, i.e. area (ratio of 

lesion 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 lower 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 PAS! 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 that occur in mechanical 

surface profilometry. The fast scanning also could not be performed by applying 

laser profilometry tough it can prmide high scan resolution. Light scattering and 

speckle imaging methods are able to prm·ide non-contact measurement and fast 

scannmg. However. both methods require sophisticated system arrangement and 

standardised environment lighting. Moreowr. 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 in ri1·v high speed· scan at high resolution. 

Therefore it can overcome the scan problem on constant vibration of skin surface.· .. 

To achieve this objective. the PAS! scaliness visual descriptors are studied and 

defined in terms on surface romdmess. This feature can be· measured bv an imauinu ..... . . '-"-

modality and its values are related to the PAS! scaliness scores. An unsupervised 

clustering algorithm is applied to classify the lesion surface into the PAS! 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 is suitable to 

model the human body curvature. The mannequin is commonly used jn the research 

related with the surface determination such as body s\lrface area measurement. The 

measurement methods are mostly applied in clothes designing and medical 

applications. Wurong and Bugao used life-size mannequin to validate a 3D 

reconstruction method for whole body surface imaging [1541. Wang et 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 hody volume is computed 

from the 3D volume of the scanned mannequin. To validate the result. the 

mannequin 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 usually constructed based on human 

body modelling. This model is detennined and developed from the real body 

proportions. As repot1ed in [ 156], Jin Gu eta/. 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 haw conducted a research on the construction of curYature 

maps for 30 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 

patch.:s. 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 divided into four subdivided surfaces 

to reduce the surface curvedness. By applying this method, the lesion surface can be 

flattened and its vet1ical deviations are determined accurately. 

From the validation study, it can be found that the developed surface roughness 

has an error of0.0008 ± 0.0017 mm (Error± O"Total) and gives accuracy of 94.12%. 

This accuracy is quite high (>90%) and therefore the developed algqrithm can be 

implemented to measure real lesions. The measurement errors mostly are caused by 

the limitation of the scanning system. The system could not measure the lesion 

model surface accurately if a part of th-e lesion surface is in a deep concave area. In 

this area, the scanned surface might be located outside the depth of field interval 

(±50 mm). 

There is no prevtous works on surface roughness measurement of psoriasis 

lesion. Most of the works were conducted on normal skin surfaces. Tchvialeva et al. 

[I 09] sumarised the skin surface roughness determinations using two different 

acqusition methods, structured light projection and speckle imaging [ll6] [!58] 

[159]. The structured light projection method is evaluated for measuring skin replica 

and the actual skin surfaces. Jacobi et al. have conducted a research on skin surface 

measurement. The samples were taken from several regions such as forearm, back. 

and forehead 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 f 160]. Table 6.1 summanses 

the comparison of surface roughness measurements on skin surfaces. 

For the ann and hand regions, it can be shown that the surface roughness v·alues 

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 

lO\Yer than in l'il'o structured light projection and speckle imaging methods. In 20 

calculation. the surface roughness is detem1ined higher than the other methods. This 

result can _be caused by incompleteness of measured profiles. Here, the vertical 

deviations 9fthe surface profile are extracted only from a single axis. The maximum 

surface roughness measured from psoriasis lesion (0.1870 mm) is higher than all 

surface rmighness values presented in Table 6.1. This value shows tliat the psoriasis 

lesions surfaces are rougher than the normal skin surfaces. 

Table 6.1 Comparison of skin surface roughness measurements. 

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

--

Method Arm Hand Cheek Back 

Sturctured light 
0.0050, 0.0078 

projection on skin 0.0122 (!16] 0.0110 [121] , 

replica 
[116] [!58] [159] 

In vivo sturctured 0.0074 - 0.0184 
0.0134 [116] 0.0430 [121] 

light projection [116] [158] [159] 

Speckle imaging 
0.0276 ± 0.0076 0.0386 ± 0.0056 0.0354 ± 0.0064 ·0.0298 ± 0.0092 

[109] [109] [109] [109] 

Sturctured light 
0.0302 ± 0.0038 0:0368 ± 0.0094 

projection, 2D 
[160] [ 160] 

calculation 
Developed method 
on the surfaces of 0.0 I 00- 0.1870 
psoriasis lesion -- -- -

The second objective is to deyelop an objective and reliable PAS! scaliness 

scoring. An unsupervised clustering is also applied to score PAS I scaliness based on 

lesion surface roughness. K-means and fuzzy c-means (FCM) algorithms 

furthermore are studied in the research work. The implementation of k-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 tor all datasets. It proves that the score clusters are maximally separated. 

Centroid differences are not more than 3riroral (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 R2 "'I. 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. 30 images from 

two successive scans are used to evaluate ~he scoring objectivity of the developed 

algorithm. The objectives of both clustering algorithms have been proven by the 

kappa coefficients of k-means and FCM algorithms. The coefficient value of k

mcans is 0.8473 whereas the coefficient of FCM is 0.8708. FCM. clustering. as the 

soft clustering, can solve the boundary problems better thank-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 roughne;;s of skin lesions at any body parts. These methods have been 

validated and accepted to be used in a clinical study involving registered 204 

psori~sis patients of Hospital Kuala Lumpur. Furthermore, unsupervised clustering 
-.._ 

algorithi11 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 asses~ment 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 one of the important parameters on skin analysis and assessment. The 

dnelopcd 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 

subsequently be intended for monitoring on skin disease treatment or ltlf an) 

applications related to the cosmetics purposes. 

Polynomial surface tilting has been validated to fit most of body surtace areas. 

I rom this result. it can be shown that the algorithm is suitable for determining the 

curvature of human body surfaces. The maximum coverage area of the algorithm is 

limited by the scanning trame of3D optical scanner. The size of this frame is 40x30 

nHn
1

. Lesions could be widely distributed on the body regions or appear as a single 

lesion covering a large area. To scan a larger area (>4()xJ() mm\ multiple scans and 

assessments on adjacent areas are required. as shown in Figure 6.1. The lesions can 

he 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. 

c----~ 

' ' ' ' ... ____ ... 

(a) (b) 

Figure 6.1 l\lultiple scans for a single large lesion: (a) Large lesion covering part of' 
the region and (b) Single large lesion covering the whole region. 
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APPENDIX A: SURFACE ROUGHNESS OF LESION MODEL AT 

FLAT SURFACES 

Lesion 
Assessment 

Width Height Sa,2 Rl Sa,3 R' S{inal 
R}inal 

Sf mal 

modd (mm) (mm) (mm) (mm) 3 (mm) (mm) 

I I 12.23 10.44 0.0142 0.997 0.0138 0.997 0.0138 0.997 0.0139 

2 12.23 10.44 0.0146 0.996 0.0142 0.997 0.0142 0.997 

3 12.23 IO.H 0.0140 0.996 0.0\37 0.997 0.0137 0.997 

2 I 14.65 I 0.31 0.0123 0.998 0.0120 0.998 0.0120 0.998 0.0130 

2 1-1.65 I 0.31 0.0122 0.998 0.0119 0.998 0.0119 0.998 

3 14.65 10.31 0.0151 0.997 0.0149 0.997 0.0149 0.997 

·' I 14.65 10.31 0.0124 0.994 0.0122 0.994 0.0122 0.99-1 0.0122 

2 14.65 10.31 0.0125 0.994 0.0122 0.99-1 0.0122 0.99-1 l > ._· 
·' 14.65 10.31 0.0123 0.994 0.0121 0.994 0.0121 0.994 

4 I 13.88 9.80 0.0123 0.994 0.0119 0.994 0.0119 0.994 0.0118 

2 13.88 9.80 0.0122 0.994 0.0118 0.994 0.0118 0.994 

3 13.88 9.80 0.0123 0.994 0.0118 0.994 0.0118 0.994 

5 I 12.86 9.67 Olll34 0.995 0.0\32 0.995 0.0132 0.995 0.0149 

2 12.86 9.67 0.0187 0.992 0.0186 0.992 0.0186 0.992 . 
3 12.86 9.67 0.0130 0.99/i 0.0129 0.996 0.0129 0.996 

6 I 12.10 9.93 0.0146 0.950 0.0139 0.954 0.0139 0.954 0.0132 

2 12.10 9.93 0.0129 0.952 0.0122 0.957 0.0122 . 0.957 

3 12.10 9.93 0.0141 0.921 0.0135 0.928 0.0135 0.928. 

7 I 11.21 9.67 0.0112 0.997 0.0111 0.997 0.0111 0.997 0.0112 

2 11.21 9.67 0.0115 0.997 0.0114 0.997 0.0114 0.997 

3 11.21 9.67 0.0112 0.997 0.0112 0.997 0.0112 0.997 

8 I 12.35 9.67 0.0128 0.993 0.0122 0.99-1 0.0122 0.994 0.0114 

2 12.35 9.67 0.0118 0.994 0.0110 0.995' 0.0110 0.995 

3 12.35 9.67 O.D117 0.994 0.0109 0.995 0.0109 0.995 

9 I 14.14 9.55 0.0125 0.980 0.0122 0.981 . 0.0122 0.981 0.0122 

2 14.14 9.55 0.0124 0.981 0.0121 0.982 0.0121 0.982 

3 14.14 9.55 0.0125 0.982 0.0122 0.983 0.0122 0.983 

10 I 13.25 9.29 0.0113 0.993 0.0110 0.994 .0.0110 0.994 0.0109 

2 13.25 9.29 0.0109 0.994 0.0105 0.994.- - D-IH05 0.994 

3 13.25 9.29 0.0116 0.993 0.0112 0.993 0.0112 0.993 

II I 12.23 9.93 0.0133 0.987 0.0129 0.987 0.0129 0.987 0.0124 

2 12.23 9.93 0.0119 0.990 0.0116 0.990 0.0116 0.990 

3 12.23 9.93 0.0131 0.988 0.0128 0.989 0.0128 0.989 

12 I 11.59 9.67 0.0119 0.985 0.0115 0.986 0.0115 0.986 0.0118 

2 11.59 9.67 0.0127 0.983 0.0124 0.985 0.0124 0.985 

3 11.59 9.67 0.0120 0.985 0.0116 0.986 0.0116 0.986 
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--
I Lesion \\'idth !Ieight Sa,2 Sa,3 ' sfinal Srmal Assessment Ri R' I 

R}inal mock I (mm) (mm) (mm) (mm) 3 (mm) (mm) 

13 

~ 
12.99 10.05 0.0113 0.990 0.0109 0.991 0.0109 0.991 0.0108 ! 
12.99 I 0.05 0.0110 0.991 0.0 I 07 0.991 0.0107 0.991 I 

3 12.99 10.05 0.0113 0.991 0.0109 0.991 0.0109 0 991 

I~ I 10.06 9.93 0.013~ 0.972 0.0127 0.975 0.0127 0.975 0.0117 

2 10.06 9.93 0.0117 0.980 0.0109 0.983 0.0109 0.983 

3 10.06 9.93 0.0122 0.976 0.0115 0.979 0.0115 0. 979 

15 I 10.44 9.93 0.0124 0.991 0.0116 0.992 0.0116 0.992 (1.11115 

2 I 0.44 9.93 0.0121 0.991 0.0115 0.993 0.0115 0.993 

3 IO.H 9.93 0.0121 0.992 0.0114 0.992 0.011~ 0.992 

16 I 11.59 10.56 0.0114 0.993 0.0111 0.99~ 0.0111 0.99~ 0.011 () 

I 2 11.59 10.56 0.0113 0.993 run (o· 0.993 0.0 II 0 0.993 

3 I 1.59 10.56 0.0112 0.993 0.0109 0.993 0.0109 0.993 

I 

17 I 11.21 9.93 Q.OI61 0.988 0.0152 0.989 0.0152 0.989 U.OI31 

2 11.21 9.93 0.0130 0.992 0.0119 0.993 0.0119 0.993 

3 lUI 9.93 0.0135 0.992 0.0123 0.993 0.0123 0.993 

18 I 11.21 10.18 0.0122 0.997 0.0113 0.998 0.0113 0.998 0.0114 

2 11.21 10.18 0.0126 0.997 0.0118 0.997 0.0118 0.997 

3 11.21 10.18 . 0.0121 0.997 0.0112 0.998 0.0112 0.998 
----;;;-· I 11.59 10.05 0.0169 0.992 0.0166 0.992 0.0166 0.992 0.013 7 r--

1 11.59 10.05 0.0128 "0.995 0.0125 0.995 0.0125 0.995 

3 11.59 I 0.05 0.0120 0.996 0.0118 0.996 0.0118 0.996 I 
10 I 12.61 10.56. 0.0117 0.998 0.0106 0.998 0.0106 0.998 0.0 I OS 

2 12.61 10.56 0.0123 0.997 0.0111 0.998 0.0111 0.998 

3 12.61 10.56 0.0116 0.998 0.0106 0.998 0.0106 0.99& 

21 I 13.50 10.82 0.0134 0.972 0.0128 0.975 0.0128 0.975 0.0118 

2 13.50 10.82 0.0124 0.977 0.0116 0.979 0.0116 0.979 

3 13.50 10 82 0.0119 0.975 00111 0.979 0.0111 () 979 

22 I 13.76 10.44 0.0127 0.989 0.0123 0.990 0.0123 0.990 0.0124 

2 13.76 I 0.44 0.0134 0.987 0.0130 0.988 0.0130 0.988 

3 13.76 10.44 0.0123 0.990 0.0120 0.990 0.0120 0.990 

23 I 11.72 10.56 0.0133 0.971 0.0126 0.974 0.0126 0.974 0.0125 

2 11.72 10.56 0.0128 0.973 0.0123 0.976 0.0123 0.976 

3 11.72 . 10.56 0.0133 Oo969 0.0126 0.972 0.0126 0.972-

24 I 13.12 10.05 0.0129 0.958 0.0128 0.959. 0.0128 0.959. 0.0129 
. - ---

2 13.12 10.05 0.0126 0.966 0.0125 0.966 0.0125 0.966 

3 13.12 . 10.05 0.0136 0.962 0.0134 0.963 0.0134 0.963 

25 I 12.48 10.05 0.0122 0.996 0.0113 0.997 0.0113 0.997 0.0109 

2 12.48 10.05 0.0116 0.996 0.0108 0.997 0.0108 0.997 

3 i2.48 iO.u5 0.0114 0.991 0.0106 . 0.997 O.ulv6 U.997 

26 I 12.10 10.44 0.0127 0.990 0.0124 0.991 0.0124 0.991 11.0127 

2 12.10 10.44 0.0131 0.986 0.0126 0.989 0.0126 0.989 

3 12 10 10.44 0.0136 0.984 0.0131 0.987 0.0131 0.987 
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Lt:~inn 
Assessment 

Width !Ieight Sa,Z R' Sa,3 R~ 
s{inal 

R{inal 
Srmal 

modd (mm) (mm) (mm) 2 (mm) (mm) (mm) 

17 I 12.23 10.18 0.0129 0.997 0.0124 0.997 0.0124 0.997 0.0120 

I 2 12.23 10.18 0.0123 0.998 0.0118 0.998 0.0118 0.998 
! 

3 12.23 10.18 0.0124 0.998 0.0119 0.998 0.0119 0.998 

~'" I 14.14 10.69 0.0133 0.997 0.0130 0.997 0.0130 0.997 0.0130 

2 14.14 10.69 0.0139 0.996 0.0135 0.997 0.0135 0.997 

3 I.\. I 4 10.69 0.0129 0.997 0.0125 0.997 0.0125 0.997 

29 I 14.65 9.5450 0.0116 0.985 0.0115 0.985 0.0115 0.985 0.0116 

2 15.16 8. 7820 0.0119 0.984 0.0116 0.985 0.0116 0.985 

3 15.92 9.2910 0.0117 0.986 0.0116 0.986 0.0116 0.986 

30 I 14.52 8.5280 0.0113 0.989 0.0109 0.989 0.0109 0.989 0.0109 

2 0.63 8.9090 0.0112 0.988 0.0109 0.988 0.0109 0.988 

3 14.65 9.1640 0.0112 0.989 0.0108 0.990 0.0108 0.990 

:n I r5.-ll 8.6550 0.0112 0.986 0.0111 0.986 0.0111 0.986 0.0112 

2 1~.65 8.5270 0.0114 0.984 0.0113 0.984 0.0113 0.984 

3 15:03 8.5270 0.0113 0.985 0.0111 0.985 0.0111 0.985 

32 I 0.0146 0.965 0.0147 0.964 0.0146 0.965 0.0146 0.965 0.0145 

2 0.0117 0.977 0.0119 0.976 0.0117 0.977 0.0117 0.977 

3 0.0172 0.954 0.0175 0.952 0.0172 0.954 0.0172 0.954 

33 I 0.0096 0.977 0.0095 0.978 0.0095 0.978 0.0095 0.978 0.0121 

2 0.0124 0.965 0.0123 0.965 0.0123 0. 965 0.0123 0.965 

3 0.0147 0.948 0.0146 0.949 0.0146 0.949 0.0146 0.949 
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APPENDIX 8: SURFACE ROUGHNESS OF LESION MODEL AT 

CURVE SURFACES 

No 
Lesion Width Height Sa,2 Rl Sa,3 R' R}ina/ 

Srtnat 
I[) (mml (mm) (mm) (mm) 3 (mm) 

I 11-2 10.05 9.04 0.014 0.996 0.015 0.995 0.996 0.014 

2 11-4 I 1.58 9.42 0.015 0.991 0.015 0.991 0.991 11.015 

3 11-5 11.96 7.77 0.015 0.999 0.015 0.999 0.999 (1_()1 5 

4 11-6 I 3.49 8.40 0.013 0.996 -0.013 0.996 0.996 11.013 

5 11-7 9.5-t 7.64 0.014 0.998 0.014 0.998 0.998. 0.014 

6 I 1-10 11.7 I 6.87 0.014 0.981 0.014 0.982 0.982. 0.014 

7 {·-I 8.53 5.09 0.015 0.987 0,015 0.987 0.987 0.015 

8 I '-4 9.80 4.84 0.012 0.971 0.013 0.964 0.971 ll.O I 2 

9 ( r_.; 9.67 16A~ 0.01:' 0.998 li.OI2 0.998 0.99S U.Ol2 

10 lJ-6 I !1.18 3 82 lUll I 0.996 0.013 0 994 0.996 IJOI I 

I I 11-7 8.53 4.07 0.012 0.970 0.012 0.964 0.970 0.0 I 2 

12 ll-8 10.56 4.07 0.0'12 0.995 0.{113 () 994 0.995 0.0 I 2 

13 [1-9 7.51 4.33 0.012 0.995 0.012 0.995 0.995 0.012 

14 lJ-1 0 8.53 4 20 0.012 0.963 0.012 0:961 0.963 0.012 -- --
IS l 1-11 I 11.18 16.42 0.013 0.997 0.015 0.997 0.997 0.013 

--- -- --- f---- ------ '--- ---- ----- ------~-----
I(, IJ-12 9.54 5.47 0.012 0.994 0.014 0.992 0.994 0.012 

17 ll-13 9.29 3.95 0.015 0.985 0.015 0.984 0.985 fl.()( 5 

18 U-14 9.54 4.33 (1.011 0.991 0.013 0.988 0.991 IJ.O I I 

19 t 1- I 5 9.03 4.58 0.012 0.960 0.012 0.961 0.961 0.012 

20 U-ln 8.91 3.69 0.012 0.998 0.015 0.998 0.998 ()_() 12 

21 U-17 9.80 15.78 0.011 0.988 0.013 0.989 0989 0.013 
-

22 IJ-18 10.43 16.42 0.012 0.996 0.016 0. 993 0.996 0.012 

23 IJ-19 8.91 4.46 0.013 0.993 0.016 0.988 0.993 0.013 

24 ll-20 15.27 7.26 0.014 0.989 0.014 0.990 0.990 0.0 14 

25 ll-23 9.67 11.08 0.013 0.986 0.014 0.982 0.986 0.013 

26 U-24 9.67 5.35 0.0 I I 0.994 0.012 0.993 0.994 0.011 

27 li-25 7.76 5.35 0.012 0.991 0.013 0.989 0.991 (f.() 12 

28 U-26 9.54 5.09 0.011 0.992 0.011 0.991 0.992 'o.OII 

29 U-27 9.93 16.93 0.011 0.990- 0.013 0.988 0.990 - O.ll II 

30 lJ-28 10.05 4.84 0.012 0.993 0.012 0.992 0.993 0.012 

31 ll-30 8.40 15.40 0.015 0.996 0.011 0.998 0. 998 0.0 I I 

32 U-31 10.05 4.58 0.012 0.989 0.012 0.989 0. 989 0.012 

]] U-32 9.92 ! 5.66 0.014 0.998 0.020 0.996 0.998 0.01~ 

34 IJ-33 9.54 4.20 0.013 0.984 0.013 0.985 0.985 0.013 

35 ll-34 9.92 16.55 0.012 0.994 0.012 0.994 0.994 0.012 

36 U-35 9.67 15.78 0.0 II 0.989 (1.0 13 0.985 0.989 0011 
-- --- ---

37 ll-36 9.1n 5.22 1!.012 0.956 0.012 0.956 0. 956 1!.0 I 2 
---- ~·--· -----

147 



"\o 
l.csilHl \\"idth Height Sa,Z 

RJ 
Sa,3 Rz R}inal 

Srmal 
Ill tmrn) (mm) (mm) (mm) 3 ( mm) 

3X I 
l "-:' s 9.67 14.5 I 0.011 0.998 0.014 0.997 0.998 ll.O 12 

39 l :-39 9.16 5.73 0.011 0.991 0.010 0.991 0.991 0.011 

I ~(I l i-~0 9.5~ 15.40 0.011 0.996 0.013 0.995 0.996 0.012 

~I U-~1 9.67 3.95 0.011 0.973 0.012 0.967 0.973 0.011 

I -f2 l i--1-:! 9A2 15.66 0.011 0.993 0.013 0.990 0.993 0.011 
1~-
I 

-1-3 l ·--1-3 I 0.05 5.35 0.011 0.984 0.012 0.984 0.984 0.012 

~~ lJ-~~ 6.87 ~.58 0.014 0.975 0.013 0.978 0.978 0.013 

~5 U-45 9.42 3.69 0.011 0.995 0.011 0.996 0.996 0.011 

L 
~,, 1 1 -~6 9.54 ~.33 0.010 0.928 0.011 0.945 0.945 0.011 

; r I I :-4' I 10.56 5.73 O.CJII 0.992 0.011 0.991 0.992 0.0 II 

i 48 lL-1-R 10.82 15.15 0.011 0.993 0.012 0.993 0.993 0.0 I I 

I 49 1'-49 10.56 4.58 0.012 0.980 0.013 0.979 0.980 0.012 
1--

1 5o I ·-50 9.03 4.71 0.013 0.948 0.013 0.948 0.948 11.1113 

i 51 I 1-52 8.53 4.07 lUll 5 0.968 0.017 0.961 0.968 0.015 t-, 1.1-53 9.03 3.95 0.011 0.974 0.012 0.973 0.974 0.011 ,_ 
I 

:iJ U-54 9.67 5.86 0.012 0.969 0.013 0.962 0.969 0.012 

5-l- t.~-ss 10.18 4.97 0.014 0.983 0.014 0.983 0.983 0.014 

55 lJ-56 9.03 6.11 0.011 0.984 0.011 0.982 0.984 0.011 

56 U-57 9.16 4.84 0.011 0.910 0.012 0.920 0.920 0.012 

57 \1"58 9.91 5.35 0.011 0.963 0.012 0.956 0.963 0.011 
. 

_.:;g I l-59 9.93 4.71 0.015 0.984 0.014 0.986 0.986 0.014 
I 59 t.:-60 9.16 3.57 0.013 0.936 0.013 0.934 0.936 0.013 

60 {.!-62 9.80 4.46 0.011 0.997 0.012 0.997 0.997 0.011 

61 l!-63 9.29 5.09 0.011 0.986 0.012 0.983 0.986 0.011 

62 I !-64 9.16 4.71 0.011 0.926 0.01 L 0.939 0.939 0.011 

! ll.l l!-65 9.29 5.09 0.011 0.984 0.011 0.983 0.984 0.011 

64 l :-66 10.56 17.69 0.011 0.990 0.013 0.988 0.990 0.011 

65 U-67 9.42 5.22 0.014 0.958 0.014 0.954 0.958 0.014 

66 li-68' 9.03 4.71 0.014 0.991 0.015 0.991 0.991 0.014 

67 U-69 9.03 3.31 0.012 0.996 0.012 0.996 0.996 0.012 

6X ll-70 10.18 4.20 0.012 0.972 0.012 0.969 0.972 0.012 

69 l!-71 10.82 17.06 0.015 0.996 0.013 0.996 0.996 0.015 

711 1!-72 9.67 4.71 0.013 0.985 0.013 0.985 0.985 0.013 

71 U-73 10.05 4.58 0.015 0.992 0.015 0.992 0.992 0.015 

71 ll-75 9.54 5.73 0.012 0.991 0.012 0.990 0.991 0.012 
_, 
'-' U-76 8.27 5.86 0.014 0.984 0.014 0.983 0.984 0.014 

7~ ll-77 9.54 16.04 0.012 0.999 0.015 0.998 0.999 0.012 

75 U-78 10.69 14.77 0.011 0.997 0.011 0.997 0.997 0.011 

76 lJ-79 10.56 16.42 0.012 0.997 0.011 0.997 0.997 0.012 

77 l!-80 9.93 15.79 0.011 0.996 0.012 0.995 0.996 0.011 

7X l!-81 10.43 17.44 0.011 0.995 0.011 0.995 0.995 0.011 

79 U-82 10.69 5.09 0.012 0.984 0.013 0.983 0.984 0.012 

80 U-83 I 0.05 16.04 0.013 0.994 0.014 0.994 0.994 0.013 
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~l) 
Lesion \\'idth lkight Sa,2 R' Sa,3 R' R}inal 

Srmal 
ID (mm) (mm) (mm) 2 (mm) 3 ( 111111) 

81 lJ-S4 10.43 5.09 0.012 0.997 0.014 0.996 0.997 0.012 

:n U-87 10.31 5.98 0.012 0.998 0.012 0.998 0.998 0.012 

RJ U-88 10.05 6.24 I 0.014 0.97S 0.014 0.980 0.980 0.014 

84 U-89 10.69 5.47 0.011 0.992 0.011 0.992 0.992 0.011 

8.5 lJ-90 9.93 5.22 0.013 0.997 0.014 0.997 0.997 0.013 

so U-91 10.43 4.71 0.012 0.993 0.013 0.-993 0.993 (l.() 12 

87 U-92 8.02 17.31 0.012 0.988 0.012 0.987 0.988 0.012 

88 U-93 10.18 4.84 0.0.11 0.987 0.012 0.984 0.987 0.011 

89 l 1-94 8.40 17.70 0.013 0.991 0.014 0.990 0.991 0.013 

90 U-95 10.18 5.22 0.012 0.930 0.014 o:914 0.930 0.012 

91 ti-96 10.82 5.09 0.011 0.993 0.011 0.993 0.993 ll.IJI I 

92 l'-97 9.80 5.35 0.013 0.969 0.013 0.968 0.969 0.013 

93 U-98 10.18 16.55 0.012 0988 0.014 0.986 0.988 0.012 

9.~-. T-1 14.12 8.02 0.018 0.977 0.011 0.992 0.9Y2 0.0 I I r-
95 T-2 u.n 7.00 (J.O II 0.949 0.012 0.-940 0.9-N 0.011 

96 T-3 15.01 7.77 0.012 0.944 0.015 0.905 0.944 0.012 

97 1"-4 9.93 6.49 0.013 0.992 0.013 0.992 0.992 0.013 

9R T-5 12.34 7.13 0.014 0.990 0.014 0.990 0.990 0.014 

99 T-6 II. 71 6.24 0.015 0.999 0.018 0.999 0.999 0.015 
-· 

100 1-7 10.82 7.26 0.011 0.988 0.012 0.985 0.988 0.011 

HI I T-8 12.22 7.51 0.012 0.977 0.016 0.962 0.977 0.012 

102 T-9 12.85 6.49 0.013 0.988 0.013 0.989 0.989 0.013 

103 T-10 12.98 10.18 O.OJ6 0.989 0.017 0.988 0.989 0.016 

104 T-Il 11.20 6.62 0.012 0.968 0.011 0.971 0.971 0.011 

105 T-12 13.:13 8.40 0.012 0.986 0.013 0.985 0.986 0.012 

106 T-13 I 1.83 7.51 0.012 0.989 0.014 0.974 0.989 11.012 

107 T-14 11.20 9.55 0.014 0.988 0.013 0.988 0.988 0.014 

108 . T-16 10.56 8.02 0.013 0.983 0.014 0.977 0.983 0.013 

109 T-17 9.67 8.40 O.DI5 0.983 0.015 0.983 0.983 0.015 

110 T-18 10.31 7.77 0.014 0.996 0.016 0.995 0.996 0.0 14 

Ill T-19 13.11 7.89 0.012 0.962 0.012 0.981 0.981 0.012 

112 T-20 9.42 8.28 0.014 0.997 0.014 0.997 0.997 0.014 

113 T-21 10.43 7.26 0.012 0.993 0.013 0.993 0.993 0.01~ 

114 T-22 13.11 9.80 0.011 0.991 0.011 0.991 0.991 0.0 I I 

115 I -23 12.72 8.15 0.011 0.974 0.011 0.975 0.975 0.011 

116 T-24 17.56 8.40 0.012 0.933 0.012 0.933 0.933 0.012 

117 T-25 12.09 7.77 0.012 0.963 0.012 0.964 0.964 0.012 

118 T-26 12.72 7.26 O.OJ2 0.995 0.012 0.995 0.995 0.012 

119 T-28 12.72 9.42 0.014 0.963 0.014 O.Y64 0.964 O.Oi4 

120 T-29 13.49 7.13 0.013 0.946 0.014 0.958 0.958 0.014 

121 T-30 12.34 7.26 IU) II 0.950 0.012 0.942 0.950 0.0 I I 

122 T-.1 I I 1.83 7.89 0.014 0.924 0.014 0.930 0.930 

~~:;-123 T-32 15.01 9.29 0.013 0.979 0.017 0.964 0.979 
-·--· --

149 



" 
i\'o 

L~.:~ion \\"idth lkight Sa.2 R~ Sa,3 Rz R}inal 
Srmal 

10 (mm) (mm) (mm) (mm) 3 (mm) 

12~ r-.33 10.56 7.13 0.01~ 0.998 0.01~ 0.998 0.998 0.01~ 

p.:;; I 1"-34 12.60 9.0~ 0.013 0.985 0.015 0.978 0.985 0.013 

12h I 1'-., 'i 12.22 7.51 (1.012 0.985 0.013 0.984 0.985 0.012 

127 1-36 15.01 7.26 0.013 0.980 0.013 0.981 0.981 0.013 

12& T-37 10.56 7.89 0.013 0.9~3 0.012 0.950 0.950 0.012 

1~9 T-3& 1.1.]3 8.91 0.013 0.996 0.014 0.995 0.996 0.013 

130 T-39 14.38 9.93 0.013 0.996 0.015 0.995 0.996 0.013 

131 T-40 15.65 8.78 0.011 0.993 0.012 0.992 0.993 0.011 

132 1-~ I 13.23 9.55 0.013 0.997 0.013 0.997 0.997 0.013 

133 1-42 1~.51 7.13 0.013 0.991 0.012 0.992 0.992 0.012 

LH T--t3 13.11 8.02 0.013 0.990 0.012 . 0.990 0.990 0.013 

' 135 r-45 14.12 9.80 0.013 0.988. 0.013 0.986 0.988 0.013 

13!l ., -..t6 16.80 9.29 0.014 0.983 0.017 - 0.976 0.983 0.014 

I 137 r-~7 11.96 8.66 0.014 0.957 0.014 - 0.9~8 0.957 O.(ll~ 
I· 

138 T-48 13.23 9.80 0.013 0.982 0.013 >o-.960 0.982 0.013 ' 
IYJ I -..t lJ 15.40 I 0.5 7 0.016 0.975 0.020 - 0.954 0.975 0.016 

-
140 T-50 11.45 7.26 0.012 0.979 0.012 0.980 0.980 0.012 

141 I-51 13.36 8.40 0.013 0.977 0.013 0.978 0.978 0.013 
--

l-l2 r-52 11.45 8.66. 0.011 0.924 0.011 0.929 0.929 0.011 

1-B T-53 12.60 8.15 0.011 0.981 0.012 0.975 0.981 0.011 

I 144 T-58 9.29 14.51 0.014 0.999 0.017 0.998 0.999 0.014 

l·l5 T-60 17.56 9.29 0.015 0.932 0.015 0.933 0.933 0.015 

1-!-6 T-61 9.93 8.91 0.011 0.980 0.012 0.978 0.980 0.011 

l-l7 '1'-62 12.85 8.53 0.014 0.972 0.015 0.968 0.972 0.014 

1~8 r-r}.J 15.27 8.15 0.015 0.973 0.018 0.961 0.973 0.015 

l..t9 r-64 15.65 8.91 0.012 0.997 0.026 0.984 0.997 0.012 

150 T-65 14.51 8.53 0.012 0.991 0.014 0.987 0.9.91 0.012 

151 T-67 16.5-l 10.44 0.015 0.991 0.015 0.992 0.992 0.015 

152 1-68 11.58 7.77 0.013 0.953 0.012 0,975 0.975 0.012 

15J T-69 1.1. II 8.91 0.013 0.989 0.013 0.988 0.989 0.013 

154 T-72 11.83 7.13 0.012 0.991 0.012 0.992 0.992 0.012 

155 T-73 15.40 10.31 0.011 0.958 0.011 0._960 0.960 0.011 

156 r-78 14.25 9.67 0.015 0.990 0.015 0.990 0.990 0.015 

15? T-79 11.96 8.02 0.014 0.999 0.015 0.998 0.999 0.014 

158 T-HO 13.36 5.98 0.011 0.997 0.011 0.997 0.997 0.011 

159 T-81 14.25 7.89 0.013 0.977 0.013 0.974 0.977 0.013 

160 T-R2 13.74 7.26 0.013 0.974 0.014 0.963 0.974 0.013 

161 T-83 13.87 9.17 0.013 0.985 0.013 0.982 0.985 0.013 

162 T-85 12.09 8.53 0.012 0.971 0.011 0.974 0.974 0.011 

163 T-86 14.00 8.40 0.012 0.993 0.011 0.993 0.993 0.012 

164 T-88 15.14 9.29 0.013 0.993 0.013 0.993 0.993 0.013 

165 T-89 12.72 8.15 0.012 0.9.65 0.013 0.960 0.965 0.012 

166 T-90 13.62 7.26 0.012 0.997 0.011 0.998 0.998 0.011 
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;\.'o 
Lesion \\ idth Height Sa,2 R~ Sa.3 R' R}tnal 

Srmal 
ID (rnrn) (mm) (mm) (mm) 3 (mm) 

167 T-91 15.01 9.04 0.0 12 0.996 0.013 0.996 0.996 0.012 

168 T-92 15.14 8.27 0.013 0.995 0.014 0.995 0.995 0.013 

169 T-93 14.38 9.80 0.014 0.977 0.014 0.977 0.977 0.014 

170 T-94 14.38 8.53 0.013 0.955 0.013 0.953 0.955 0.013 

171 T-95 10.82 7.89 0.015 0.988 0.014 0.989 0.989 0.014 

172 T-96 11.21 7.64 0.012 0.947 0.013 0.954 0.954 0.013 

173 T-98 II .83 7.89 0.013 0.998 0.018 0.997 0.998 0.013 

174 T-99 9.42 7.26 0.014 0.984 0.013 0.986 0.986 0.013 

175 T-101 9.03 5.47 0.011 0.991 0.012 0.991 0.991 0.011 

176 T-102 II .45 8.27 0.014 0.996 0.014 0.996 0.996 0.014 

177 T-104 13.23 8.91 0.012 0.988 0.013 0.987 0.988 0.012 

178 T-105 II .32 7.38 0.015 0.975 0.016 0.970 0.975 0.015 

179 T-107 10.05 6.2-t 0.015 0.966 0.016 0.959 0.966 0.015 

180 T-108 14.38 . 1.13 0.014 0.970 0.014 0.967 0.970 0.014 

IX I T-109 12.34 6.62 0.013 0.993 0.014 0.992 0.993 0.013 

IX2 r-110 16.80 7.38 0.015 0.996 0.016 0.996 0.996 0.015 

183 1- II I 10.82 5.22 0.015 0.994 0.016 0.994 0.994 0.015 
-

184 T-114 13.23 7.38 0.014 0.962 0.015 0.955 0.962 0.014 

185 T-118 1.1.49 8.53 0.014 0.982 0.016 0.975 0.982 0.014 

186 T-124 9.03 4.58 0.014 0.999 0.016 0.999 0.999 0.014 

187 T-127 9.54 6.36 0.014 0.992 0.014 0.992 0.992 0.014 

188 T-128 6.74 8.02 0.014 0.998 0.014 0.998 0.998 0.014 

189 T-131 12.34 5.98 0.015 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 

191 T-133 10.43 8.02 0.016. 0.967 0.016 0.967 0.967 0.016 

192 T-134 11.07 7.13 0.014 0.995 0.014 0.995 0. 995 0.014 

193 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 J"-137 I 3.11 7.38 0.014 0.999 0.014 0.999 0.999 0.014 

196 T-138 13.36 8.53 0.015 0.998 0.015 0.998 0. 998 0.015 

197 T-139 11.32 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 T-146 9.29 9.29 0.015 0.993 0.015 0.993 0.993 0.015. 

200 T-147 12.85 6.49 0.013 0.993 0.014 0.991 0.993 0.013. 

201 T -150 10.18 5.22 0.013 0.990 0.014 0.990 0.990 0.!11 3 

202 T-151 9.80 5.73 0.015 0.976 0.015 0.974 0.976 0.015 

203 T-156 7.89 4.07 0.014 0.992 0.014 0. 992 0.992 0.014 

204 T-158 8.78 3.95 0.014 0.974 0.014 0.973 0.974 0.014 

205 T-159 10.05 4.33 0.0 II 0.936 0.012 0.923 0.936 O.Oi 1 

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-1(,3 10.18 4.97 0.012 0.976 0.014 0.970 0.976 0.012 

209 "I- I 65 10.69 5.9R 0.015 0.985 0.015 0.985 0.985 0 () 15 
-
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I i\o 
L~~ion II idth !Ieight Sa,2 R~ 

Sa,3 R~ R}inal 
Sfmal 

J[) (Ill Ill) (mm) (mm) (mm) (mm) 

210 1-166 8.27 3.82 0.013 0.99~ 0.013 0.99~ 0.994 0.013 

211 T-170 8.53 5.09 0.011 0.99~ 0.011 0.99~ 0.994 0.011 

212 1-171 8.~0 5.98 0.012 0.997 0.017 0.99~ 0.997 0.012 

213 1-172 8.53 4.07 0.012 0.995 0.012 0.995 0.995 . 0.012 

214 1-173 9.42 4.33 0.011 0.968 0.011 0.967 0.968 0.011 

115 T·IH 7.64 12.48 0.015 0.993 0.015 0.993 0.993 0.015 

216 r-175 7.25 4.07 0.011 0.971 0.012 0.967 0.971 0.011 

217 1-176 8.65 3.95 0.012 0.939 0.013 0.932 0.939 0.012 

218 l-178 10.05 4.97 0.012 0.942 0.014 0.918 0.942 0.011 

21 {) 1-182 8.65 4.71 0.013 0.961 0.013 0.957 0.961 0.013 

220 1-183 9.16 8.40 0.013 0.987 0.015 0.983 0.987 "0.013 

221 1-185 8.14 3.82 0.014 0.984 0.014 0.983 . 0.984 0.014 
~ 1-187 8.14 3.95 0.013 0.997 0.017 0.995 0.997 -(1.013 I ---

'" ___ , 1-188 7.51 4.07 0.013 0.993 0.016 0.990 0.993 ·0.013 

224 T-189 7.51 4.96 0.011 0.968 0.012 0.964 0.968 :B_0-11 

~15 1-190 IIA5 6.62 0.013 0.99<1 0.013 0.990 0.990 .0.0 13 

226 T-191 8.53 5.09 0.014 0.933 0.014 0.926 0.933 0.014 

227 T-193 10.69 3.69 0.013 0.953 0.013 0.951 0.953 0.013 

218 l-197 10.31 4.46 0.014 0.993 0.014 0.993 0.993 0.014 

22<J T-199 15.40 6.49 0.013 0.999. 0.014 0.998 0.999 0.013 

230 1-200 17.18 6.49 0.014 0.998 0.013 0.998 0.998 0.1114 

231 I -201 13.49 7.13 0.013 0.995 0.015 0.99~ 0.995 0.013 
,,, __ ,_ r-202 12.60 6.37 0.011 0.997 0.013 0.996 0.997 0.011 

2:n 1-203 13.23 6.24 0.011 0. '198 0.1113 0.997 0.998 0.011 

23-l 1-204 15.14 6.11 0.014 0.998 0.014 0.998 0.998 0.014 

~3.5 r-2os lli.l6 7.00 0.014 0.991 0.014 0.990 0.991 0.014 

2:'6 T-207 14.89 7.00 0.013 0.998 0.013 0.998 D.998 0.013 

237 f-208 12.72 6.24 0.014 0.996 0.013 0.997 0.997 0.013 

2JS T-209 liOO 6.87 0.013 0.994 O.Ol4 0.993 0.994 0.013 

239 T-210 13_24 6.62 0.012 0.950 0.012 0.951 0.951 0.012 

240 l"-211 11.45 5.60 0.012 0.993 O.Ol2 0.993 0.993 O.Ol2 

241 r-212 13.36 7.13 0.015 0.989 . 0.014 0.990 0.990 0.014 

2-t2 1-213 12.72 6.87 0.014 0.998 . 0.014 0.998 0.998 0.014 

243 T-214 11.07 10.31 0.014 0.997 0.013 0.997 0.997 0.014 

24~ T-215 14.12 7.51 O.QI5 0.997 0.014 0.997 0.997 O.Ol5 

2-l5 T-216 12.85 6.62 0.013 0.995 0.013 0.995 0.995 0.013 

2-tO T-218 10.56 3.82 0.013 0.922 0.012 0.928 0.928 0.012 

247 T-219 9.80 4.20 0.013 0.990 0.013 0.990 0.990 0.013 

248 1".::~20 5.47 5.98 0.014 0.968 0.014 0.968 0.968 0.014 

249 T-221 10.69 5.86 0.014 0.987 0.015 0.985 0.987 0.014 

250 r-222 10.05 5.86 0.014 0.994 O.Ol4 0.994 0.994 0.014 

251 1-223 5.85 6.11 0.014 0.992 0.014 0.992 0.992 0.014 

252 r-224 10.18 5.47 0.013 0.998 0.013 0.998 0.998 0.013 
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\:o 
l.t::'ion II idth Height Sa,2 R' Sa,3 Rj R}inal 

Srmal 
ID (mm) (mm) (mm) 2 (mm) ( t11 t11) 

~53 L-2 9.29 12.48 0.012 0.982 0.01~ 0.98~ 0.98~ 0.01~ 

25-l 1.-3 I 9.5-l 4.~6 0.0.14 0.967 0.015 0.959 0.967 0.014 

255 1.-~ 9A2 9.42 0.016 0.970 0.018 0.965 0.970 0.016 

156 L-7 10.18 5.73 0.013 0.959 0.014 0.950 0.959 0.013 

257 1.-8 9.67 1~.51 0.011 0.970 0.011 0.975 0.975 0.011 

258 l.-10 9.-l2 4.07 0.013 0.960 0.01~ 0.956 0.960 0.013 

259 L-11 9.42 4.46 0.01~ 0.949 0.015 0.942 0.949 0.014 

260 L-13 9.54 5.60 0.014 0.986 0.014 0.986 0.986 0.014 

2(d 1.-14 9.67 5.35 0.015 0.918 0.015 0.913 0.918 0.015 

262 L-18 8.40 15.53 0.015 . 0.983 0.020 0.970 0.983 (1.015 
-·· --

263 1.-19 10.05 5.73 0.012 0.952 0.013 0.954 0.954 0.013 

26.f 1.-20 9.16 5.35 0.012 . 0.920 0.012 0.913 0.920 0.01:> 

265 1.-21 . 9.5-l 4.96 0.014 -0.954 0.016 0.946 0.954 0.014 

26(J 1.-22 8.40 4.97 0.013 :oms 0.015 0.970 0.978 0.0 13 
----· 

267 I_.:~.:; 9.92 -l.33 0.012 0.963 0.014 0.966 0.966 ().() 14 

268 L-2-l 8.91 5.22 0.011 0.988 0.014 0.980 0.988 0.011 

269 L-25 8.91 4.96 0.012 0.987 0.013 0.983 0.987 0.012 

270 1.-28 9.54 16.80 0.016 0.954 0.019 0.934 0.954 0.016 

271 1.-29 9.93 16.68 0.016 0.971 0.016 0.971 0.971 0.016 

272 l.-30 9.42 5.60 0.014 0.955 0.019 0.913 0.955 0.014 

273 1.-31 9.42 14.13 0.015 0.965 0.015 0.973 0.973 0.()15 

27-l L-32 10.05 5.09 0.014 0.958 0.015 0.947 0.958 0.014 

275 L-36 9.03 4.46 0.015 0.953 0.016 0.943 0.953 0.015 

276 L-37 9.29 4.33 0.015 0.965 0.017 0.952 0.965 0 015 

277 1.-JX 9.67 4.33 0.011 0.994 0.015 ' 0.987 0.994 Cl.Cl II 

27X L-39 9.80 4.96 0.013 0.978 0.014 0.974 0.978 0.013 

279 L-41 10.05 5.22 0.015 0.944 0.017 0.932 0.944 0.015 

280 L-42 10.43 4.07 0.013 0.962 0.013 0.961 0.962 0.013 

281 L-43 9.29 5.09 0.013 0.943 0.013 0.937 0.943 0.013 

282 L-44 10.05 5.47 0.012 0.960 0.014 0.945 0.960 0.012 

283 lAS 10.18 4.84 0.013 0.941 0.015 0.938 0.941 0.013 

284 1.-46 8.53 4.46 0.014 0.976 0.014 0.975 0.976 0.014 

285 L-51 9.80 5.22 0.011 0.974 0.012 0.970 0.974 0.011 

286 L-52 9.42 5.22 0.015 0.942 0.017 0.929 0.942 0.015 

287 1.-53 9.16 5.22 0.012 0.944 0.012 0.950 0.950 0.012 

288 L-58 9 03 5.22 0.014 0.921 0.014 0.923 0.923 0.014 

289 L-59 8.40 5.35 0.015 0.934 0.016 0.928 0.934 0.015 

290 L-69 9.16 5.98 0.012 0.918 0.012 0.917 0.918 0.012 

291 1.-70 I 0.18 6.11 0.015 0.935 0.015 0.930 0.935 0.015 

292 1.-73 8.65 4.58 0.012 0.939 0.012 0.944 0.944 0.012 

293 L-74 8.91 4.71 0.012 0.989 0.012 0.990 0.990 0.012 

29-1 L-75 9.03 4.58 0.012 0.996 0.012 0.996 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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~0 
]_csion \\"idth lkight Sa,2 

R~ Sa,3 R§ R}inal 
Sf mal 

ID (mm) (111111) (mm) (mm) (mm) • 
~Q(l L-7R 8.02 4A6 0.013 0.974 0.014 0.969 0.974 0.013 

I 297 L-80 8.65 5.86 0.015 0.930 0.016 0.919 0.930 0.015 

29X L-85 8.91 4.46 0.014 0.936 0.015 0.958 0.958 0.015 

299 1.-88 9.29 4.58 0.013 0.983 0.015 0.977 0.9R3 0.013 

.100 1.-89 11.83 5.60 0.013 0.982 0.013 0.982 0.982 !1.013 

301 L-90 11.58 5.73 0.014 0.995 0.014 0.995 0.995 0.014 

302 1"-92 10.69 4.97 0.014 0.978 0.014 0.977 0.978 0.014 

303 L-93 9.93 4.33 0.013 0.988 0.013 0.987 0.988 0.013 

304 1.-94 8.65 4.84 0.012 0.972 0.013 0.964 0.972 0.012 

305 L-95 10.05 4.97 0.013 0.966 0.013 0.966 0.966 0.013 

306 1.-96 8.40 4.84 0.015 0.932 0.015 0.932 0.932 0.015 

107 1.-97 8.53 5.22 0.012 0.947 0.012 0.961 0.961 0.012 

JOX 1.-98 9.16 5.]2 0.014 0.981 0.014 0.981 0.981 0.014 

.'\0() 1.-99 9.42 4.46 0.012 0.963 0.012 0.963 0.963 0.012 
-----+-
310_11.-1!1{) 10.56 6.11 0.015 0.903 0.014 0.910 0.910 0.014 

I· 
J\1 I 1.-101 8.40 5.47 0.016 0.945 0.016 0.946 0.946 0.016 

312 1.-1 03 6.49 4.07 0.011 0.968 0.011 0.968 0.968 !l.O II 

313 1.-104 8.65 5.98 0.013 0.962 0.013 0.962 0.962 0.013 

314 L-1 05 8.27 5.22 0.013 0.986 0.013 0.987 0.987 0.013 

315 I.-I 06 9.03 12.86 0.013 0.958 0.013 0.959 0.959 0.013 

Jlfl 1.-107 10.05 5.60 0.013 0.935 0.014 0.917 0.935 0.013 

.117 1.-108 9.16 6.11 0.011 0.944 0.011 0.946 0.946 0.011 

JIX 1.-109 9.93 6.37 0.012 0.924 0.012 0.926 0.926 0.012 

31 <) I.-I II 9.16 5.47 0.012 0.929 0.013 0.924 0.929 0.012 

J:!tl 1.-1 17 9.5-l 6.37 0.014 0.996 0.014 0.996 0.996 0.014 

J~l I -118 9.29 6.75 0.014 0.983 0.015 0.982 0.983 0.014 

J.J:! 1.-123 10.05 5.47 0.014 0.987 0.013 0.988 0.988 0.013 

.l2J r.-125 8.91 6.24 0.015 0.989 0.015 0.988 0.989 O.QI5 

324 1.-127 9.29 4.96 0.01.(! 0.971 0.011 0.972 0.972 0.011 

3.:!5 1.-128 9.80 5.86 0.014-, 0.998 0.015 0.998 0.998 0.014 

3/.6 1.-130 9.54 6.24 0.012 0.983 0.013 0.977 0.983 0.012 

327 1.-131 9.67 5.86 0.013 0.934 0.015 0.924 0.934 0.013 

328 1:-135 10.43 5.09 0.014 0.946 0.013 0.966 0.966 0.013 

329 L'l37 6.62 2.80 0.012 0.990 0.012 0.990 0.990 0.012 

330 '-' 139 9.80 4.46 0.013 0.993 0.013 0.993 0.993 0.013 

331 1.-140 9.80 4.84 0.012 0.990 0.012 0.989 0.990 0.012 

J.l2 1.-143 9.67 6.36 0.015 0.928 0.015 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 1.-14 7 10.56 5.09 0.013 0.953 0.013 0.963 0.963 0.013 

336 L-151 9.80 5.60 0.013 0.965 0.016 0.946 0.965 0.013 

337 L-152 8.65 6.62 0.014 0.982 0.016 0.978 0.982 0.014 

338 L-153 9.16 6.24 0.012 0.975 0.015 0.963 0.975 0.012 
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Xo 
Lesion 1\.idth Height Sa,2 R~ Sa,3 R' RJinal 

Sf mal 
Ill (mm) (mm) (mm) (mm) 3 (mm) 

339 L-156 9.~2 5.98 0.01~ 0. 9.J2 0.016 0.929 0. 9.J2 0.0 I.J 

HO L·ISS 8.91 4.33 0.013 0.988 0.017 0.982 0.988 0.013 

341 1.-160 10.82 5.60 0.015 0.996 0.0 I 5 0.996 0.996 0.0 I 5 

.H2 L-162 10.~3 4.96 0.013 0.991 0.015 0.989 0. 992 0.0 13 

3.t3 L-16.J 10.05 5.22 0.012 0.971 0.015 0.958 0.971 0.012 

3.t4 L-165 9.54 4.71 O.OJ5 0.954 0.016 0.9J8 0.954 0.015 

345 L-166 9.67 5.86 0.012 0.982 0.014 0.975 0.982 0.012 

346 1.-172 8.91 5.73 0.011 0.986 0.01 I 0.986 0.986 0.01 I 

347 1.-173 10.56 5.86 0.013 0.957 0.013 0.957 0.957 OJII 3 

3.J8 L·174 I 1.71 17.3 I 0.015 0.987 0.015 0.988 0.988 0.015 

J.t9 L-li5 16.29 6.87 0.012 0.985 0.019 0.963 0. 985 0.012 

350 1.- 171> I 1.07 5.35 0.111~ 0.948 0.014 0.951 0.951 0.01~ 

351 1.-1811 9.54 5.60 0.015 0.994 0.015 0.99~ 0.99~ 0.0 I 5 

35.2 1.-181 9.03 5.47 0.014 0.992 0.014 0,991 0.99.2 0.014 

JSJ 1.-PG 9.29 5.35 0.013 0.97.J 0.015 ().963 0.97.J 11.013 

354 1.-184 9.93 5.98 0.014 0.974 0.016 0.964 0.974 0.014 

355 1.-186 9.5~ 5.47 0.013 0.981 0.014 0.977 0.981 0.013 

356 1.-187 9.80 16.80 0.014 0.987 0.018 0.970 0.987 0.014 

357 1.-188 10.05 5.73 0.012 0.977 0.01 I 0. 978 0.978 0.01 I 

358 1.- I 90 9.42 5.73 0.011 0.984 0.012 0.979 11984 0.01 I 

359 1.-19 I 9.42 4.71 0.0.12 0.987 0.013 0.984 0.987 0.012 
---

160 L-192 8.02 6.62 0.013 0.937 0.014 0.945 O.Y45 0.014 

361 1.- I 93 I 0.05 5.98 0.013 0.969 0.014 0.964 0.969 0.013 

362 1.-194 10.18 16.55 0.012 0.987 0.016 0.980 0.987 0.012 

363 1.-195 9.67 5.09 0.014 0.926 0.014 0.926 0.926 (1.01~ 

364 1.-196 9.54 4.33 0.015 0.927 (T.Q 14 0.930 0.930 0.014 

365 1.-197 9.93 4.97 (J.(IJ 2 0.979 0.014 0.971 0.979 0.012 

366 1.-198 8.78 4.96 0.011 0.959 0.01 I 0.961 0.961 0.01 I 
--367 1.-199 9.93 4.96 0.011 0.992 0.015 0.9&1 0.992 0.01 I 

368 1.-201 7.89 3.69 0.015 0.906 0.015 0.905 0.906 0.015 

369 L-202 9.42 14.38 0.015 0.969 0.015 0.965 0.969 0.015 

370 1.-203 8.14 4.96 0.012 0.918 0.012 0.916 0.918 0.012 

371 L-204 8.53 5.73 0.013 0.952 0.013 0.952 0.952 0.013 

372 L-205 9.93 5.98 0.015 0.961 0.015 0.960 0.961 0.015 

373 L-21 I 7.76 3.44 0.013 0.998 0.014 0.998 0.998 0.013 

374 1.-213 8.91 5.09 0.0) 5 0.974 0.016 09~9 0.974 0.015 

375 1-215 9.16 6.24 0.011 0.903 0.01 I 0.903 0.903 0.011 

376 L-217 9.42 14.51 0.01 I 0.940 0.012 0.944 0.944 0.012 

377 1.-218 10.56 5.09 0013 0.959 0.013 0.959 0.959 0.013 

378 1.-219 8.78 4.20 0.014 0.941 0.015 0.936 0.941 0.014 

379 1.-221 10.82 4.71 0.012 0 942 0.013 0.931 0.942 0.012 

380 L-222 10.56 4.20 0.011 0.956 (1.0 I I 0.957 0.957 0.01 I 
-

381 L-223 8.91 4.71 0.013 0.965 0.013 0.963 0.965 0.1113 
-· ~~-
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1\o 
Lesion Width Height Sa,2 R' Sa,3 R§ R}inal 

Srmal 
ID (mm) (mm) (mm) 2 (mm) (mm) 

3&2 L-22-1 10.56 4.58 0.015 0.979 0.015 0.979 0.979 0.015 

.183 l_-226 9.29 3.82 0.013 0.998 0.017 0.996 0.998 0.013 

3S-I L-227 9.93 4.07 0.013 0.987 0.012 0.989 0.989 0.012 

.185 L-228 8.02 3.95 0.012 0.998 0.012 0.998 0.998 0.012 

386 L-229 8.53 4.58 0.014 0.996 0.014 0.996 0.996 0.014 

3&7 1.-231 9.54 5.22 0.012 0.991 0.012 0.991 0.991 0.012 

3&8 1.-233 I 0.94 7.64 0.014 0.998 0.014 0.998 0.998 0.014 

389 L->36 11.32 3.69 0.014 0.992 0.015 0.989 0.992 0.014 

390 L-'37 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 LESION 

No Patient Age Ciend~r Reg inn 
Width He1g!lt Sa 2 R' I 

S,u R' R}wal 
' s{I>WI 

(mml (mrn) (mml ' (mm) ' (mm) 

I P-4-MOH 36 ~~ HI 12.86 17.69 0.03\ 0967 0.033 0.967 0.967 0.033 

' P-4-1v!OH 36 \l ll 16.43 19.22 0.036 0.939 0.038 0.930 0.939 0.036 

) P-1-MOH 36 ~~ 1'2 9.17 10.14 0.0<1 0960 0041 0.961 0.961 ON! 

T P-4-MOH 36 ~I U2 6.50 10.05 0.018 0997 0016 0 998 0.998 0.016 

5 p._qBR 69 ~1 l!3 6.75 7.13 0.026 0.926 0.028 0.918 0.926 0.026 

6 P-6-AZI J2 M HI 9_30 7 38 0049 0978 0.049 0.978 0_978 0.0-J.Q 

7 f'-6-AZI 
,, ,_ M Ll 12.86 12.09 0.052 0.96-f 0.052 0.963 0.964 0.052 

8 P-6-,\/1 32 M Tl 13.88 7.51 0.05X 0.950 0.052 0.941 0.950 .0.058 

' P-6-A/1 '7 -'- I M L'l I 1.72 7.76 0.035 0.977 0.037 0.975 0.977 0 035 
--

IIJ P-6-AZI -, -'- 'I Li2 13.50 12 60 0.05-J 0.779 0.0-J.J 0.915 0.915 -~Hl-t} 

II P-6-A/1 32 ~~ U3 8 79 7.51 0.0-16 0.95-l 0.045 0.95-l 0.954 b.O.J5 

" P-7-SIV 40 M L2 10.44 10.31 0.030 0.904 0.027 0920 0.920 0.027 

13 P-7-SIY 40 M L3 6_37 6.75 0.036 0.916 0.037 0.914 0916 0.036 
--

IT P-7-S/\' 40 M r1 6 62 687 0_02(} 0.96'J 0_029 0.968 0 969 0_029 

1) P-7-SI\' TO M T2 739 7.89 0.044 0.901 0.046 0.857 0.901 0044 

"' P-7-SIV 40 M TJ 688 7.13 0.024 0964 0_020 0.976 0.976 0.020 

17 P-8-SUN 62 M HI 4.97 5.85 0.020 0.924 0.020 0_924 0_924 0_020 

1 ~ r-g-su;--,.; 62 ;\.-j L2 7.52 7.25 0.025 0.964 0.027 0.954 0.964 0_025 

19 P-8-SUN 62 M L3 6.88 4.96 0.025 0.928 0.025 0.928 0.928 0.025 

'0 P-8-SUN 62 M Tl 14.14 13.11 O.D35 0.984 0.036 0.984 0.984 0.036 

21 P-8-SUN 6' M T3 5.73 4.71 0.020 0949 0.020 0.949 0.949 0.020 

~2 P-8-SlJN 62 M Ul 2.93 344 0.020 0908 0 022 0.911 0911 0.022 
, _ _ , P-8-SUN (,2 M UJ 3.95 3 69 0.019 0.932 0.019 0.932 0.932 0 019 

2T 1'-9-MO!I 60 M L12 12_74 14.25 0.065 0.955 0 061 0.961 ()_961 0.061 

2) P-9-MOH 60 ~ 1.2 16.05 17 05 0.()41 0.985 0.038 0 987 0.987 0 038 

2n P-9-MOH 60 M- Tl 16.56 15.53 0.045 0.976 0.045 0.975 0.976 0.045 

27 P-9-MOH 60 M T2 12.23 12.34 0.040 0.967 0.042 0.951 0.967 0.040 

28 P-9-MOH 60 M T3 16.17 1438 0.096 0945 0.092 0.950 0.950 0092 

29 P-9-MOH 60 M Ul 7.26 13.87 0.032 0.969 0.029 0.955 0.969 0032 

JO P-9-MOH 60 M 02 7.90 13.75 0.038 0.980 0.039 0.978 0 980 0.038 

31 P-9-MOH 60 M U3 I L8S 1145 0.042 0.983 0040 0.985 0.985 0.040 

32 P-10-MUH 28 M HI 9.55 9.29 0.038 0.950 0.037 0.948 0.950 0.038 

33 P-10-MUH 28 M L!2 6.24 11.96 0 072 0.969 0.069 0.972 0.972 0.069 

34 P-10-MUH 28 M L3 9.55 12.8S 0.051 0.976 0.051 0.975 0.976 0.051 

35 P-10-MUH 28 M r2 5.48 4 20 0.037 0.908 0.037 0.907 0.908 0037 

36 P-10-MUH 28 M T4 16.05 15.40 0.077 0.967 0.070 0.972 0.972 0.070 

37 P-10-MIIH 28 M U2 4_71 8.53 0.026 0.920 0.025" 0 928 0.928 0.025 

3R P-11-TI--IA 43 F ll 1032 I 3 24 0.023 0 977 0024 0_975 0.977 f) 023 

3Y P-1 1-THA 43 r Ll 4.20 5_60 0.016 0933 0.016 0 936 0.936 0.016 

TO P-11-THA 43 c L3 484 5 1)0 0 024 0 959 0_024 0.959 0 959 0.024 
-- ---- .L___ - ~ -- -- ·---- ---- -- - ---------·--
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1- '" I P<1ticnt Ag<.: Gender Region Width Height Sa.Z R' Sa.3 R' R}mal 
Srmal 

(mm) (mm) (mm) ' (mm) ' ( mml 

"' .1'-11-IIJ.\ <3 I Tl 11.08 8.66 0.058 0.9\2 0.052 (1_907 0_9\2 0.058 

.j' I P-11--lll.\ I .j] I I T2 7.51 5.09 0.026 0.965 0.025 0.966 0966 U.U2:' 

I .u I'-ll- rll_.\ <3 F T3 6.62 10.05 0.026 0.950 0.02..1- 0.956 0.956 0_02-t 

"" P-1 1-TI-lA .jJ F UJ 8.28 9.93 0.030 0.958 0.029 0.960 0.960 0.029 

..j"i P-1\--11 L\ .j] F U2 5.09 5.47 0.028 0.97-1 0.026 0.977 0.977 0.026 

"" 1'-1 I-TII.\ 43 I' U3 7.90 11.5R 0.029 0986 0.030 0.986 0.986 ()_{)3() 

-17 P-12- YfT 57 M L2 10.95 7.26 0.043 0.952 0.0-1.2 0.953 0.953 0.042 

"' P-12-YFE 57 M L3 7.39 1196 0.035 0.956 0.033 0.962 0.%2 0.033 

.j') P-\2-YfT 57 ~I T2 9.17 6.62 0.026 0.978 0.027 0.976 0.978 0.026 . 
:'n. j 1'-12-YU 57 ~~ TJ 76-1 5.60 (J.035 0.909 O.O-t6 0.786 09()<1 0 035 

:'1 P-12-YIT 57 M ll3 5.09 5.09- 0016 0.981 0.015 0.982 0.982 0.015 

52 P-l Y-ABD 60 M 
.. 

'fl 6.2-1 8.27 0.039 0.938 0.039 0938 0.938 0_039 

'3 11'-13-\BD 60 ~1 Tc 5.60 6 II 0.015 0.9H 0.01.5 0.9-13 0.9-13 0.015 

='--' 1'+13-_-\BO 60 ~I n 21.1-1- 26.98 '0.059 (L970 0.065 0.962 0.970 0.059 

"'"' 
p+ 1_-;+ \BD ()ll ~1 tJJ R\.5 5.3-1- 0 0-11 0.850 ()_03-1- 0.921 0.921 O.O.H 

' 
.;;!, 

1 1'+1-l--1".\"1 60 I 112 5.73 ,5_98 0.028 0.933 0.028 0.93-l- 0.934 0_02R 

57 P-14-1-'A 1 60 F L2 7.00 433 0.027 0.959 0.026 0961 0.961 0.026 

:'X P-14-FAT 60 F T2 5.35 5.09 0.028 0.930 0.027 0.933 0.933 0.027 

)'-} P-1-1--rAT 60 F Ul 3.82 4.46 0.019 0.9-17 0.018 0.952 0.952 0.018 

(l(\ P-1-l--F AT 60 F LJ2 4.97 4.45 0.021 0.96-1 0.021 0.96-1 0.96-1 0.021 

hi P-1-l+FAI" 60 r lJJ .j 97 -1.20 0.020 0.960 0.018 0.966 0.966 0.018 

-t•.:: P-15-:\11. 37 M 1.1 6.37 10.05 0.029 0_926 0'.029 0.923 0.926 0.029 

(•3 P-15--\1Z 37 M Tl 5.48 12.60 0.032 0983 0.031 0.984 0.98-1 0.031 

(•-I 1'-15-_-\1/ 37 M n 1121 7.64 0.035 0.9+1 0.035 O.Y43 0.9-1-1 0.035 

"' 1'-15-~\IZ 37 M U2 4.59 5.22 0.019 0.912 0.018 0.915 0.915 0.018 
-· 

6(, P-1.:'-.\17. 37 M UJ 5.09 5.85 0.030 0.906 0.030 0.903 0.906 0.0.10 

"' P-1 (J-A/.11 -17 M U2 5.22 6.87 0.048 0.906 0.049 0.9(\.j 0.906 0.0-18 

6X P-16-AZII -17 M T! 4.46 6.24 0,017 0.945 0017 0.945 0.945 0.017 

6'-J 1'-16-:\ZII -17 M Ll 5.86 8.40 '0032 0.926 0034 0 933 0.933 0034 

'" 1'-16-AZII 47 M L2 -1.46 5.85 0.019 0.973 0.020 0.973 o:?J) o.o::w 
71 P-17-f\-HJH 22 M Ul 1184 12.86 0.028 0.981 0.028 0.981 0.981 0 028 

7C P-17-MUII 22 M U2 12.48 14.25 0.022 0.958 0.021 0 960 0960 0.021 

n P-17-rv!IJII 22 M ll3 10.44 10.05 O.o36 0.969 0.037 0.968 0.969 0.036 

7.j P-17-MUI-1 22 M T3 8 41 8.53 OQ31 0.925 0.030 0.930 0.930 0.030 

75 P-17-t-.IUII 22 M 1.1 19.19 16.80 O.Q34 0.987 0.034 0.984 0.987 0.03-1 
.. ,, P-17-f\1{111 21 M L2 15.03 \3_75 0.080 0.960 0.078 0.961 0961 O.Q78 

77 P-17-MUII 22 M L3 1184 16.55 0.035 0.988 O.oJS 0.988 0.988 0.035 

78 P-17-MUH 22 M L4 29.55 22 91 0.0-10 0.977 0.042 0.991 0.991 0.042 

79 P-17-T\-HJH 22 M L5 18.98 21.38 0,038 0.987 0038 0.987 0.987 0.038 

RO P-18-SlD 41 ;vt U2 = ..,.., < 00 0.028 0.951 0.028 0.952 0.952 O.Q28 ,),,/..{.. __,_..,__, 

XI P-18-SID -II M U3 6.62 6.87 0.031 0.921 0031 0.918 0.921 0.031 

82 P-0~-SID 41 M T3 5.73 7.89 0.034 0.934 0.033 0936 0.936 0.033 

83 P-18-SID -II M Ll 11.59 10.06 O.Q25 · 0.967 0025 0.968 0968 0.025 

"" P-1 g.SfD 41 M L2 866 1120 '0.029 0.969 0.028 0.970 0.970 0.028 
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[\.'o Pa!ient -\g..: CJ..:mkr Regidn 
\\"idth Height sa.2 Ri Sa.3 

R:i Rfmal Srmai 
(mml (mm) (mml (mml" (nun) 

1\5 P-19-I''H:R 19 F HI 688 12.35 0.027 0.953 0 029 0_9-P 0.95.) 0.02i 

H6 P-19-NUR 19 F Ul 7.77 10.82 0039 09~6 O.O.t3 0.937 0.946 0.039 

87 P-19-~UR 19 F li2 8 79 11 96 0.0~0 0.9~9 0.039 0.951 ()_9)1 ()_039 

R~ P-1 Y-NLIR 19 I UJ 11.8:1 15.40 0.057 0.951 0.059 0 9~7 0.951 0.057 

89 P-19-NUR 19 F Tl I 1.8~ 10 82 0.041 0980 0.0~1 0 980 0.980 0.0'-ll 

90 P-19-NUR 19 F n. I 1.08 9A2 0.0~0 0.981 0.040 0981 0.981 fJ.040 

91 1'-14-NlJR 19 F T3 8 79 8.02 0.042 0.950 0041 0.95-t 0.954 0_0-tl 

92 P-19-NUR 19 F l1 9_30 13.11 0036 0.993 0036 0.993 0.993 0.030 

93 P-19-',;t_'R 19 r L2 8.79 I L20 0.035 0.956 0.03-t 0.958 0.958 0.(13~ 

94 P-19-:-..:trR 19 r L3 6.88 8_65 0.022 0.970 0.022 0.973 0 973 0.022 

95 P-20-MOH 3-t M lJ3 34 64 13.75 0.079 0.961 0.078 0.962 0.%2 0_07R 

96 P-20-/'v1011 3~ ~I Tl 20.89 16.80 0078 09~8 0 0!6 0.950 0_9)0 0.076 

"' P-20-r\!OH 3-t ~I T3 13.12 10.82 0.051 0.967 0.~8 0 970 0.970 00~8 

9X P-20-!\·fOH ]~ ~I T5 23.94 21.00 0.1 [5 0.967 0.120 0.96-1 0.967 ()_II:' 

<)<} P-20-i\.1011 34 M T6 37.9) 28.38 0.136 0_90-l 0 1~8· 0.9:--J 0.964 0.136 

j()(l P-20-M011 3-J M T7 9.93 7.25 0.076 0.958 0.063 0_953 0.958 0.076 

101 P-20-MOf/ 34 M L1 19 10 16 04 0 Ill 0931 0 131 0.933 0.933 0.131 

102 P-20-r...tOI I 3~ M L2 3719 13 2~ 0.125 0.941 0.116 0.913 0.9~1 0.125 

103 P-20-MOH 34 M LJ 7 00 8.78 0 030 0980 0_027 0.966 0 980 0.030 

JO-t P-21-ZAJ 62 M lJI 13.25 11_58 0.049 0.941 ()_()44 (}_956 0 956 0.044 

105 P-21-7/\1 6:2 M [13 6.11 6 74 0.029 0.948 0.030 0_9-t7 0 948 0.029 
- ---

1U6 P-21-ZAl 6:2 r\1 Ti 25.-t7 21.89 0.036 0.996 0.032 0.997 0.997 0_0_3:2 

107 P-::!1-ZA/ 62 M T2 13.25 12.85 0.038 0 960 0.035 0.963 0.963 0 035 

lOS P-21·ZAI 62 M T3 25.35 7.51 0.067 0.962 O.Q70 0.960 0.962 0.067 

109 P-21-ZAI 62 M Ll 6.62 11.20 0.028 0985 0.028 0.985 0.985 0.02.8 

110 P-21-ZAI 62 M L2 20.38 17.82 0041 0990 0.042 0.990 0 990 0_042 

Ill P-21-ZAI 62 M L3 15.67 1922 0.029 0.963 0.027 0.968 0.968 0.027 

I 12 P-22-MOI-I 38 M Ul 20.76 1744 0.050 0.968 0.051 0.968 0.968 0.05 [ 

113 P·22-MOH 38 M lA 34.26 ~7.74 0.045 0.975 0.050 0.972 0.97S 0.045 

114 P-22-MOII 38 M L5 30.44 27.49 0032 0.976 0.046- 0.987 0.987 0.046 

115 P-22-MOI-1 38 M L6 31.08 26.35 0.032 0.982 0.042 0 990 0.990 0.042 

I I (l P-24-KAM 60 M Ul 8.28 12.22 0.036 0.965 0.036 0.965 0.965 0.036 

117 P-24-KAM 60 M T1 9.43 10.56 0.026 0.965 0.026 0 963 0.965 0_026 

liS P-24-KAM 60 M T2 9.17 12.98 0.026 0.978 0025 0.979 0.979 0.025 

119 P-24-KAM 60 M T3 1783 13.75 0.035 0 971 0 034 0.973 0.973 0.034 

120 P-25-RAB 74 F Ul 8.66 5.98 0.019 0.985 0.019 0 985 0.985 0.019 

121 P-25-RA8 7~ r T4 35 79 28.25 0051 0.913 0_056 0.736 0.913 0.051 

I"" P-25-RAB 74 F T2 1809 1158 0.026 0 991 0.025 0.992 0.992 0.025 

123 P-25-RAB 74 F L2 1006 5_73 0.031 0.924 0.030 0928 0.928 0.030 

124 P-25-RAB 74 F L3 12.3) 12.34 0.071 0.917 0071 0.917 0.917 0071 

125 P-26-SAM 44 M Ul 4.33 3.95 0.033 0.953 0032 0.954 0 954 0.032 

126 P-26-SAM 44 M lJ22 2 29 293 0 018 0923 0018 0.923 0.923 0 018 r---
127 P-26-SAM 44 M U3 4.33 4.45 0015 0.925 0.015 0.928 0.928 ()_()l:'i 

1.28 P-26-SAM 44 M T2 5.22 573 0.025 0.917 0 027 0.931 0931 0.027 
-- ---- - - - ---- - - -- --- --- ----- ----- ------· 
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'\;o Patient Age Gender Region 
\Vidth Height Sa.2 Rj Sa,3 Rj RJmal 

s[PHli 

(mm) {mm) (mm) (mm) (llllll) 

I 29 p-:~6-SAI\.1 44 ~~ L2 23.05 2-1.18 0.051 0.976 0.055 0.98:" 0.985 0.055 

!.30 1'<26~SAtl-1 -l-l \I L3 7.:!6 8.1:" 0.023 0.941 0.023 0.942 0.942 0_023 

I 31 P-27-IH.m 27 F HI 6.88 9.29 '0.025 098-l 0.014 0.985 0.985 0.02-t-

1.r::: P-27~ROII 27 I UJ 4.8-l 5.73 0.033 0.964 0.03-t- 0.963 0.964 0.033 

I_>J 1'-27-R< )J\ 27 F l11 3.06 3.56 0.024 0.920 0.023 0.926 0.926 0.023 

134 P-:!7-ROH 27 I UJ 4.58 5.47 0.026 0.946 0.026 0.946 0.946 0.026 

1'-'' P-27-l{OH 27 F . Tl 3.44 3.95 0.026 0.9:'2 0.026 0.933 0.952 0.026 

136 P-27~ROII 27 F Ll 8.02 8.65 0.025 0.960 0.023 0.965 0.965 0.023 

137 P-27-ROII 27 I· L1 3-!4 3.82 0.016 0.951 0.015 0.956 0.956 0_015 

' 
13X 1'<~7-RC lll 27 F u 6.62 2.93 0.031 0.937 0_031 Q_QJ7 0.937 0.031 

LN P~2X~~I.\R . 52 M U2 12.86 13.2-l 0.068 0.921 0068 0.921 0.921 0.068 

140 P-2S~l\-IAR 52 ~~ Tl 9.93 9.42 0.047 0.911 0.0-!7 0913 0.913 0.047 

14: P-2S~l\IAR 52 M T2 3.69 4.84 .0.025 0.92-t- 0.025 0.925 0.925 0.025 

14.': I'-2X-~1AR 52 ~~ 1.2 20.63 16.67 0.036 0.978 0.033 0.979 0.979 o.o:n 
r--

1-13 P-2X-1\L\R 52 ~I L3 18.60 1884 0049 0.965 0.051 0961 0.965 0.0-N 
··~ 

P::is-~1.\R 0_046 0.986 0.989 0.04-l 1-l-l 52 M L5 24.8-1 27.87 0.044 0.989 

1-15 P~29~BAK 39 M U3 10 44 10.05 0.031 0.955 0.030 0.955 0.955 0.030 

J--1(, P-29-BAK 39 M Ll 9.93 9.29 ·0.044 0.938 0.044 0.939 0939 0.0-!4 

1-!7 J>-29-13:\K 39 M L2 17.96 8.02 0.040 0.950 0.042 0.935 0.950 0.040 

14X P-~9~BAK 39 M lA II. 72 14.89 0.032 0.960 0.032 0.960 0.960 0.032 

14Y 1'~30-CIIL n i\c1 Ill 4,97 6.24 0.0:23 0984 0.023 0.98-l 0.984 0.023 

150 P-30~CHl "" _, '' l:l 1-!65 8.15 0.05~ 0.939 0.0-15 0.9~0 0.939 0.052 

1) I P-30-CIII: 27 M Ti 18.21 1387 0.054 0.975 0.053 0.975 0.975 0.053 

1~2 P-30-("IIF ·n M f2 17.96 11.84 0.037 0.936 0.033 0.948 0.948 0.033 

1'>:- P-JO~C\11. 27 M T3 ' 25.22 15.27 0.077 0.923 0.077 0.924 0.924 0.077 

1_-q 1'-Ju~t 'III: 21 M T4 1-!.14 26.22 0.048 0.910 0.0-!9 0.906 0910 0.048 

I 5S P-30-CIIL 27 M T5 24.07 13.24 0.059 0.950 0.059 0.951 0.951 0059 

L'tl P-JO~CHE 27 M I. I 22.42 23.80 0.040 0.986 0.042 0.984 0.986 0.040 

1)7 1'·30-CIIL 27 M L32 16.30 26.73 0.051 0.960 0.050 0.961 0.961 0.050 

1:'-S. P-31-Cl1E .32 F Ill 11.08 10.18 0.061 0.920 0.061 0.921 0.921 0.061 

159 P-31-CHI·: 32 I U2 17 19 17.95 0.057 0.940 0.053 0.946 0.946 0.053 

lhO P-3\~CIII·. 32 F U3 20 76 12.22 0.060 0.917 0.059 0.918 0.918 0.059 

161 P-31-CHE 32 I Tl 16.17 21.38 ·0.055 0.942 0.053 0.948 0948 0.053 

162 P-31 ~CHF. 32 F T4 12.10 9.93 0.055 0.934 0.054 0.935 0.935 0.054 

163 P~JI-CIIr 32 F Ll 13.37 9.54 0.044' 0.953 0.043 . 0.943 0.953 0.0-!4 

l(>l P~JI~CI-\E . J-2· - + L3 18.98 16.o-l 0.029 0.966 0.029 0.966 0.966 0.029 

165 P-31-CI-IE 32 F lA 16.30 15.65 0.042 0.978 0.042 0.978 0.978 0.042 

166 P-31-CIIE 32 F L5 8.79 10.05 0.034 0.949 0.033 0.951 0.951 0.033 

167 P~32~1.EA 48 F U3 14.52 14.26 0.040 0.967 0.040 0.967 0.967 0.040 

16R P-32~1.FA 48 F Tl 15.41 14.00 0.033 0.951 0.033 0.952 0.952 0.033 

169 P-32-IJ-:A -!8 F T2 11.46 14.13 0.031 0.948 0030 0.950 0.950 0.030 

170 P-32-LEA 48 F T3 16.05 I 1.33 0.049 0.970 0.048 0.971 0.971 0.048 

17! P-32~L[A 48 F 1.3 16 17 11.58 0.089 0.950 0.089 0.951 0.951 0.089 

172 P-33-LAVv' 59 M HI 892 9.04 0038 0.940 0.038 0.941 0.941 0.038 
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:-\(1 Jlat1ent ·\g.: G~ntkr Reg1on 
\\'idth Hc1ght sa.2 R' Sa,3 R' RJmal 

S{mal 

(mm) {01111) (mm) ' (mm) ' {OHll) 

I 73 P-.3.3-L.-\ \\" '9 ~1 1'1 11.59 12.98 0.034 0.980 0.03-1- 0.980 0.98(1 0.03-1-

174 P-33-LA \\ 59 M l)3 10 70 10.82 0.034 0.951 0.033 0.95-1- 0.95--l 0.033 

175 P-3.3-LA \\ 59 i 
'1 T1 21.27 16.29 0.069 0.967 0.073 0.963 0.967 0.06Y 

17h P-33-LA \\ 59 \1 T2 25.73 14.00 0.058 0.970 0.056 0.972 0.972 0.056 

177 P-33-1.:\ \\' 59 M r:; \8_3--1 13.36 0.066 0.959 0.06. 0.960 0.960 0.06-l-

1n P-.13-LA \\' 59 '1 n 34.26 27.36 0.065 0.953 0.072 0.952 0.953 0.065 

IN P-33-Lr-\ \\' 59 '1 T5 19.23 12.47 0.053 0.967 0.051 0.968 0 96S 0.051 

ISO P-33-1 .A\\' 59 '1 L1 8.28 10.82 0031 0.945 0.030 0.947 0.947 0.()30 

I Sl P-.33-I.A \\' 59 M L3 8.79 10_9-1- 0.046 0.963 0.046 0.964 0_9(H 0_0-l-6 

IK::: P-3-1--RIZ 23 F HI 5.48 8.27 0.021 0.989 0.020 0.990 0.990 0.0211 

I S3 P-3-1--RIZ '' -·' I· lll 10.83 24.82 0.040 0.984 0.039 0984 0984 00]9 

I S-t P-3-1-:RI/ 
,, __ , F 11 :w.oo 13.36 0038 0.951 0.040 0.9.:12 0.951 0.038 

IX:' P-J-1--R\Z 23 F l2 12.99 7.38 0.0--17 0 901 0 044 () 911 0_911 (l_ll--t-1-

IR6 P-3-1-RIZ 
,, 
_o F Tl 12.10 10.44 0041 0.964 0.041 0.964 0 964 (J.(I-1-1 

187 P-3-1--RIZ 23 F II 18.34 10.95 0.031 0.960 0.031 0.958 0 900 {I_(IJJ 

188 P-34-RIZ 23 I L2 8 53 16.16 0.035 0.970 0.034 0.971 0.971 0.03-t 

IR9 P-34-R1Z 23 F Ll 13.63 R.l5 0041 0.959 0.041 0.940 0.959 0 041 

190 P-34-RI/ 23 F L4 10.06 7.64 0.031 0.955 0.029 0.962 0.962 0.029 

191 P-34-RIZ 23 F L5 29 04 15.65 0.068 0.960 0.069 0.957 0.960 0.068 

19.::' P-35~RAJ 67 M HI 11.08 12.60 0.029 0908 0.029 0910 0.910 0.029 

193 P-35-R.AJ 67 M Ul 20.00 12.22 0.044 0.950 0.043 0.953 0.953 0_043 

'"" P-35-R.A.I 67 M IJ2 13.88 10.82 0.022 0978 0.021 0.979 0.979 0.021 

19~ P-35-RAJ 67 M U3 10.06 8.78 0.037 0.925 0.035 0.921 0 925 o_o;n 

196 P-35-RAJ 67 M Tl 993 14.13 0046 0.843 0.040 0.907 0.907 0040 

197 P-35-RAJ 67 M T2 21.01 17.95 0044 0972 0.045" 0.968 0.972 0.044 

198 P-35-RAJ 67 M T4 5.60 522 0.045 0.914 0.045 0914 0914 0.0-1-5 

199 P-35-RAJ 67 M !.I 7.64 15.40 0.037 0.985 0.035 0.986 0.986 0.035 

200 P-35-R/\J 67 M L2 8 15 15.91 0.027 0.996 0.025 0996 0.996 0.025 

201 P-36-NUR 21 ~ HI 14.77 16.93 0.065 0.948 ,_0.063 0.952 0.952 0.063 

202 P-36-NUR 21 F Ul 31.97 8.91 0.042 0988 0.036 0.991 0.991 0 036 

203 P-36-NUR 21 F Tl 26.75 15.53 0.053 0.941 0.052 0.944 0.944 0.052 

204 P-36-NUR 21 F L2 14.27 13.75 0.036 0.990 0.038 0.989 0.990 0.036 

205 P-36-NUR -21 F Ll 16.30 21.38 0 040 0.991 0.043 0.990 0.991 0040 

206 P-36-NUR 21 F L4 31.46 26.47 0.057 0.990 0.063 0.987 0.990 0.0:'7 

207 P-37-VAD· 37• F Hl2 459 4 07 0 032 0.951 0.031 0.955 0.955 0031 

208 P-37-VAD 37 F Ul 2.55 3.06 0.016 0.959 0.016 0.959 0.959 0.016 

209 P-37-VAD 37 F U2 2.55 3.18 0.016 0.953 0.016 0.954 0.954 0.016 

210 P-37-VAD 37 F Tl 11.08 11.33 0.022 0.973 0.021 0.975 0.975 0.021 

211 P-37-VAD 37 F T2 5.10 6.11 0.019 0.973 0019 0.973 0.973 0 019 

212 P-37-VAD 37 F Tl 4.33 6.11 0.048 0.936 0.047' 0939 0939 0047 

213 P-38-ROM 43 F HI 3.31 4.07 0.028 0.904 0.034 0 692 0 904 0.028 

214 P-38-ROM 43 F Ul 10./9 12.22 0.022 0.952 0 019 0.947 0.952 0.022 

215 P-38-ROM 43 F U2 4.20 5.85 0.017 0.957 0 017 0.957 0.957 0 017 

1216 P-38-ROid 43 F Ul 3 44 4.71 0.016 0 943 0.017 0.943 0.943 0 017 
- - --- "---" .. 
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' 

' 
No Pati.:nt Age Gender Region 

\Vidth Height Sa.2 R' 5a,3 R~ R{iua! 
Sf mar 

(mm) (ntm) (mm) ' (mm) (mm) 
I 

2!7 P-3R-RO~I 43 I· T2 8.53 7.76 0.016 0.938 0.016 0.936 0.938 0.016 

:!IX 1'-3};-RO~l 43 F f3 8.02 6.62 0.022 0.977 0.022 0.977 0.977 0.022 

219 1'-38-RO~I ..t3 r Ll 5.09 7 89 0.018 0.936 ()018 0.938 0.938 0.018 

2211 P-31-:-ROr-...t 43 r L2 9.04 7.00 0.018 0.963 0.017 0.96-1 0.96-1 0.017 

221 P-38-R0\1 -B r L3 3.06 3.69 0016 0.957 0.016 0.959 0.959 0.016 

"" P-39-MOII 44 ~1 Ul 7.13 9.80 0.048 0.949 0048 0 949 0.949 0.048 

223 P-JY-l\1011 H M lJ2 2.55 4.46 0.023 0.914 0.023 0.913 0.914 0.023 

22--t P-39-t\IOH 44 M U3 5.35 10.18 0.022 0.985 0.020 0.988 0.988 0.020 

225 P-39-!\tOH 44 M Tl I 1.08 7.76 0.030 0 96-1 0.028 0.970 0.970 00?8 

2.:" ll'-3l.J-1\IOII 44 ~I T2 10.83 14.1)(). 0.023 0.933 0.022 0.937 0.937 0.022 

227 P-39-!\-1011 44 iv1 T3 18.85 6.75" 0.033 0.981 0.032 0.982 0.982 -0.032 

22~ P-34-1\1011 44 r-...-1 Ll K41 10.69 0.054 0.940 0.052 ·0.946 0.946 0.052 

:;:;q P-.19-!\IOH 44 ~1 1.3 8.79 7.51 0.069 0.925 0.068 0.927 0.927 0.061-: 

:'3fl jl--1-0-i\H )II 46 ~1 HI 5.60 9.67 0018 0.970 0.017 0.971 0.971 0.017 

2.'~1 P--1.0-MOII 46 M Ul 9.42 1044 0.0-U 0.940 0041 0.946 0 946 (l.041 

~ ', - - 1'--&0-:\It,ll 46 M ll3 7.26 9.4::! 0.030 0.949 0.030 0.949 0.949 O.OJO 

::::u P-tO-i\\011 46 M Ll 14.90 15.65 0.053 0968 0.058 0.961 0.968 0.053 

23-l P--40-!\101-l 46 M L2 7.77 8.91 0.034 0.952 0.034 0.954 0.954 0.034 

235 P-41-SIIi\ 59 M Ill I 1.97 15.91 0.059 0.919 0.059 0.921 0.921 0.059 

236 P-41-S/IA 59 M Ul 4.59 9.16 0.024 0.952 0.023 0.955 0.955 0.023 

2:<7 P-41-SIIA 59 M U2 3.69 4.07 0.016 11.915 0.016 0.927 0 927 0.016 

23S P--~ 1-SIIA 59 M U3 4.46 4.58 0.015 0.926 0.015 0.926 0.926 0.0\) 

::'34 P-41-SI!t\ 59 M Tl 4.33 4.33 0.023 0.939 0.024 0.938 0.939 0.023 

2-lO P--li-SII..\ 59 M T2 4.71 6.49 0018 0.968 0.018 0.969 0.969 0.018 

2.1.1 P-41-SII;\ 59 M T3 3.57 6.11 o.oi! 0.929 0.011 0.936 0.936 0.021 

2J2 P-41-\11-\ 59 M L2 14.39 28.00 0.069 0.957 0.066 0.964 0.964 0.066 

2-D 1'-41-SIIA 59 M L3 5.60 6.11 0.027 0.909 0.021 0.907 0.909 0.0:27 

2-1.4 P-t2-SEL 34 M HI 4.20 3 69 0.020 0.952 0.018 0.963 0.963 0.018 

245 P--U-SEL 34 M Ul 6.37 5.47 0.021 0.987 0.021 0.985 0.987 0.021 

246 P-42-SEI. 34 M U2 3.31 4.58 0.023 0.946 0.022 0 946 0.946 0 022 

247 1'--U-SEL 34 M Tl 7.00 4.96 0.032 0.964 0.032 0.964 0.964 0.032 

24S P-42-SEL 34 M T3 344 3.31 0032 0.944 0.033 0.943 0.944 0.03:! 

:249 P--12-SEI. 34 M Ll 2.55 3.18 0.016 0.962 0.016 0.962 0.962 0.016 -

250 P-41-SEL 34 M L2 5.48· 4.46 0.031 o.go6 0.031 0.906. 0.906 0.031 

~51 P-42-SEL 34 M L3 8.53· 9.55 0.040 0.904 0.037 0.918 0.918 0.037 
. - . 

. . ~5:2 1'-43-MUh 56 M HI 9.04 9.54 0035 0.975 0.037 0.973 0.975 0.035 

253 P-43-MlJI\. 56 M Ul 9.17. 8.02 0.032 0.980 0.033 0.979 0.980 0.032 

25-l P-43-MUK 56 M U2 5.22 6.36 0.021 0.987 0.021 0.987 0.987 0.021 

255 P-43-MUf..:. 56 M U3 4.71 7.51 0.072 0.906 0.072 0.908 0.908 0072 

25() P-43-MUK 56 M T2 662 4.96 O.Oi9 0.975 6.019 0.976 0.976 0.019 

"257 1'-43-MUK 56 M T3 5.60 4.84 0.034 0.959 0.034 0.959 0.959 0.034 

258 P-43-MUK 56 M Ll 6.11 7.00 0.020 0.958 0.021 0.947 0.958 0.020 

259 P-43-MUK 56 M L2 3.82 5.09 0.028 0.938 0.027 0.925 0.938 0.028 

260 P-43-MUK 56 M L3 4.58 5.73 0.014 0.984 0.014 0984 0984 0.014 
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Nn Patient ,\ge tlcmkr Region 
Width Height Sa,2 Rj Sa_3 R' Rjltlal 

Srmai 
{111!11) {mm) (rnm) (mm) ' {mml 

26! P--f.-f.-R..\~1 38 ~I HI I~ I~ 10_9:' 0_037 0_976 0_041 0.972 0_976 O.Cr3 7 

26~ P-44-RAM 38 M Ul 8.~0 8.53 0.043 0.906 0.0-B 0.906 0.906 0_0--B 

263 P-44-RAivl 38 ~1 U2 5.99 8_()2 0.042 0.962 0_042 0.961 (1.'162 0.042 

26-+ P-44-R.--\.~1 38 /1.1 T2 10.44 9.54 0.016 0.984 0.015 0.985 0.98) (l_() 15 

265 P-44-RAi\·f 38 M T3 611 !0.05 .0.028 0.963 0.026 0.968 0.968 ()_026 

266 P--44-RA~f 38 1\l Ll 7.77 8.78 0.026 0.983 0.028 0 981 0.983 0.026 

267 P-44-RAM 38 M L2 7.6~ 6.49 0020 0.952 0.020 0.950 0.952 0_020 

268 P-4-f.-RAJ'vf 38 M LJ 13.50 1107 0.036 0.950 0.036 0.950 0.9.50 0.036 

2f>'J P--45-CH:\ 67 ~I L13 4_08 6. II 0.035 0.930 0.035 0 931 0.931 0.035 

270 P-45-CH.-\ 67 ~I Tl 17.07 18.07 0_0-1-3 0.950 0.040 0.957 0.957 0_0.-f.O 

271 P--4.5-CHA 67 M T.2 7.13 8.15 0.038 0.944 0.039 0_942 0.944 0.038 

272 P-45-C!-IA 67 M Tl. 25.22 20_49 0.036 0.988 0.045 0.969 0988 0.036 

273 P--f.5-CHA 67 ~1 Ll 19.10 13.75 0.048 0.954 0 048 0.954 0954 o 0-f.S 

27-+ P--t5-CI lA 67 ~1 L2 18.21 12.73 0036 0.981 0.035. (1_982 0_9/Q 0.035 

275 J-1-4 5-CII :\ 67 M ' Ll 18.98 14.38 0.035 0.971 0.034 0.972 (/ 97"2. 0 034 

276 P-.:.16-SUB 61 M Tl 5.48 4 33 0_027 0920 0.027 0.918 0.920 O.G-27 

277 P-.:.16-SlJR 61 M T2 2.42 178 0_012 0.971 0_012 0.971 0.971 0 012 

:?7& !~-46-SUB 61 M T3 2.&0 420 ()_021 0.961 0 020 0.961 0.961 0_020 

279 P-46-SUB 61 M 1.1 28_02 9.29 0.023 0.983 0.021 0.985 0.98) 0.021 

2.SO P-46-SUB "' M !.2 9 68 1044 0.019 0 967 0.019 0.968 0.968 ()_(119 

2XI P-46-SlJB 61 M u 7.26 904 0_017 0.93 I 0017 0.932 0.932 0.017 
f--

2'1'i2 1'-47-~HJH 34 M Ill 17.32 10.06 O_O.N 0.950 0.034 0.931 0_9)0 0.039 
f--

2K1 -P-47-M\JI/ 34 M (J2 6.24 7.26 0.017 0 979 0.0!7 0979 0.979 (}_017 

28-+ P-47-MUH 34 M U3 6.37 7.13 0.016 0 987 0.016 0.988 0.988 0_016 

2XS P-47-~tlllf ]4 M fl 8.53 8.15 0033 0.976 0.032 0.978 0.978 0.032 

2X6 P-47-Ml!H ]4 M T2 5.60 7.00 0.019 0.956 0.017 0 941 0_9)11 0 019 

2X7 P-47-MlJII ]4 M Ll /5_28 16.42 0.057 0991 0.056 0991 0.991 0.056 

~8R P-47-MLJH 34 M L2 1286 17.56 0.038 0.952 0.039 0.950 0.952 0.038 

2R9 P--48-\VON 49 M Ul 8.66 10 18 0.028 0.968 0.028. 0.969 () 96" 0.028 
-

290 P-48-WON 49 M U2 6.88 802 0.038 0.967 0.038 0.967 0.967 0.038 

291 P-48-WON 49 M Tl 10.06 12.60 0.041 0.968 0.041 0967 0_968 0.041 

292 P-48-WON 49 M T2 8.28 14.25 0.037 0.964 0.040 0.959 0.964 0 037 

293 P-48-WON 49 M Ll 24.07 15.02 0040 0.991 0034 0.993 0.993 0.034 

294 P-48-WON 49 M 1.2 5.86 6.24 0.024 0.957 0.024 0.954 0_957 0 024 

-295- P-48-\VON 49 M L3 . 2.80' 3.31 0.017 0.961 0017 0.961 ()_96\ 0.017 

2% P-49-MUN 47 M HI 1630 12.35 0.052 0 987 0.048 0.990 0 990 0048 

"297 P-49-MUN 47 M Ul 6.50 7.51 0.038 0.952 0.036 0 952 0.952 0.036 

298 P-49-MUN 47 M U2 5.60 6.62 0.020 0.976 0.019 0.978 0 978 0.019 

299 P-49-MUN 47 M Tl 1044 8.65 0046 0.973 0.045 0.973 0.973 0.045 

_100 P-49-MUN 47 M T3 7.01 624 0.042 0.929 0.040 0.934 0 934 0.040 

301 P+49-tv1UN 47 M 1.1 6.75 12 60 0.031 0.904 0030 0.914 0 914 0.030 

_11]2 P-49-~-1UN 47 M IJR 9.42 1044 0 039 . 0.920 0.040 0.9!9 0.920 0.0:19 

303 P-50-LJM 57 M HI 1006 942 0039 0.993 0.037 0 994 0.994 O_OJ7 
-

30~ P-50-L!M 57 M U3 4.84 7.26 0029 0.952 0.028 0.952 0_952 0.02~ 
-- - .. --- ~- -~- -
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30.'1 P-50-Llt-..1 57 ~1 Tl 9.81 6.75 0.030 0.947 0.029 0.949 0.949 0029 

]~lh P-50-LIM 57 '1 T2 11.46 5.60 0.027 0.911 0.026 0.914 0.914 0.026 

-~117 P-50-LL\f 57 ~I T3 6.24 12.09 0 067 0.924 0074 0.921 0.924 0.067 

JOR P-50-Lli\1 57 ~I T4 36.43 25.58 0.076 0.974 0080 0.992 0.992 0.080 

.31!9 1'-:i0-1.11\1 57 !'vi Ll 764 7.76 0.020 0.972 0.020 0 972 0.972 0.020 

3 j(~ P-50-Lirvl 57 M L3 5.99 7.76 0.032 0.960 0.032 0 961 0.961 0.032 

Jll P-51-TEN 32 M Ul 14.77 17.3 I 0.027 0.989 o:o21 0.990 0 990 0.027 

312 1'-51-TEN 
,, ,_ ~1 U3 6.11 5.85 0.033 0.939 0.033 0.938 0.939 0.033 

.\13 P-51-TLN 32 ~1 Tl 7.51 7.38 0.035 0.901 0.030 0.918 0.918 0.030 

·' 1--t 1'-51-Tr!'.: 
,, _,_ \1 T2 751 10.95 0.029 0.918 0.026 0.933 0.933 0.026 

315 1'-51-TEN 32 M T3 9.55 11.96 0.027 '0.956 (}.028 0.953 0.956 0.027 

31(• 1'-:'1-TEN 32 M Ll 11.08 14.51 0.034 0.992 0.034 0.992 0.992 oinr 
-~ 17 1'-51-TEN 32 'I L2 20.00 14.!3 0.054 0.955 0.052 0.957 0.9:'7 0 052 

31R 1'-51-TEt..: J2 ~~ L3 17.45 21.38 0.033 0.993 0.(J36 0_992 U.Y93 (1_033 

31'1 1'-52-VIJ 35 M Ill 5.86 7.89 0.026 0.914 0.026 0.917 0.917 0.026 

3:;n P-:'i~-\'1.1 35 \1 l_ll 25..t7 20.11 0.072 .0.981 0071 0.982 0.982 O.o71 

321 P-52-VU 35 M U2 14.39 19.98 0.038 0.982 0.039 0 981 0.982 O.o38 

'" _,.., ... 1'-52-VU 35 M U3 16.81 23.67 0.055 0.985 0.053 0.985 0.985 0.053 

12-' P-.52-VIJ 35 M Tl 18.98 23.80 0.052 0.925 0.0~8 0.940 0.940 0.048 

31-t P-52-YIJ 35 M T2 12.99 10.44 0.039 0.921 0042 0.941 0.941 0.042 

3''' P-52-V\J 35 !'vi T3 10.06 10.18 0.039 0.984 0.039 0.984- 0.984 0.039 

326 1'-52-YU 35 ~~ T5 18.34 25.33 0.082 0.970 -0.081 0.971 0.971 0.081 
,,_ ,_, P-52-\'IJ 35 !'vi Ll 18.60 9.29 0.026 0.979 0.025 0.981 0.981 0.025 

31X P-.52-YIJ 3.5 M l2 27.51 23.80 0.073 0.977 0 081 0.969 0.977 0.073 

32\1 P-52-VIJ 35 M L3 13.63 11.46 0.030 0.988 0.029 0.988 0.988 0.029 

3_l0 1'-;3-kAM 63 M Ul 4.&4 6.36 0017 0.968 0.018 0.967 0.96& 0.017 

.BI P-53-f-.:.At-..1 63 M U2 4.46 6.24 0.029 0.961 0.031 0.948 0.961 0.029 

332 1'-.53-f-.:.AM 63 M Tl 5.86 12.22 0.031 0.953 0.030 0.946 0.953 0.031 

33~ P-53-I..::AM 63 M T2 6.24 7.38 0.017 0946 0.017 0.947 0.947 0.017 

JJ4 1'-.53-f-.:.AM 63 M T3 20.63 19.85 0.067 0.953 0.066 0.954 0.954 0_066 

335 P-53-I..::AM 63 M T4 3.44 344 0.038 0.919 0.038 0919 0.919 0.038 

3Jh P-53-KAM 63 M ll 6.49 5.73 0.023 0.933 0.022 0.936 0.936 0.022 

337 P-53-KAM 63 M L3 9.68 7.76 0.025 0.945 0.028 0.930 0.945 0.025 

338 P-54-LIE 52 M Ul 5.73 5.86 0.045 0.938 0.045 0.939 - 0.939 0.045 

3N P-5-1-UE 52 M U2 5.48 4.96 0.031 0-976 0.031 0.976 0.976 0.031 
. -. -- --

340 P-5-t-LIL: 52 ·-M U3 5.60 5.86 0.030 0.906 0.029 0.907 0.907 0.029 

34\ P-5-l--L\E 52 M Tl 15.28 11.84 0.042 0.962 0.041 0.964 0.964 0.041 

3-l-2 P-5-l--LIE 52 M T5 12.35 8.27 0.025 0.947 0.024 0.949 0.949 0.024 

3-13 P-54-L\E 52 M ll 4.46 5.73 0027 0.962 0.028 0.961 0.962 0.027 

3-1-4 P-54-LIE 52 M L3 4.97 8.27 0.039 0.923 0.037 0.93i 0.93i 0.037 

3-l-5 1'-55-NED 42 M HI 8.28 5.85 O.ot& 0.991 0016 0.993 0.993 0.016 

346 1'-55-NED 42 M Ul 11.59 1082 0.043 0.975 0.041 0.978 0.978 0 041 

3-1-7 P-55-NED 42 M U3 16.17 14.51 0.086 0.981 0.086 0.981 0.981 0.086 

348 1'-55-NED 42 M T! 13.12 14.51 0.054 0.982 0.055 0.981 0.982 0.054 
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3-l-9 p.:;5.NED 42 '1 T2 11.3~ 11.84 0.035 0.923 0_03.l 0_9.::!8 0_9~8 0.034 

350 P·55·NED 42 '1 T3 3.95 687 0 019 0.968 0 017 0_976 0 976 0.017 

3) 1 P-55-NED 4' ~1 II 32.60 10 18 0 0'7 0.962 (J.056 0.967 (1.967 0.056 

352 P·55·NED 42 ·'1 L2 7.64 6.62 0.027 0.965 0.027 0.963 0.965 n.027 

353 P·55·NED 42 '1 LJ 9.93 14.38 0.027 0.95-l 0.031 0 945 0.954 0.027 

35--1- P·55·NED 42 '1 u 32.22 27_11 0.084 0 971 0.103 0.946 0 971 0084 

35) P·56·ROS 53 '1 U1 13.63 11.45 0.044 0.983 0.042 0.985 0.985 0.042 

J)6 P·.'i6·ROS 53 M U2 8.79 I 1.07 0.052 0.919 0.052 0 914 0.919 0.052 

357 P·56-ROS 53 ~I t 13 9JJ4 9.29 0 041 0.903 0.042 0_901 O_Qu:; {)_041 

358 P-:'6-ROS 5) i\l r 12 12 99 17.82 0 074 0.929 0.066 0_947 0.947 {1.()66 

3.W P-56-ROS :'3 M T2 5.99 4.96 0.023 0.928 0.021 0.941 ()_941 (1_021 

3(-,(} P-56-ROS 53 '1 1.1 8.92 7.38 0.020 0.938 0.0.22 0.929 0.938 0.020 

361 P-56-ROS 53 'I L2 13.76 18.96 0.095 0.9-1-6 0093 0.949 ()_949 0_093 

3h2 P·56-ROS 53 M 1.3 13.63 12.09 0.034 0 931 0034 0.932 0.932 0.034 

363 P-56-ROS 53 M 14 30 18 22.15 0 098 0.951 0.106 0_9.--2 0_952 o IOn 

36.t P-56-ROS 53 M LS 27.89 25.33 0.071 0.944 0.072 0.949 0.949 ()_072 

365 P-56-ROS 53 M 1.6 12.48 10.94 0.090 0914 0 089 0 908 0.91--t 0.090 

30() P-57-RAM 56 F II 5.99 7 89 0.026 0 980 0.025 0.982 0.982 0.025 

'167 P-57-RAM 'i6 F Ul .t.58 5.86 0_023 0.967 0.023 0_966 0.967 o_o:u 
361' P-.57-R:'\M 56 F U2 96& 13.24 0.042 0.981 0.042 0981 0 981 0 O.l~ 

36'} P-57-RAM 56 F U3 3.95 5.35 0.024 0.956 0.022 0.961 0.961 0.022 

3 7l) P-57·RAM 56 F II 1337 20.49 0_041 0.908 0.039 0_911 0.911 () 039 

371 P-57-RAM Sb F T2 10.06 1044 0.041 0914 0.041 0.914 0 914 0.041 

37::! P-57-RAM 56 F T3 - 7.77 8.78 0.022 0.932 0.022 0.934 0.934 0_022 

373 P-57-R/\M 56 F 1.1 7.51 9.67 0.037 0.941 0.036 0.9.l4 0 944 0.036 

374 P-57-HArvl 56 F L2 6.50 942 0.029 ()_970 0.027 0_97-t 0.974 0.027 

375 P-58-MOI-I 31 M HI 7.00 5.73 0.022 0.969 0.022 0.970 0 970 0.022 

376 P-58-MOII 31 M Ul 3.06 3.06 0.034 0.917 0034 0.917 0.917 0.034 

377 P-58-f\101--1 Jr M U2 242 3.31 0.023 0 968 0.023 0.967 0_968 0.023 

37R P-58-MOH 31 M U3 7.51 9.55 0.044 0.919 0044 0.920 0.920 0 044 

379 P-58-MOH 31 M T2 2.29 2.93 0.014 0.917 0.015 0.915 0.917 0.014 

380 P-58-MOII 31 M L3 11.84 1247 0.030 0987 0.030 0.988 0.988 0.030 

381 P-59-TAM 47 M U2 12.86 22.53 0.028 j).978 0.026 0.969 0.978 0.028 

3X2 P-59-TAt\-·1 47 M Tl 17 58 18.84 0.026 0.995 0.031 0.993 0.995 0 026 

3S3 P-59-TAM 41 .. M·- 1.11 12_99 21 13 0028 0.9~7 0.028 0.958 0.958 0.028 

384 P-60-JAM 59 M HI 12.99 15.27 0.040 0.988 0.039 0.989 0.989 0.039 

3X5 P-60-JAM 59 M Ll2 3643 28.25 0.053 0.989 0.058 0.987 0989 0.053 
-

386 P-61-DUR 28 M HI 5.60 649 0.051 0.939 0.051 0938 0939 0_051 

387 P-61-DUR 28 M Ul 4.58 5 09 0.015 0.964 0.015 0.965 0.965 0.015 

388 P-61-DUR 28 M U3 280 3.44 0015 0.938 0.015 0 938 0938 0.015 

389 P-61-DUR 28 M II 2.80 4.20 0.015 0.933 0.0!5 0.932 0.933 0.015 

J<)() P-61-DUR 28 M T2 4.07 4_20 0 019 0921 0 019 0.918 0.921 0 019 

_NI P-61-DUR 28 M T3 5 99 6.87 0_015 0.970 0.014 0971 0 971 0.014 
f-- --

3')2 P-61-DIJR 28 M 1.1 5.98 764 0.020 0 957 0019 0.958 0.95R 0 019 
--'- - __ L__ -- ~·---
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s,,nal 

(mm) (mm) (mm) (mm) ' (mm) 

' N3 P-f) 1-[)( IR 28 M L2 5.60 5.22 0.022 0.9:.1.5 0.023 0.945 0.945 0.023 

:_;q_j. P-61-DL;R 28 \I L3 3.-1.-t 4.20 0.038 0.930 0.038 0.930 0.930 0.031\ 

.N5 P-62-VU 50 M Ill I 1.08 16.42 0.101 0.926 0.084 0.946 0.946 0084 • 
396 P-62-VEI-~ 50 M Ul 3.95 3.31 0.026 0.945 0.026 0.946 0.946 0.026 

397 P-62-VE~~ so ~I U2 13.88 14.26 0.052 0909 0.052 0.911 0.911 0.052 

WK P-(12-VIT 50 ~I U3 22.16 11.20 0.053 0.968 0.053 0.968 0.968 0.053 

_ll,N P-62-VLE 50 M T2 8.92 10.69 0.036 0.961 0.037 0.946 0.961 0.036 

-WO P-62-VIT 50 M T3 I 1.34 11.07 0.040 0.954 0.035 0.962 0.962 0.035 

401 P-62-VFE 50 M H 37.19 29.02 0.052 0.978 0.052 0.976 0.978 0.052 

-Ill: P-62-VIJ· :'0 M T5 36.93 28.76 0.089 0.931 (1_094 0.926 0 931 .0.08() 

4•J3 1'-62- \'I_- I· 50 M Ll 15.67 14.89 0.038 0.982 0.037 0.983 0983 . 0.037 

-liLt l'-h2-VIT 50 M L2 18.09 16.42 0.028 0.981 0.030 0.980 0981 0.02X 
.. 

-1<1_ ... 1'-62-VI:L: 50 M 1.3 16.56 14.13 0.047 0.933 O.O-t5 0939 0.939 0.0-15 

-106 P--6J~t-.lt iN. ,, 
·'- ~I Ill 7.90 14.38 .0.048 0.929 0.046 0.934 0.934 0046 

-W7 P~n~~l\.11 iN '0 . ,_ M ll3 5.48 5.98 0.038 0.924 0.036 0.930 0.930 0.036 

.tn~ P~h3·\1l 1N t! M T2 10.32 9.55 O.P.35 0_936 0.035 0.9>7 0_937 () 035 . 

.:fi)Y P-63-l\.1lJN 3~ M T3 13.63 14.89 0.066 0.947 0064 0.947 0.947 0.064 

-tl!_l P-63-MUN 32 M Ll 7.00 7.89 0.030 0.975 0.030 0.975 0.975 0.030 

411 P-63-MlJN 32 M L2 7 00 8.65 0.026 0.969 0.026 0.969 0.969 0.026 

412 1'-64-PAL 55 M Ill 7.39 9.80 0.044 0.925 0.044 0.926 0.926 0.044 

-t\3 P-64-PAI 55 M lll 12.35 14.76 0.030 0.986 0.028 0.988 0988 0.028 

414 ' P-64-P,\L 55 M U2 6.37 8.27 0.025 0.951 0.024 0.953 0.953 0.024 

41) P-6--1-PAI. 55 M ll3 I 1.84 13.36 0038 0.968 0.036 0.952 0.968 0038 

416 P-6--1-PAI. 55 M Tl I 1.08 13.49 0.048 0.934 0.048 0.933 0.934 0.0--18 

~17 P~6--1-PAL 55 M T2 10.83 9.55 0.042 0.972 0.041 0.973 0.973 0.041 

4'" P-6--1-P,\L 55 M T3 9.81 10.31 0.040 0.959 0.038 0.963 0.963 0.038 

--119 P-6--1-PAL 55 M Ll 14.90 17.82 0.046 0.975 0.043 0.978 0.978 0.043 

--120 P-6--1-PAL 55 M L2 23.43 15.02 0.046 0.992 0.041 0.993 0.993 0.041 

421 P-6--1-PAI. ~5 M L3 12.10 10.82 .0.052 0.946 0.052 0.947 0.947 0.052 

--1::!2 1'-65-0NG 56 M HI 10.57 7.76 0.033 0.973 0.028 0.980 0.980 O.Q28 

4'' _, P·65-0NG 56 M U3 3.44 4.71 0.037 0.929 0.037 0.929 0.929 0.037 

424 P-65-0NG 56 M Tl 34.01 10.31 0.052 0.987 0.054 0.983 0.987 0.052 

·C5 P-65-0NG 56 M T2 14.65 13.11 0.024 0.959 0.029 0.9-44 0.959 0.024 

--t26 P-65-0NG 56 M T3 I 1.84 8.91 0.018 0.952 0.018 0.953 .0.953 0018 

427 P-65·0NG 56 M T4 9.42 8.02 0.029 0.931 0.029 0.931 0.931 0.029 

428 P·65-0NG 56 M Ll 6.50 ·7.64 0.035 0.944 0.033 0.950 . 0.956- 0.033 

-429 P-65·0NG 56 M L2 8.53 7.13 0.053 0.941 0.053 0942 ·o.942 0.053 

.no P-65-0NG 56 M L3 8.41 10.95 0.058 0.906 0.056 0.907 0.907 0.056 

-l-31 P-66·AZR 49 M HI 4.71 6.49 0.035 0.965 0.034 0.966 0.966 0.034 

432 P-66-AZR 49 M Ul 3.57 4.46 0.029 0.759 0.027 0.907 0.907 0.027 

..n~ P-66-AZR 49 M U2 3.82 4.58 0.027 0.955 0.026 0.959 0.959 0 026 

-B--1 P-66-AZR 49 M U3 2.93 3.18 0.027 0.939 0.025 0950 0.950 0.025 

-l-35 P-66-AZR 49 M Tl 18.72 13.75 0.050 0.952 0.049 0.953 0.953 0.049 

436 P-66-AZR 49 M T2 841 14.13 .0.045 0.929 0.045 0.933 0.933 0.045 
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-1.37 P-66-A~R .9 '1 rJ 17_32 9_16 0 0:'7 0.937 0_0:'9 0.93-1. 0_937 0 0:'7 

-l-38 P-66-ALR 49 '1 Ll 2-U!-t 16.16 0.047 0.971 0.0-IS 0.969 0_971 0.0-17 

-139 P-66-A/R 49 !\I L1 9.93 2Ul oo•9 0.945 O.O.W (1_930 0 9-1.5 0 0-tY 

-t-10 P-66-AZR 49 M 13 9.93 I I. 71 0.038 0.984 0 039 0984 0.984 0.039 

441 P-67-CI-IF 60 1'd Ul 6 II 7.38 0.021 0.965 0.020 0.969 0.969 0.02<} 

-1.-12 P-07-CIJE 60 '1 lJ2 5.99 9.04 0.02-t- 0.937 0.022 0 946 0.9-t6 0.022 

-143 P-67-CHE 60 '1 U3 9.81 5.85 0.028 0.951 0.028 0.951 0.951 0.028 

4" P-67-CI-IE 60 'I Tl 15.03 12.09 0036 0.955 0.035 0.955 0_955 O_OJS 

-1-1.:> 1'-67-CHE 60 M Ll 21.27 9.-C! 0033 0.994 0.035 0_99-t {)_99-t 0.035' 

-1-1.6 P-67-CIIE 60 !\1 L2 19.10 15.78 0.035 0.965 0.030 0.965 (l_%5 0 036 

447 P-67-CI/E 60 M L3 17.45 12.35 0.035 0.984 0.036 0 .. 983 0.98-t 0.035 

448 P-68-CIIO 61 M Ul 6.24 5.98 0032 0.978 0 033 _0_975 0.97X 0.032 

-1-19 P-08-CIIO 61 ~1 U2 5.60 5.85 0_058 0.911 0.058 0_410 0.'-H/ 0.0)8 

-1511 P-68-UIO 61 \I 1!3 17.32 13.11 0.036 0.961 0.038 0.958 {J 961 0_()36 

-1-)J P-68-CHO 61 M II 5.86 4.46 . 0 030 0.9~5 0.030 ()_9-t5 C_l_ll-l:' 0.030 

-152 P-68-Cfi() 61 M T2 S.02 446 0.020 0 939 0 020 0.936 ()<l39 0.0:20 

~53 P-68--CIIO 61 M n 4.07 4.07 o_on 0_955 0_027 ()_955 0.9:'i5 0.027 

454 P-68-CI!O 61 M Ll :-..86 5.98 0.027 0.945 0027 ()_9-t9 0.949 0.027 

-155 P-68-CHO 61 M 1.3 34 90 12.85 0.035 0 979 0034 0 98\ 0.981 o.o:q 
4)(, P--69-MAI. 32 M HI 2.80 4 07 0 037 0.916 0.038 ()_915 0.916 0.037 

457 1'-69-t\1/\l. 32 M lll 9 -t-2 5.09 0_039 0 978 0.040 0.978 0 978 (J_().H) 

_.5X P-6<;1-1\.-lAI_ 32 M lJ2 iU:'! :"1.S5 0.023 0.936 0.023 0.9-tO (L94U 03)23 

-159 1'-69-MAL 32 M l/3 4.71. 3 18 0.021 0.943 0.022 ()_944 0 944 n_nn 
460 P--69-MAL 32 M Tl2 3.57 3.69 0.026 - 0.931 0.027 0.930 0_931 0.026 

-161 P-69-MAL 32 M T2 3.31 2.93 0017 0.909 0.017 0.908 0 909 ()_017 

-16~ P-6':~-MAI. 32 M T3 3.57 3.31 0.026 0.941 0.026 0.942 0.942 0.026 

463 P-69-MAI 32 M 12 15.67 27.36 0.050 0.975 0.046 0.979 0.979 ()_0--1-6 

464 P-69-MAL 32 M 1.3 27.77 13.62 0.030 0.976 0.039 0 974 0.976 0.030 

-165 P-70-GAN 51 M HI 27.38 . 26.73 0.081 0.973 0.080 0 973 0973 0.080 

-t66 P-70-GAN 51 M Ul 25.98 10.82 0.065 0.964 0.060 0.968 0.968 0.060 

467 P-70-GAN 51 M U2 35.53 9.55 0.070 0.966 0.064 0.967 0967 0.064 

468 1'-70-GAN 51 M Tl 10.19 11.96 0.059 0.909 0.058 0.910 0.910 0.058 

469 P-70-GAN 51 M T4 36.94 28.13 0.094 0.984 0.116 0.972 0 984 0.094 

470 P-70-GAN 51 M T7 37.95 28.13 0 125 0.942 0.131 0.940· . ()_942 0.125 

471 P--70-GAN 51 M Ll 19 10 .· -2.6-.35- 0.074 0_955 0071 0.956 0.956 0 071 

472 P-70-GAN 51 M L2 1949 16.80 0.090 0972 0.082 0.977 0.977 0.082 

473 P-70-GAN 51 M L3 31.97 9.67 0.051 0.985 0.049 0987 0987 0.049 

474 P-71-BUR 34 M HI [ 5.41 15.27 0.088 0.928 0078 0944 0.944 0.078 

475 P-71-BUR 34 M Ul 16.81 18.58 0.044 0.988 0.044 0 988 0.988 0.044 

-176 P-71-BUR 34 M U3 16.81 11.71 0029 0981 0.028 0.983 0.983 0.028 

477 P-71-BUR 34 M Tl 16.05 1349 0 043 0.964 0_045 0 963 0 964 0_0-tJ 

-17S P-71-11UR 34 M n 12.10 15.65 0 050 0.956 0_050 0 956 0 9.:'6 {J.050 

079 P-71-13UR 34 M 14 17.07 20.49 0 044 0.932 0.043 0936 0 936 0.043 
-

--18() P-71-BlJR ]4 M T5 10 70 II. 58 () 036 Lo929 0.035 0.931 0.931 0.03) 
' ··---- ----· 
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I Width Height Sa.2 Sa,3 RJmal 
Sf mat 

1\\1 Pati.:nt :\g..: (iendcr Region R' R' 
(mm) (mm) (mm) ' (mm) ' (mm) 

.tXI P*71-Bl:R !~ ~I T7 7.90 11.20 0.023 0.968 0.024 0.9~3 0.968 0.023 

.ts~ P·71-BUR 3~ ~I Ll 16.17 13.11 0.035 0.966 0.032 0.969 0.969 0.032 

-IX_~ 1'-71-BliR J..t M L2 15.54 15.02 0.035 0.990 0.033 0.991 0.991 0.033 

-IX-I P-72-CIIE ~7 M HI 3.57 5.98 0.025 0.923 0.025 0.922 0.923 0.025 

..18:-- 1'-72-CIH-: ~7 ~I Ul 12.99 17.82 0.051 0.954 O.o48 0.959 0.959 O.O~K 

-lg(l l'-72-CI-IE 47 M U2 11.59 15.40 0.033 0.945 0.031 0.953 0.953 0.031 

.pp P-72-CIIE ~7 M UJ 20.76 15.27 0.064 0.982 0.071 0.980 0982 0.064 

-188 P-72-CIII: 47 M Tl 20.38 7.25 0.087 0.982 0.088 0.981 0.982 0087 

""" P-72-CIIE "7 M T2 18.3~ 16.55 0.053 0.953 0.051 0.957 0.957 0.051 

""' 1'- '2-CIIr ~7 \I T3 19.36 29.53 0.084 0.933 0.083 O.QJJ 0.933 0.083 

-I'll 1'-72-CIII. ~7 M n 19.36 18.20 0.052 0.932 0.055 0.919 0.932 0052 

-llJ~ P-72-CHF ~7 ~I T6 37.83 28.89 0.077 0.985 0.091 0.976 0.985 0.077 

I "'-' 1'-72-<.'I-IE ~7 ':\1 Ll 18.34 16.55 0.028 0.957 0.028 0.963 0963 0.02S 

Nl 1'-72-CIII: ~7 ~I L2 I L.84 12.98 0022 0.963 0.021 0.988 0.988 0.021 

-195 1'-72-CIH: 47 M L3 2~.05" 17.82 0.0~9 0.968 0.045 0.973 0973 0_045 

: -141, 1'-7~-cllr ~7 ~I lA 11.23- 10.05 0_055 0.930 0.060 O.Q:!O 0.930 0.055 

497 P-73-NUR 26 F Ul 5.48 4.71 0.032 0.962 0.031 0.964 0964 0.031 

49R P- 73-NUR 26 F U2 7.01 6.11 ·o.034 0.920 0.033 0.924 0.924 0.033 

4'l'l 1'-73-NLJR 26 F U3 8.02 16.42 0.039 0.978 0.041 0.977 0.978 0.039 

51H'I P-73-NUR 26 F Tl 11.21 11.33 0.043 0.962 0.041 0.964 0 96~ 0.041 

--~~~~ 1'-73-NtJR :!6 F T2 9.68 9.29 0.040 0.959 0.041 0.952 0.959 0040 

;-II~ P-7J-Nt1R 26 F n 6.62 9.67 0.042 0.953 0.041 0.955 0.955 0.041 

503 P-73-NliR 26 F Ll 6.62 5.98 0.037 0.928 0.037 0.926 0.928 0.037 

.""lil-t P-73-NUR 26 F L2 5.35 5.09 0.036 0.930 0.036 0.930 0.930 0.036 

)115 P-95-l'vlOII 53 M HI 5.22 10.18 0.051 0.917 0.052 0.917 0.917 0.052 

'>06 P-9:"-f\101·1 53 M UJ 23.82 13.49 O.oSI 0.968 0.051 0.966 0.96X 0.051 

501 p.tJ5-MOI1 53 M - U2 11.33 8.65 0.025 0.954 0.025 0.95~ 0.954 0.025 

50~ P-95-MOH 53 M U3 9.81 13.11 0.048 0.950 0.048 0.949 0.950 0.048 

5fl9 P-95-MOII 53 M Tl 18.72. 21.38 0.036 0.972 0.039 0.966 0.972 0.036 

:'10 P-95-MOII S3 M T2 30.06. 20.24 0.038 0.983 0.050 0.969 0.983 0.038 

:'!1 P-96-ZAI 62 M HI 7.00 10.82 0.028 0.966 0.029 0.963 0.966 0.028 

5.!2 P-96-ZAl 62 M Ul 17.07 23.80 0.067 0.950 0.064 0.951 0.951 0.064 

5! _:; P-96-ZAI 62 M U2 14.14 13.87 ·o.049 0.971 0.050 0.957 0.971 0.049 

.'i!.:l P-Q6-ZAl 62 M T2 6.11 8.27 0.032 0.936 0.031 0 937 0.937 0.031 

."1:' P-96-ZAl 62 M T3 15.41 10.82 0.054 0.946 0.040 0.970 0.970 0.().10 

51!1 P-96-ZAI 62 M T4 30.18 26.3~ 0.155 0.932 . ·0.141 0921 0.932 0.155 

517 P-96-ZAI 62 M T5 35.02 28.64 0.123 0.973 0.139 0.964 0.973 0.123 

5!S P-96-ZAI 62 M T6 39.61 24.31 0.186 0.941 0.178 0.943 0.943 0.178 

519 P-96-ZAI 62 M Ll 32.48 6.49 0.069 0.964 0.064 0.969 0.969 0.064 

5~(1 P-96-ZAI 62 M L2 8.53 21.51 0.063 0.968 0.060 0.971 0.97i 0.060 

5~! P-96-Z/\1 62 M L4 5.60 14.64 0.044 0.984 0.044 0.983 0.984 0.044 

522 P-96-ZAI 62 M L5 11.84 17.31 0.070 0.952 0.071 0.951 0.952 0.070 

523 P-97-SAT 5~ M Ul 8.53 I 1.45 0.022 0.970 0.021 0.974 0.974 0.021 

524 P-97-SAT 54 M U2 16.81 23.67 0.034 0.984 0.041 0.978 0.984 0034 
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l\'o Patient Age G~rH.kr R~gion 
Width Heigllt Sa,2 

Ri Sa.3 Rj R],wr s;I?WI 
(rnm) (rnm) (rnm) (mm) (rnm) 

52) 1'-97-SAT 5-.t ~1 l ,, 
' 8.0~ 14.25 0.023 0.984 0.024 0.983 () 98-+ 0.023 

526 P-97-SAT 54 M Tl 6.62 1349 0.021 0950 0.023 0_941 0.950 0_021 

'5.27 P-97-SAT 5-+ M 12 7 51 6_24 0_027 0 940 0.027 0 940 ()_9-HJ 0 027 

528 P-97-SAT 54 ~~ L1 16 18 23.0-1 0.050 0.933 0049 0.935 Q_93.'i 0049 

529 P-97-SAT 54 M L2 14.90 12.73 0.032 0 961 0.031 0.962 0.96~ 0 031 

530 P-98-MOII 35 M HI 7.39 7.76 0.044 0.963 0044 0.963 0.963 0.0-+-+ 

531 P-98-MOII 35 M l!l 7.13 7.00 0.031 0.974 0.031 0.974 0 974 0.031 

.:,]2 P-98-~·101-1 35 ~1 u~ 8.15 10_)6 0039 0.931 0.037 0 937 0 937 0.037 

533 P-98-~1011 3:' ~1 U3 7_13 5.85 0.060 0.982 0.060 U.981 0_9X2 ON10 

:l.U P-QS-~10/l 35 ~1 Tl 3.82 4.58 0.022 0.946 0_0~3 0.9-U 0_9-t6 0_022 

.:135 P-9iHviOH 35 M n 3.18 4.07 0.019 0.938 0019 0.938 0_938 o_otq 

536 P-98-~101~ 35 M TJ 3 06 3_44 0.018 0.917 0.018 ()_915 0.917 0.018 

537 P-48-~fOI/ 35 ~1 1.1 2.93 2.80 0_023 0.953 0.022 0.958 0_958 0 022 

53R P-99-ROI/ 34 M Ill 8.28 8.53 0.024 0.964 0.026 0.9S8 ()_96-.t 0.02-+ 

5_)9 P-99-ROII 39 M Ul 15.5-.t 13.1' 0.036 0.980 0.035· 0_9R2 0_9~.:2 O_f1J5 

540 P-99-ROH 39 M U2 9.17 7.13 0.036 0.988 0.037 0988 0 988 0.037 

541 P-99-ROI--I 39 M UJ 11.72 11.84 0.022 0.989 0.022 0.989 0_989 0.022 

5-+2 P-99-ROII 39 M T3 6.75 4.07 0.024 0.949 0.025 0944 0.949 0.024 

S43 P-99-ROil 39 M L2 11.34 8.53 0 032 0.955 0.031 0 956 0_956 ()_OJ\ 
--

).j..j. P-99-ROII 39 M 1.3 777 8.15 0.028 0.962 0.028 ()_962 0.962 0.02S 

5--tS -HJO-MAI 55 M H1 10 19 8.40 0.048 0 939 0.048 0.940 0.9-.t(l ll_04R 

)46 '-100-MAI 55 M Ul 16.56 25.07 0.079 0.965 0.075 0.969 0.%9 0.07.:' I 

5-+7 '-100-MAT 55 M [I] 11.59 1833 0.035 0.986 0.036 0.9S6 0_4X6 0.03(, .1 
5-18 )-100-MAT 55 M Tl 31.33 7.76 0.058 0.927 0.056 0.932 0.932 0.0.:'6 

549 P-1 (JIJ-M('.T 55 M T2 27.51 11.71 0.057 0963 0.065 0.952 0.963 0.057 

550 '-100-MAT :'5 M T4 36.68 28.13 0.105 0964 0.125 0.950 0.964 0.105 

551 P-100-MAT 55 M· T5 9.43 11.20 0.037 0.952 0.033 0.961 0.961 0.033 

552 P-100-MAT 55 M Ll 13.88 27.24 0.073 0.971 0.069 0.973 0.973 0.069 

553 >-t 00-MAT 55 M L2 24.45 16.42 0.026 0.987 0.034 0.977 0.987 0.026 

554 '-100-MAT 55 M 1.3 I 1.72 2787 0.037 0970 0.037 0.970 0.970 0.037 

555 -101-NAN 31 M HI 11.33 9.67 0.042 0.950 0.040 0.9S6 0.956 0.040 

556 P-101-NAN 31 M Ul 25.98 11.33 0.059 0.945 0.057 0.948 0.948 0.057 

557 P-101-NAN 31 M U3 15.54 14.00 0.038 0.974 0.038. 0.975 0.975 0.038 

558 P-101-NAN 31 M T2 16.43 21.13 0043 0.939. 0.043 0.941 0.941 0.0-1-3 

559 P~\01-NAN 31 M T3 27.51 11.58 0.054 0990. .~O..G54 0 990 0.990 0.054 

560 P-101-NAN 31 M Ll 25.22 13.49 0.047 0.988 0.047 0.988 0.988 0.047 

561 1'-101-NAN 31 M L2 15.67 20.11 0.057 0 983 0.056 0.984 0.984 0.056 

562 '-102-MUI--I 56 M Ul 13.88 13.75 0.042 0.970 0.039 0.975 0.975 0.039 

)(JJ -1 02-MlJ/-1 56 M 1!2 15.79 8 78 0.053 0.927 0051 0927 0.927 0.051 

56~ l-102-MUH 56 M Ll3 11.46 7.64 0 028 0.984 0029 0.984 0.984 0.029 

565 >-[02-MUH 56 M Tl 12.35 1375 0.043 0930 0.042 0.930 0.930 0.042 

)(J(l -102-MUII 56 M 9T2 1006 8.53 0 048 0.981 0048 0 982 0_982 0.048 

Sh7 -102-MUH 56 M TJ 15.54 18.07 o_mu 0964 0.083 0 966 () 966 0.08.1 

)f,~ '-102-MUH )6 M T4 36.17 28.76 0 037 0 994 0 044 0 990 ()_994 0 037 
- .. --- --- ···---'··· ----
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I ~" [>atil.'nt .\g.:- G.:nder Region 
\\'idth Height Sa.2 Rj Sa,3 Rj Rjinal 

Sf mal 

(mm) (nun) (mm) (mm) (mm) ' :'!''! >_, 02-\ll :rr 56 ~1 LlA 15.5-1 15.53 0.049 0.988 0.053 0.985 0.988 0.049 

:'71 • ''-102-\H-Il 56 ~1 L2 13.76 8.27 0038 0.962 0.036 0.967 0.967 0.036 

571-,'-102-\H II :'6 ~1 13 9.30 7.13 0.032 0.951 0031 0.955 0.955 0.031 • 
572 P-103-Tr\!\ 56 M HI 7.90 7.51 0.040 0.936 0.040 0.936 0.936 0.040 

.'i73 1'-1 03-TA!'.' 56 il.-1 U2: 7.39 8.53 0.036 0.954 0.036 0.955 0.955 0.036 

."7-l- P-1fl3-Tr\N 56 ~1 LJ3 17.70 26.09 0.053 0.968 0.048 0.954 0.968 0.053 

S75 P-1 03-TAN 56 M Tl 12.48 16.80 0.037 0.845 0.038 0.906 0.906 0.038 

57(> P-103-TA!\' 56 ~1 T2 25.09 19.47 0.043 0.957 0.054 0.954 0.957 0.043 

577 1'-1 03-TAN 56 M L1 14.26 16.55 0.033 0.982 0.038 0.978 0.982 0.033 

57X IP-103-"1 .-\:-.:I 5o \I u 13.12 12.98 0.034 0.962 0.035 0.962 0.962 0.035 

-:;,cJ '-111-1-,\ll\1 21 \1 Ill 5.86 5.98 0.021 . 0.979 0.021 0.978 0.979 0.021 

:-~n '-1 0-1-. \ll!'vl 21 \1 Lll 331 5.09 0.030 0.943 0.029 0.946 0.946 0.029 

."SI '·10~-.-\11!\1 21 '1 ll2 3.69 4.71 0.025 : 0.938 0.024 0.941 0.941 0.024 

:;~~ '-IO .. t...\11\1 21 ~1 U3 2.17 2.42 0.015 .0.928 0.015 0.927 0.928 0.015 

·"'1'3 '-lll~·:\11\1 21 'I Tl 10.95 9.93 0.044 :o973 0.046 0.972 0.973 0.044 

.:;x.t l .. J fl-l- .\fJM 21 '1 T.2 7 77 R.65 0.030 0 Q35 0 02Q 0.937 0.937 0.029 

5X:i ._, 04-/\11!\1 21 M T3 9.68 5.60 0.063 0.945 0.064 0.941 0.945 0.063 

:.'Nh •-104-AIIM 21 ~1 1.1 5.10 5.60 0.025 0.945 0.025 0.945 0.945 0.025 

SN7 '-1 04-AI ltv! 21 M L2 3.82 3.44 0.034 0.920 0.034 0.921 0.921 0.034 

:'iSS P-105-SIIA 30 M Tl 34.39 10.82 0.065 0.955 0.066 0.953 0.955 0.065 

:"XLI P-105-SIIA 30 M T2 22.67 13.36 0.050 0.957 0.049 0.958 0.958 0 049 

:"<J~ I 1'-105-~IIA 30 M TJ 12.86 8.78 0034 0.926 0.034 0.928 0.928 0.034 

:'91 P-1 0:"-SIIi\ JO tvf I. I 31.33 21.00 0.053 0.992 0.058 0.990 0.992 0.053 

... 9~ 1~-105-SII,\ 30 M LIB 23.94 15.65 0.045 0.985 0.046 0.985 0.985 O.O-l6 

593 P-105-SIIA 30 '1 L2 11.46 17.31 0.060 0.956 0.061 0.956 0.956 0.061 

59-l P-105-SIIA 30 M L) 11.84 7.64 0.054 0.917 0.05? 0.922 0.922 0.052 

59.5 P-106-lllJS 38 M HI 3.82 4.58 0.026 0.976 0.026 0.976 0.976 0.026 

)')(, P-1 H6-IIUS 38 M Lll 6.6? I 1.45 0.038 0.958 0.033 0.968 0.968 0.033 

5')7 P-106-1/US 38 M U2 3.57 3.56 0.016 0.944 0.016 0.944 0.944 0.016 

;-.<JS 1'-106-IILJS 38 M U3 5.99 7.64 0.021 0.993 0.019 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 0.016 

60(1 P-1 06-HLJS 38 M T2 7.13 10.56 0.022 0.955 0.019 0.967 0.967 0.019 

601 P-106-lllJS 38 M T3 9.17 4.45 0.019 0.976 0.019 0.976 0.976 0.019 

60~ P-106-/llJS 38 M T4 4.71 4.20 0.021 0.989 0.021 0.989 0.989 0.021 

(~03 1'-106-IILJS 38 M T5 3.31 5.09 0.016 0.943 0.016 0..943 0.943 0.016 

004 P-106-HUS 38 M Ll 7.90 13.75 0.024 0.938 0.021 0.945 0.945- 0.021 

60.5 P-106-IIUS 38 M L2 8.92 12.47 0.030 0.983 0.030 0.984 0.984 0.030 

606 P-1 06·f·ltJS 3R M L3 6.75 10.94 0.022 0.972 0.020 0.976 0.976 0.020 

607 P-107-ABD 54 M Ul 8.15 8.78 0.040 0.962 0.040 0.961 0.962 0.040 

608 P·I07-ABD 5-1 M U2 13.25 9.93 0.028 0.960 0.028 0.959 0.960 0.078 

609 P-107-ABD 54 M Tl 10.19 7.89 0.038 0.918 0.038 0.919 0.919 0.038 

610 P-107-ABD 54 M T2 3.57 4.71 0.029 0.936 0.028 0.937 0.937 0.028 

(J11 P-107-ABD 54 M T3 5.99 6.24 0.032 0.945 0.032 0.945 0.945 0.032 

(l] ~ P-107-ABO 54 M Ll 8.41 9.93 0.043 0.934 0.043 0.933 0.934 0.043 
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1'\:() Patient Age Cien,kr Rcgilm 
\\'idth lkight Sa_2 R' s,_3 

R~ R/mo.l 
Srmal 

(lllnl) (mrn) (mm) ' (nun) (!11111) 

613 1'-103-RAH 56 M HI 9 30 11.58 0.067 0 938 0063 0.9.l2 0.9--12 0.063 

614 P-1 OR-RAil 56 M Ul 13.88 10.82 0.041 0.942 0.038 0.921-: 0 9--12 0.0--11 

615 P-1 08-RAI~ 56 ~1 U2 8 02 8 91 0.043 0916 (I_(J-f2 0.93! 0 931 0.0--12 

hlh P-108-RAI/ 56 ~I U3 5.22 5.85 0.020 0.943 0.020 0.9--13 0.9--13 0 020 

ol7 P-1 08-RAH 56 M Tl 24_45 19.60 0.050 0973 0049 0973 {)_973 OJl--19 

618 P-108-RAH 56 M T2 25.34 15.40 0.074 0.978 0074 0 978 0.978 0.074 

619 P-1 08-RAI-1 56 ~1 Ll 18.98 23.29 0.059 0.983 0059 0.983 0.983 O_Q:'i9 

t.::!O P-1 08-RAH 56 M L2 23.69 26.60 0.039 0.996 0.038 0 996 0.996 0038 

6::!1 P-108-RAil 56 ~I L3 29.55 24.95 0.046 0.996 0.046 0.996 0_996 0.0-ltJ 

6::!2 P-1 OSLBAF 6(] ~1 Ill 7 77 866 0.051 0946 0.051 0_9-16 0.9.l6 0_051 

6n P-1 09-GAF 60 M U3 18.98 28 51 0.043 0.974 0.063 0.952 0_97-l 0.0-l} 

(j24 P-1 09-BAF -60 M Tl 27.00 16.80 0.052 0.949 0074 0.428 0.949 0.052 

0::!5 P-llN-BAF 60 M T2 24_3.1 8.78 0047 0.955 0.045 0.959 0.959 0.045 

626 P-109-RAF -QO \1 T3 SA-1 1196 0.038 0.956 0.038 0.956 0.956 0 P3S 

6::!7 P-109-BAF 6o. ~I T4 25_73 13.75 0 064 0.961 0.058 0 967 ()_967 0.0:'8 

62S P-109-BAF Do M Ll 18.47 20.62 0.063 0 969 0.066 0.96S 0.969 0 063 

629 P-1 09-BAF 60 M L1 23_94 1:us 0.045 0.951 0.035 0.968 0.%8 0.03.:' 

()_\() P-109-BAf' 60 ~1 L3 7.90 6.87 0.016 0.962 0.025 0 962 (L962 0.045 

h3l P-110-TAN 38 M Ul 16.05 14.00 0 046 0 977 0.041 0 980 0 980 0.()-'fl 

hJ2 P-1 lO-TAN JS M l13 12.23 II 96 0.047 0.966 0.046 0.967 0.967 O.O.l6 

(,_;3 P-liO-TAN 38 M T2 9 . .:'5 16.16 0038 0.959 0.038 0 959 0 959 0.038 

(l,Y-t P-llt!-'IAN 3g 1\·1 T3 19.61 1'}.60 0.091 U.Y54 0.089 0.'}57 O.Y57 o.os9 1 

635 P-1 lO-TAN 38 M T5 3694 28 76 0.124 0_957 0.156 0.930 D.957 o.i2-t 

636 P-110-TAN 38 M Ll 24.07 17.56 0.082 0.946 0068 0.948 0 948 0.068 

(137 P-1 10-TAN 38 M L2 15.16 19.02 0.077 0.978 0.072 0.982 0.982 0.072 

631< P-110-TAN 38 M L3 24.58 26.73 0.067 0 961 0.061 0.963 0.963 0.061 

(lJl) P-110-TAN 38 M L4 38.34 29.01 0 101 0.962 0.126 0.9<l0 0.990 0.126 

6-.+0 P-1 lO-TAN 38 M L5 38.72 2825 0.095 0.971 0089 0.973 0973 0 089 

641 P-111-0NG 64 M HI 10.95 I 0.56 0.035 0.936 0.032 0.943 0_943 0.032 

642 P-11 l-ONG 64 M Ul 7.39 10.18 0.045 0.962 0044 0963 0_963 0044 

643 P-1 I l-ONG 64 M U2 6.49 7.76 0.035 0.971 0.033 0.973 0.973 0.()33 

644 P-111-0NG 64 M U3 7.13 7.13 0.049 0.932 0.048 0.932 0.932 0.048 

645 P-11 l-ONG 64 M T3 5.60 7.38 0.031 0.962 0.030 0.963 0.963 0.030 

646 P-111-0NG 64 M Ll 30.06 16.16 0.067 0.941 0.064 0943 0_943 0.064 

647 P-1 I l-ONG 64 M LIB 20.63 18 71 0037 0.983 0.035 0.985 ·0.98-5 --. -0.035 

648 P-111-0NG 64 M L2 17.19 17.82 O.OD 0.979 0.051 0.976 0 9.79 0.053 

049 P-111-0NG 64 M L3 22.03 19 09 0.044 0.967 0039 0.974 0 97-1 0.039 

6.)0 P-112-SEL 42 M U3 16.68 17.44 0.067 0969 0.068 0968 0.969 0.067 

651 P-112-SEL 42 M Tl 10.70 20.74 0039 0.988 0.034 0.967 0.988 0.039 

652 P-112-SEL 42 M T2 20.50 13.62 0.049 0.940 0046 0.953 0.953 0_046 

653 P-112-SEL 42 M T3 29.55 2304 0037 0.992 0.043 0.981 0.992 0.037 

6)4 P-112-SI::l 42 M Ll 23.82 28.64 0.049 0981 0.070 0.962 0981 0 049 

65) P~I\2-SEL 42 M L2 20.89 16.93 0.062 0 985 0064 0.984 0.985 0.062 

l'A5(, I P-1- 12-SlL 42 M L3 30.57 13.24 0.059 0968 ()_())\ 0 982 0.982 ()_())! 
-· -~- - -- --- --·· -- ·-----
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:\o Pati~?nt -\g.~.: Gender Rcgi(ln 
Width Height Sa,2 R' Sa.3 Rj R}mal 

Sf mal 

tmm) (mm) tmml ' (rum) (mm) 

(•:'7 P-113-~0R 21 f Ill 5.22 5.85 0.037 0.929 0.037 0.930 0.930 0.037 

t>:'S P-1 I 3-M)R 21 F Ul 8.41 6.2-t 0.030 0.9-10 0.032 0.931 0.9-10 0.030 

r,:'<J P-113-i\'OR 21 I l i2 3.4-l 3.31 0.025 0.92-t 0.025 0.92-l 0.924 0.025 

ow P-I I 3-NOR 21 F U3 3.18 2.55 0.023 0.915 0.022 0.916 0 916 0.022 

661 P-1 IJ-NOR 21 F T3 7 00 7.00 0.032 0.919 0.032 0.918 0.919 0.032 

062 P-1 13-NOR 21 F l.l I 1.59 840 0.03-1 0.952 0.029 0.962 0.962 0.029 

663 P-I 13-NOR 21 F L2 3.95 3.69 0018 0.929 0.021 0 916 0.929 0.018 

f>6-l P-1 1.3-NOR 21 F 1.3 5.09 4.58 0.022 0.930 0.021 0.937 0937 0.021 

66:- '-Il-l-MOll 29 M HI 5.48 6.24 0.038 0.927 0.037 0.929 0.929 0.037 

'""' 
1-11-t-\1011 29 ~I l' I 5.QQ 1171 0.037 0.9-t2 0.030 09-16 0.9-16 0.030 

N.•7 '-11-t-XIOII 29 ~I L' ,_ 7.39 7.76 0.031 0.971 0.028 0.97-1· 0974 0.028 

(,f,g )-11-l-~1()1-1 29 ~1 Tl 31.08 15.02 0 06-1 0.907 0.062 0.911 0.911 0.062 

(l(l<} -11-1-~1011 29 ~1 T2 2Y.I7 17.18 0.07.5 0.970 0.065 0.960- 0.970 0.075 

(,711 )-11-l-~1011 29 M T3 25.35 12.86 0.086 0.969 0.081 0.973- 0.973 0.081 

671 '-I 1-l-MOH 29 M T-1 38.21 28.89 0.088 0.978 0.126 0.950: . 0.978 0.088 

h72 )-Il-l-MOll 29 ~1 Ll 13.37 17.56 0.046 0.973 0.0-tS 0.955 0.973 0.046 

673 '-Il-l-MOll 29 M L2 30.31 12.60 0.061 0.973 0.054 0.977 0.977 0.054 

674 )-114-MOII 29 M L3 9.55 9.93 0.042 0.948 0.041 0.949 0.949 0.041 

675 )-114-MOII 29 M L4 9.04 11.20 0.098 0.929 0.093 0.937 0.937 0.093 

67ft '-114-MOI-I 29 M L5 38.34 28.76 0.088 0.948 0.088 0.949 0.949 0.088 

()77 1'-115-RAJ 32 M U1 37.57 13:36 0.090 0.923 0.067 0.931 0.931 0.067 

hi~ P-115-RAI 31 M U2 39.61 10.56 0.070 0.951 O.o70 0.950 0.951 0.070 

(174 P-115-RA.l 32 M U3 2229 22.15 0.054 0.971 0.053 0.972 0.972 0.053 

Mm 1'-11 ~-RAJ 32 t\·1 Tl 19.87 18.20 0.078 0.966 0.078 0.967 0.967 0.078 

MO P-115-RA.I 32 M T2 28.02 14.76 0.064 0.964 0.067 0.961 0.964 0.064 

hX~ 1'-11 ~-RAJ 32 M T3 2713 19.73 0.068 0.955 0.066 0.958 0.958 0.066 

MG P-115-RAJ 32 M T4 36.17 26 73 0.051 0.932 0.051 0.932 0.932 0.051 

6X-l P-115-RAJ 32 M Ll 17.19 1833 0.047 0.951 0.045 0.954 0.954 0.045 

6X5 P-115-RAJ 32 M L2 22.67 24.56 0.051 0.970 0.050 0.971 0.971 0.050 

M\6 P-115-Rl'\J 
,, _,_ M L3 15.54 28.38 0.052 0.987 0.051 0.988 0.988 0.051 

' 

6R7 P-116-SUP 5-l M Ill 21.91 26.09 0.045 0.993 0.044 0.993 0.993 0.0-1~ 

osx P-116-SUI' 54 M U1 637 6.49 0.032 0.960 0.031 0.961 0.961 0.031 

"'9 P-116-SUP 54 M U3 4.97 5.35 0.020 0.953 0.020 0.953 0.953 0.020 

090 P-116-SUP 54 M T1 407 5.09 0025 0.944 0.026 0.943 0.944 0.025 

691 P-llh-SUP 54 M T2 4.07 2.93 0.024 0.914 0.023 0.917 0.917 0.023 

69~ P-116-SUP 54 M T3 5.35 6.24 0.034 0.928 0.034 0.928 0.928 0.034 

693" P-116-SUP 54 M Ll 28.91 16.29 0.029 0.989 0.028 0.989 0.989 0.028 

69~ P-116-SUP 54 M L2 33.11 15.53 0.035 0.993 0.037 0.992 0.993 0.035 

695 P-117-ROS 45 M Ul 4.46 4.45 0.022 0.935 0.022 0.935 0.935 0.022 

696 P-117-ROS 45 M T1 12.74 15.27 0.050 0.921 0.040 0.947 0.947 0.040 

6'-n P-117-ROS 45 M T2 10.06 10.82 0.053 0.916 0.053 0.918 0.918 0.053 

69R P-117-ROS 4'i M Ll 19.87 12.35 0.050 0.974 0.048 0.975 0.975 0.048 

691.) P-1 17-ROS 45 M L2 4.97 5.60 0.031 0.952 0.031 0.952 0.952 0.031 

700 P-117-ROS 45 M L3 13.88 11.71 0.066 0.930 0.065 0.931 0.931 0.065 
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:'\o f'atknt .. \ge CJI:ndcr Reg1on 
\\'idth H.:ight Sa,2 Ri 5a.3 R' R}mal 

5/ma/ 
(mml (mm) (mml (mm) ' (J11111) 

701 P-118-RAJ 47 ~I 1'1 8.92 15.91 0 046 0.915 0.0-B 0.9~6 0.9~6 0.0-D 

70::: P-118-RAJ 47 ~I U3 6_75 7_38 0.033 0.943 0.033 0.945 0.9--1-.:- 0.033 

703 1'-1 I X-R.-'\J ~7 ~I r.:; 7_90 8.65 0.060 0.9--1-1 0.062 (1_953 0 9:'3 0 062 

7(1-1 P-118-RA.J 47 M LIB 33.88 12.85 0.052 0.972 0.049 0.973 0.973 0.0-19 

7()5 P-118-RA.I 47 M L2C 15.67 27.49 0.05-1 0 972 0.051 0.973 0.973 () 051 

706 P-1 18-RAJ 47 M Ua 8.02 10.56 0.054 0.956 0.056 0.953 0.9:'6 0.0:'-1 

707 P-119-RAT 4< M ill 7.13 6.6~ 0.021 0.987 0.021 0.987 0.987 0.021 

70X P-1 19-RAT 4< M Ul 20.00 16.42 0.035 0.990 0034 0991 0.991 0.03-1 

7<» P-119-RAT -l'i ~I U2 13.63 I :'.53 0040 0 971 0.0-11 0.971 0.971 0.0-11 

710 P-119-RAT 45 M U-1 39.74 22.91 0.045 0 980 0.048 0978 0.980 0_0-15 

711 P-1 19-RAT 45 M Tl 25.47 16.42 0.040 0.960 0.044 0.976 0.976 0.044 

71::: 1'-119-RAT 45 M 12 1737 16.67 0.045 0.929 0.043 0 937 0.937 0043 

713 P-119-R:\ r 4< M T3 15.79 16.54 11.048 0.951 0 0~8 0_953 (_)_953 0.0--1-l-l 

7!-1 P-119-RAf -1-5 M Ll 38_:72 19.22 0.032 0.991 0.050 0 981 0_9<J I 0.03~ 

715 P-1 19-RAT 45 M L2 13.75 16 04 0.033 0.992 0.033 0_99~ 0.992. 0.0:13 

7i(J P-120-ROS 40 M Ul 7.26 6.11 0.034 0.942 0.034 0.943 0.943 0.034 

717 P-120-ROS 40 M ll2 5.22 5.60 0.029 0.949 0.028 0.950 0.950 0 02R 

71!': 1'-120-ROS 40 M U3 2.68 3.05 0018 0.959 0.018 0.958 0.959 0018 

719 P-120-ROS 40 M Tl 9.30 1107 0029 0.954 0029 0.956 0.956 0.029 

72.0 P·I20-ROS 40 M T2 7 64 4.20 0.026 0.964 0.024 0.969 0.969 0.024 

7:::! P·I20-ROS 40 M Ll 611 9.93 0.028 0.953 0.028 0.953 0.953 0.028 

722 P-120-R.OS 40 M L2 6.37 9.55 0029 0.957 0029 0.957 0.957 0.02Y 

P1 P-121-PAR 52 M Ul 16.43 17.31 0.065 0.933 0.063 0.936 0.936 0.06J 

72--f. P-121-PJ\R 52 M U2 20.38 19.09 0 046 0.985 0.044 0.986 0.986 0.0-1-4 

r2s P-121-PAR 52 M U3 15.67 19.22 0.037 0.939 0.037 0 940 0.940 0.037 

726 P-121-PAR 52 M Tl 12.74 1107 0.029 0.965 0.028 0.968 0.908 0.028 

T!.7 P-121-PAR 52 M T2 10.70 16.16 0.035 0.944 Oc033 0.948 0.948 0033 

728 P-121-PAR 52 M T3 12.23 15.40 0.022 0.958 0.024 0954 0.958 0.022 

7'29 P-121-PJ\R 52 M L2 19.36 18.71 0.028 0.947 0030 0.946 0.947 0_02X 

730 P-121-PAR 52 M L3 17.58 15.53 0.061 0.953 0.058 0.958 0.958 0.058 

731 P-121-PAR 52 M L4 25.35 24.56 0.026 0.965 0.032 0.992 0.992 0.032 

T' '· P-122-RIZ 38 M HI 12.86 12.98 0.027 0.996 0.026. 0.996 0.996 0.026 

733 P-122-RIZ 38 M Ul 10.19 8.78 0024 0980 0.024 0.981 0.981 0.024 

734 P-122-RJZ 38 M U2 9.81 8.91 0.054 0.947 0.053 0 948 0.948 0.053 

735 P-122-RJZ 38 M U3 5.99 8.15 0033 0.966 0.032 0.968 0.968 0.032 

736 P-122-RIZ 38 M Tl 20.76 14.89 0.049 0.968 0.049 0.967 0.968 0.049 

737 P-122-RIZ 38 M T2 18.60 10.95 0.039 0.914 0.046 0905 0.914 0 039 

7 38 P-1 22-RJZ 38 M T3 8.92 12.09 0.042 0.947 0.042 0.933 0.947 0.042 

739 P-122-RJZ 38 M Ll 1528 25.33 0.043 0.964 0.042 0.964 0.964 0.042 

740 P-122-RIZ 38 M L2 16.94 15.02 0.034 0.980 0.033 0 981 0.981 0.033 

741 P-122-RIZ 38 M L5 8.28 1145 0.030 0.964 0.030 0963 0.964 0 030 

7-1::: P- 123-NUR 23 r IJI 17 58 12.85 0.022 0.988 0.022 0.988 0.988 0.022 r-_J__-
743 P-123-NlJR 23 F U2B 7 13 8.91 0.051 0.970 0.050 0.971 0 971 0.050 

-
7~4 1'-Jn-NLIR 23 F T2 8.79 7.13 0 027 0 943 0_02S 0.947 0 947 0.025 
-- ·----- -~ ---· 
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' 
No Pati~.:nt Agl! Gender Region 

Width Height ' Sa.2 R' Sa.3 R' Rfmal 
Sf mal 

(mm) (mml (mm) ' (mml ' (mm) ' 745 P-1~3-N\JR 
,, 
--' F T3 6_37 5.2:! 0.028 0.92-1 0.026 0.933 0.933 0.026 

I-ll> 1'-1~3-\:l_!l{ 23 F Ll 28.78 19.98 0.030 0.990 0.035 0 988 0.990 0.030 

747 P-123-l\"l 1R :!.3 F L1 20.25 19.47 0.023 0.959 0.022 0.96-1 0.964 0.022 • 
748 P-123-NUR 

,, _, F L38 10.06 8.02 0.050 0.919 0.050 0.918 0.919 0.050 

749 P-1 2-1-SAN 38 \I HI 32.73 13.11 0.05-1 0.989 0.051 0.990 0.990 0.051 

7:'0 /'-12-1-SAN 38 r..t L'l 10.83 12.47 0.028 0.970 0027 0.97:! 0.972 0.027 • 
751 P-12-1-S.'\N 38 M Ll2 15.28 27.87 0.047 0.987 0.046 0.987 0.987 O.O.t6 

7-)'l 1'-12-l-SAN 38 M Ll3 13.75 13.36 0.034 0.968 0.033 0968 0.968 0.033 

7~J P-124-SAN 38 M Tl 17.07 25.07 0.058 0.959 0.057 0.958 0.959 0.058 

7:'~ P-12-1-S.-\' JK ~I T3 21 J.t 12.3-1 0083 0.93-1 0.082 0.936 0.936 0.082 

755 P-12-1-SA!\ 38 M L2 17.83 17.82 0.021 0.994 0.020 0.994 0.994 0.020 

75!'1 1'-12-t-S.-\:--' 38 ~I lA 33.37 26.60 0.032 0.996 0.044 0.990 0996 0.032 

7' 7 1'-125-Ul\1 71 M U2 16.94 14.13 0.034 0.962 0.035 0.962 0.962 0.03:5 

i 7:'X 1'-125-LI\1 71 ~1 U3 12.61 15.53 0.049 0.917 0.048 0 918 0.918 0.0-IS 

7;"4 P-125-1.1\1 71 ~1 Tl 23.69 14.76 0.0:55 0.9-11 0_0:54 0.9-12 0_942 0.054 

7hll P-12:'-LI\1 71 M L'! 16_9-1 23.16 0056 OQ77 0.0:'2 0.980 0.9SO 0.052 

761 P-125-LIM 71 M T3 14.01 20.11 0.033 0.96-1 0.033 0964 096-1 0.033 

762 P-125-1 .I tvl 71 M LIB 22.54 22.78 0.054 0.988 0.051 0.988 0988 0.051 

763 P-125-IJM 71 M 1.2 13.88 12.22 0.045 0.983 .0.044 0.983 0.983 0.044 

76-l- P-125-Ur-.1 71 M u 24_20 13.49 OOM 0.973 0.058 0.977 0.977 0.058 

I 7h;- .'-126-\\i\!\i 
,, 

~1 HI 5.35 7.6-1 0.025 0.967 0.015 0.967 0.967 0.025 __ , 

I 7h(1 '-126-\I,/AN 23 M Ul 4.46 4.96 0.020 0.970 0.020 0.971 0.971 0.020 

7(, 7 '-126-Wi\N " _, M U2 3.82 4.96 0.025 0.932 0.025 0.935 0.935 0.025 

7f.~ '-126-WAN 7' _, M UJ 3.18 2.80 0.020 0.948 0.020 0.948 0.948 0.020 

7(>4 '-1:!6-\\·AN 23 M Tl 5.99 9.04 0.014 0.979 0 015 0 962 0.979 0.014 

770 '-126-\\'AN 23 M T2 3.18 4.84 0.014 0.988 0014 0.988 0.988 0.014 

771 '-126-WAN 
,, 
--' M T3 3.82 3.69 0.018 0.936 0.018 0.936 0.936 0018 

772 '-126-WAN 23 M Ll 11.46 19.09 0.040 0.986 0.037 0.988 0.988 0.037 

773 '-126-WAN 23 M L2 13.50 16.04 0.039 0.977 0.038 0.979 0.979 0.038 

77-1 '-126-WAN 23 M LJB i'- 7.51 6.11 0.020 0932 0.020 0.929 0.932 0.020 

775 '-127-EMA 60 F Tl 9.81 5.47 0.023 0.955 0.022 0.958 0.958 0.022 

776 '-127-EMA 60 F T2 12.10 11.71 0.055 0.948 0.052 0.952 0.952 0.052 

_777 P-127-EMA 60 F T3 4.84 8.15 0.032 0.960 0 031 0.963 0.963 0.031 

'778 >-127-EMA 60 F Ll 12.74 17.95 0.048 0.967 0.047 0.969 0.969 0.047 

779 '-127-I:MA 60 F L2B 4.20 4.84 0.020 0.934 0.020 0.934 0.934 0.020 

·nw 1 -1 '!.7-I.:MA 60 F 1.3 5.35 12.98 0.049 0.971 0.049 0.970 0.971 0.049 

7XI P-128-SHI\ 41 M HI 9.93 10.82 0.026 0.986 0.024 0.988 0.988 0.024 

782 P-128-SHA 41 M Ul 10.83 15.15 0.033 0.982 0.036 0.981 0.982 0.033 

783 P-128-SI-IA 41 M Ll3 20.76 12.22 0.047 0.971 0.045 0.973 0.973 0.045 

?g-J. P-128-SHA 41 M T2 7.51 7.64 0.028 0.977 0.026 0.978 0.978 0.026 

785 P-128-SHA 41 M T3 10.32 9.67 0.051 0.946 0.052 0.944 0.946 0.051 

7R6 P-128~SHA 41 M T4 3744 28.76 0.103 0.971 0.111 0.986 0.986 0.111 

787 P-128-SHA 41 M Ll 20.50 16.93 0.038 0.992 0.039 0.992 0.992 0.039 

7SR P-128-SHA 41 M L2 18.60 13.62 0.059 0.987 0.047 0.992 0992 0 04 7 

174 

• 



i\o Pall!.'nl ·\g!.' Ci!.'nder IRq;ion 
\\ idth lkighl Sa 2 R' Sa.3 R' Rjm,,i Srmal 
(mm) (111m) (111m) ' (mm) ' (mm) 

7SY P-128-S/ 1:\ 41 ;\I L3 1-t ~~ 11.07 0.027 0979 0.027 0.979 0.979 0.027 

790 P-128-SH..\ 41 ~I L4 3668 29.15 0.042 0994 0.077 0.972 0.994 0.0~2 

'"I 1'-74-1_,,-] 50 " HI 4_075 3.691 0.021 0936 0_021 0.935 0.93(1 0.021 

792 P-7-t-LA T 50 ~I Ul 12.864 20491 0.095 0.958 0.101 0.955 0.958 0.095 

793 P-74-LAT 50 ~I U2 3.3 II 3.437 0.028 0.931 0028 0.931 0.931 0.028 

794 P-74-LA l 50 M U3 9552 12.345 0.045 0.948 0.04 I· 0.955 0.955 0.041 

795 P-74-LAf 50 ~I Tl 4.203 4.963 0.035 0.929 0.035 0.928 0.929 O.OJS 

7<.)6 P-74-L,\T 50 M T2 4.203 5.855 0.027 0.912 0.026 0.917 0.917 0.(!2(, 

797 P-74-L.Xr 50 " T3 I L717 11.582 0.044 0.962 O.O-t.2 0.965 0.965 0.0-12 

7</R P-7-1-L\ l 50 ~I Ll 12.226 15.654 0.063 0.950 0.057 0.957 0.957 0.057 

799 P-74-LA r 50 M 1.2 16811 14.890 0.057 0 967 0.057 0.966 0.967 0.057 

XI~ I P-7-H_.-\T 50 ~I L3 15.156 16."672 0.069 fJ.953 0.066 0.956 0.956 0.066 

XIII 1'-75-P< );-.; 51 ~I Ill 3_8.21 3.309 0.016 0.947 0 019 0.924 0.947 0 016 

X02 P-75-PO\' :'il " l.'l 7.259 5.981 0037 {)_945 0.037 0.945 0.9-15 0.037 

XO.Y P-75-PON 51 M lJ2 10.189 11.327 0.056 0.979 0.054 0 980 0_980 0_05--l 

R0-1 P-75-PON 51 M UJ 9.170 6.109 0.045 0962 0 047 0.958 0.962 0.045 

805 P-75-POI\J 51 M T2 11.462 16.036 0036 0 977 0.034 0.979 0_979 0.03-1 

ROO P-75-J>ON 51 M Tl 11080 13490 0.039 0.947 0040 0_946 0.947 0 039 

R07 P-75-PON Sl M 1.1 21.142 12.599 0.023 0976 0.028 0.984 0.984 0.028 

ROR P-75-PON 5 I M L2 16684 16 163 0.087 0.917 0.091 0.911 0.917 0 087 

XO<I P-75-PON 51 M L3 12.354 ' 11.200 0.029 0.984 0.029. 0.985 0.9:--:5 0.029 

XH! P-76-M()II 47 M Ill 6.113 7.509 0 018 0.985 0018 0 986 0 986 O.OIR 

811 P-76-.MOH 47 M lll 17.194 15.654 0.032 0.963 0.033 0.962 O.Q6J OW2 

X12 P-76-MOII 47 M l12 15.028 12.091 0.029 0.972 0.030 0.971 0.972 0.029 

X13 P-76-MOH 47 M U3 7259 11.454 0.028 0.980 0.027 0.~81 0.981 0.027 

814 P-76-MOH 47 M Tl 21.524 19.599 0.033 0.975 0.030 0.978 O_Q78 O.OJO 

X15 P-76-r-..·IOH ., M T2 19.359 17 181 0.062 0.945 0.061 0948 0 948 0.061 

81(> P-76-M0/1 47 M T3 II 844 9 163 0.025 0.961 0.026 0.957 0.961 0.025 

X17 P-76-M0/1 47 M T4 I LOS! 8.654 0.049 0.975 0.048 0.975 0.975 0.048 

81X P-76-MOII 47 M Ll 10.316 7.382 0.031 0.987 0.031 0.986 0.987 O.OJI 

819 P-76-MOH 47 M L2 4202 7.509 0.030 0.967 0.029 0.969 0.969 0.029 

820 P-76-MOH 47 M L3 9.552 9 036 0.035 0.989 0.035 0.990 0.990 0.035 

821 P-77-AZJ 46 M HI 14.647 13 745 0.022 0.979 0.022 0.979 0.979 0.022 

822 P-77-AZI 46 M Tl 21269 28.254 0.040 0.937 0.045 0.928 0.937 0.040 

823 P-77-A/'1 46 M T4 20.123 18.327 0.037 0.994 0.036 0.994 0.994 0_036 

824 P-77-AZI 46 M L2 14.646' 13.363 0.051 0.977 0.052. 0.978 0.978 0.052 

82_') P-77-AZI 46 M L3 9.551 9.927 0.053 0.983 0.053 0.983 0983 0.053 

826 P-78-NUR 25 F HI 30.948 10055 0.039 0.984 oms 0.987 0.987 0.038 

827 P-78-NUR 25 F Ul 19.996 20 108 0.058 0.984 0.059 0.983 0.984 0.058 

828 P-78-NUR 25 F U2 19.358 28.890 0.055 0.958 0.057 0.952 0.958 0_055 

829 P-78-NUR 25 F U3 16.684 15.273 0.036 0.996 0.035 0.996 0.996 0.035 

830 P-7S-NlJR 25 F Tl 18.085 10.563 0 076 0 980 0.075 0 980 0980 0_07::-
-

831 P-?R-Nt!R. 25 F T2 16.557 29272 0.050 0.932 0.049 0.933 0.933 0.049 
-

XJ2 P-n-NUR 25 F n 14137 21.891 0.073 0 92) 0_07.1 0.925 0 925 0 073 
~··- - - L -- -- '---- --'--- ~-' ---
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I 

No Patient Age Gender Region 
Width Heighr Sa.2 Rj_ Sa.3 Rj RJuwJ 

s,lnal 

(mm) (mm) (mm) (mm) tmml I 
X33 1'-7X-~ LiR 2:=; I L~ 17.958 20.490 0.055 0.965 0.06~ 0.957 0.965 0.055 

g_-;-t P-7X-\; l'R 25 I L3 12.-lS\ 11.327 0066 0.967 0.06-1 0.969 0.909 0.06-l. 

1n.:; P-79-AZr-.1 27 M HI 4.967 4.964 0.036 0.9-1.5 0.036 0.944 0.94' 0.036 

8.30 P-79-/\/]\f 27 M Ul 20887 20.999 0.041 0.971 0.044 0.978 0.978 0.044 

837 P-79-AZl\1 27 ~I U2 10.953 14.254 0.048 0.928 0.047 0.933 0.933 0.047 

83X P-7Q-AZI\1 17. ~I U3 [ 1.462 11.072 0.034 0.979 0033 0.980 0.980 0.033 

S:N l'-7li-,\ZM 27 M Tl 11.972: 11.581 0.047 0.950 0.046 0.951 0.951 0.0..1.6 

X40 P-79-AZM 27 M T2 I 3.245 17.436 0.057 0.930 0.057 0.928 0.930 0.057 

R41 P-79-ADvt 27 M T3 13.119 11.327 0.049 0.967 0.047 0.969 0.969 0.047 

, S-C 1'-"9-.\Z\1 '27 \1 Ll 9.170 9.927 0.027 0.965 0.027 0.968 0.968 0.027 

X-13 1'-79-..\./t>.l 
,, _, \I L2 7.514 9.800 0.036 0.944 0.035 0.96-1 0.90-l O.OJ5 

-x .. u P-79-AZM 27 M 13 19.613 9.291 0.045 0966 O.o46 0 96-1 0.966 0.045 

.S-t5 P-.'~0-SIN 78 M Ul 14.392 12.855 0064 0.952 0071 0.949 0.952 O.O(H 

x .. l(, JqW-SI~ 78 M Tl 22.670 22.018 0.057 0974 0.059 0.971 0.974 n.057 

I X47 P-:m-stN 7R ~I n 2-t580 22.908 0.05-l 0.970 0.061 0.957 0.970 0.05-t. 

1\..JK 1'-81-SII 57 tv1 Ill 8.151 7.127 0.032 0.941 0.031 0 944 0944 0.031 

X-19 P-8 1-SEI, 57 M Ul 10.953 13.872 0.048 0.954 0.048 0.948 0.954 0.048 

S.'i(J P-81-SEL 57 M U3 5.477 5.855 0.028 0.934 0.028 0.933 0.934 0.028 

R.'il P-81-SU 57 M Tl 10.826 7.891 0.046 0.950 0.044 0.955 0.955 0.044 

115::! P-8 1-SEL 57 M T2 26.745 8.909 0.051 0.988 0.050 0.988 0988 0.050 

.'<:".; 1'-81-SLL 57 M IJ 13.755 14.000 0040 0.964 0.041 o 9;1 o.9M· 0.040 

;\:'-i 1'-RI-~IL 57 ~I Ll 22.101 17.1&2 0.05/ 0'179 0.055 0.980 0.980 0.055 

S.'i5 P-S l-SI -:L 57 M L2 28.783 16.927 0.066 0961 0.072 0.953 0.961 0.066 

,1\_<i(l P-81-Sf-"1. 57 ~I Ll 20.377 28.508 0.059 0.987 0.063 0.986 0.987 0.059 

X 57 P-82-I\1AII 51 M Ul 6.495 8.145 0.036 0.940 0.036 0.940 0.940 0.036 
1--

N:'N P-h'2-f\·IAII 51 M lJ2 8.533 13.872 0.038 0.966 0.038 0.967 0.967 0.038 

XS•1 P-82-1\.1.'\11 51 M U3 6.750 3.054 0.023 0.947 0.023 0.947 0.947 0.023 

8{--.(_l P-82-MAII 51 M Tl 12.609 12.091 0.050 0.961 0.050 0.960 0.961 0.050 

8()\ P-82-M.'\H 51 M T2 6.878 8.527 0.036 0.956 0.036 0.956 0.956 0.036 

X(·2· P-82-M.'\H 51 M T3 16.939 I 3.363 o o.l<. 0.975 0.039 0.966 0.975 0.032 

R6J P-82-MAII 51 M Ll 12.226 11.582 0.025 0.995 0.027 0.993 0.995 0.025 

S6-l P-82-MAII 51 M L2 4.967 5.345 0.021 0.911 0.021 0.911 0.911 0.021 

X65 P-82-1\.1/\1-1 51 M Ll 5.732 7.000 0.040 0.937 0.039 0.943 0.943 0.039 

X66 P-83-SIIA 34 M HI 4.967 4.073 0031 0.966 0.031 0.966 0.966 0.031 

Sh1 P-&3-SI-/A 34 M Ul 17.067 7.891 0.039 0971 0.043 0.966 0.971 0.039 

RAX P-~3-SI1A 34 M U2 I 1.335 22.908 0.052 0.965 0.049 0.957 0.965 0.052 

X69 P-83-SIIA 34 M U3 7.896 8.654 0.057 0.912 0.065 0.905 0.912 0.057 

R70 P-83-SI-IA 34 M Tl 14.647 26.090 0.051 0.978 0.056 0.973 0.978 0.051 

X71 P-R3-SHA 34 M T2 33.114 16.799 0.073 0.978 0.072 0.979 0.979 0.072 

. X7~ P-83-SHA 34 M TJ 29 038 13.745 0.070 0.956 0.069 0.958 0.958 0.069 

373 P-83-SI-IA 34 M Ll 14.902 25.072 0.059 0.966 0.061 0.964 0.966 0.059 

X74 P-83-SHA 34 M L2 30 948 17.181 0.064 0.990 0.066 0.988 0.990 0.064 

R75 P-&3-SIIA 34 M Ll 16.684 24.690 0.085 0.938 0.085 0.941 0.941 0.085 

876 P-84-NOO 49 F HI 18.977 15.527 0.040 0.962 0.042 0.958 0.962 0040 
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I 1'\o Patient Age (lender Region 
\\'idth lkight Sa,2 R2 Sa.3 Ri R/rn"l 

s, Hia/ 

~mml (mml tmml ' (rnm) (mm) 

877 P-8~-NOO ~9 F l' I 8.91:' 20.745 0.056 0.942 0.055 0 9~1 0.942 (1_(156 

.'>78 P-84-NOO 49 F U2 I 5.283 20.-J.91 0 088 0.982 0 087 0.982 0.982 0 087 

S79 P-R-1-NCX) ~9 F Tl 10.316 I 18..-1-5-1. 0.061 0.905 0 058 0 913 0.913 0 ():'8 

SRO P-8-f.-NOO ~9 F n 24.071 14.126 0 072 0.921 0.075 0.913 () 921 0.072 

S81 P-S..J-NOO 49 F Ll J-f..519 19.981 0.032 0.988 0037 0.98h 0.988 0.032 

RIC P-84-NOO 49 F L! 17449 17.817 0.061 0.913 0.059 0 916 0.916 0.059 

8~3 P-84-NOO 49 F L3 23.689 16.672 0.058 0.979 0 072 0.972 0.97Y 0.058 

88-1 P-8'-CIIE 61 M LJI 11_335 7.127 0.020 0970 0.026 0 968 0.970 0.026 

885 P-8'-CHL 61 M L_:2 7.514 12.218 0048 0.926 0.049 0.922 0 926 0.048 

886 P-1-:5-CIIE 61 ~I l'3 13 245 I 7.()54 0.071 0.9-tS 0.067 0.'149 0.949 (l 067 

887 P-1'L'i-CflE 61 M Tl 10.699 13.236 0.0-U 0.960 0.0-f.J 0.960 0.960 0.043 

8R8 P-85-CHE 61 M T2 1n74 12.981 0.0~0 0.92-l 0.041 0.923 0.924 0.040 

SIN P-85-( "IlL 61 ,\1 T3 16.6S4 15.521 0.068 0.933 0068 0.958 0.958 0.06S 

F:90 P-8'-CIII• 61 'I n 30.439 27.999 () 093 0.931 0.091 0.933 0/}33 0 ()()] 

X!.}! P-8.:1-CI!E (,I ~1 II 16684 13.618 0.038 0.957 0038 0.958 0.9)~ 0.038 

sn P-85-CIIE 61 M L2 9.552 23.672 0 060 0 979 0.060 0.979 0.979 0.060 

X9J 1'-86-AKI 47 F U2 2.674 3818 0.022 0 972 0.022 0.972 0.972 0.022 

IN-J P-86-AI\:1 47 F UJ 4 585 7.000 0.023 0.925 0.023 0.924 0.92) 0.023 

X95 P-86-t\KI 47 F Tl 5.349 7.636 0.037 0.934 0.036 0967 0 967 0.036 

R96 P-86-AKI 47 F T2 .:1.604 5.9&2 0.020 0.957 0020 0.958 0.9.:18 0.020 

8')7 P-86-AKI 47 F T3 4840 5.091 0.0-B 0.9.:17 0.042 0.9:'8 0.958 0.042 
--~ 

Sl);.; P-86-AKI 47 r 1.1 .'1.477 4.454 0.026 0.964 0.027 0.963 0.9(14 tl026 

SlN P-86-AKI 47 r L2 5.604 5.982 0046 0.931 0.046 0.933 0.933 0.046 

!.}00 P-80-AKI 47 F 13 5.986 7.763 0.026 0.924 0.026 0.920 0.924 0.026 

901 P-87-NOR 33 F 111 8.024 6.363 0.029 0932 0.030 0.920 0.932 0.029 

902 P-87-NOR 33 F til 18340 14.508 0050 0.953 0049 0.954 0.954 0.049 

90:; P-87-NOR 33 F LJ2 11.972 12.091 0.054 0.995 0.054 0.996 0.996 0.054 

')()4 P-87-NOR 33 F II 19.359 16.418 0.054 0.933 0.053 0.935 0.935 0.053 

905 P-87-NC1R 33 
' 

F Ll 16.303 14636 0.036 0.972 0.035 0.973 0973 0.03) 

')06 P-87-NOR 33 F L3 11.972 9 163 0.045 0.948 0.034 0.937 0.948 0.045 

907 P-88-S.I\ V.1 57 M HI 12227 13.364 0.040 0.962 0.036 0.958 0.962 0.040 

908 P-88-SAW 57 M lll 9.552 5.727 0.024 0.971 0.023 0.973 0:973 0.023 

909 P-88-SA W )7 M U2 6622 5.091 0.028 0.976 0.028 0.976 0.976 0.028 

910 P-88-SAW 57 M Tl 9.042 13.872 0041 0.923 0.041 0.925 0.925 0.041 

911 P-88-SA W 57 M T2 11972 5.346 0.042 0.929 0.040 0.934 0.934 0.040 

912 P-88-SA W 57 M T3 10.316 7.891 0.046 0.935 0.043 0.943 0.943 0.043 

913 P-88-SA v,: 57 M T4 11717 12.600 0.054 0 936 0.057 0.924 0.936 0.054 

914 P-88-SAW 57 M Ll 10.062 I 0.309 0.035 0.960 0034 0.962 0.962 0.034 

915 P-88-SA \\' 57 M L2 7.387 8.018 0.042 0.945 0.039 0.950 0.950 0.039 

916 P-89-GAK 48 M HI 3 439 4 072 0.020 0.966 0020 0.966 0.966 0.020 

917 P-89-BAK 48 M lll 13500 10.945 0.070 0950 0 066 0.956 0.956 0.066 

')i g P-89-H,\K 48 M l.i2 10 953 12 981 0.060 0.957 0 060 0.957 0.957 0.060 
f- -- -~ --

919 P-89-f3AK 48 M UJ 26491 14.764 0.086 0.944 0.075 0.954 0.954 0.075 

'1.20 P-89-[·L\K 48 M T2 21 524 I 1.45S 0 080 0.964 () 084 0.960 0.964 0 080 
-~ - -- ·-·· - --~---L-- - ~ ---··-
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:...in Patient ·\g~ (icnder Rcgi0n 
Width Height Sa.z Rj Sa,3 

R~ Rjinal 
Srwal 

jnun) (mm) (rnm) (mml (mml t 
Y2! P-89-BAI..:: ~X ~I T3 9..t2-l. 20.108 0048 0.973 00~8 0.97~ 0.97~ 0 0~8 

922 P-S9-BAI..:: ~X \I n 6.877 9.545 0046 0.9~6 ONI 0.956 0.956 00~1 

9,2; P-X9-BAJ-\. ~X M TO 31.8-lO 26.090 0.070 0.948 0.073 0.9-1.2 0.9~8 0.070 

92-1 P-R9-BAK ~8 ~I L1 16.175 16.036 0.0~2 0.981 0.037 0.985 0.985 0.037 

9~5 P-89-BAK ~s M L2 21.906 17.436 0.063 0.964 0.062 0.965 0.965 0.062 

926 P-89-BAK 48 ~I L3 9.93~ 9.036 0.037 0.946 0.035 0.950 0.950 0.035 

927 P-90-iv10! I 51 M Ul 8.405 5A73 0.026 0.920 0.026 0.920 0920 0.026 

921\ P-90-MOII 51 M U3 4.712 4.709 0.021 0.948 0.020 0.954 0.954 0.020 

929 P-90-~1011 51 M Tl 4.96& 5.473 0.038 0.926 0.025 0.955 0.955 0.02:\ 

9.'•1 ·P-90-\1011 'I ~I T2 6.4% 7.127 u.025 0.960 0.025 0.932 0.960 O.H25 

lJ31 P-90-tv1011 51 M rJ 2.929 3.436 0.020 0.935 0.021 0.935 0.935 0.021 

(j3~ P-lJO-o\ 1011 51 . l'l n 11.844 15.527 0.032 0.9~0 0.031 0.941 0941 0.031 

<)_:;_-, P-lJ0-~1011 51 M L2 4.076 -1..582 0.031 0.939 0.029 0.947 0 947 O.fl29 

').~-! P-<.J I-:\ fOil ~8 ~I Ill 8.915 ltU09 0.024 0.951 0.025 0946 0.951 0.02-1. 

9.'5 P-91-\ fOil 28 ~I li I 12.481 13.363 O.O-l2 0.966 0.041 0.966 0.966 0.041 

<JY6 1'-lH -\1011 2R ~· 
Ll2 23.9.W 18.073 0068 0.962 0.067 0.962 0.962 0.007 

937 P-91-MOII 28 M U3 9.807 9.927 0.042 0.956 0.041 0.958 0.958 0.041 

'J3X P-91-MOII 28 M Tl 26.618 10.945 0.072 0970 0.068 0.973 0.973 0.068 

939 P-91-MOI·I 28 M T2 23.052 13 108 0.071 0.930 0071 0.932 0.932 0.071 

c)..j() P-91-1'..1011 28 M T3 17.066 12.854 0.066 0.920 0.065 0.921 0.921 0.065 

ll..j.l P-.(}!-i\101~ 28 ~I T4 9.170 7.764 0.028 0.939 0.028 0.939 0.939 0.028 

0.909-
--~ 

9-L2 P-91-MOil 28 M T.:O 28.656 26.090 0.116 0.909 0.132 0.789 0 116 

l) .. f"' P-91-MOII 28 M T6 25.727 25.326 0.085 0.933 0.076 0.931 0.933 0.085 

'1-l-t 1'-91-1\.1011 2R M 1.1 18.468 18.454 0.071 0.978 0.069 0.980 0.980 0.069 

9l"' 1'-Q[-t\1011 28 M L2 17.321 18.072 0.059 0.956 0.059 0.957 0.957 0.059 

<} • .l(, P-91-MO/l 28 M L3 23.307 13.36J 0.056 0.951 0.05-t 0.956 0.956 0.05-1. 

9-17 P-92-ASO 55 M Ill 9.D43 12.854 0.029 0.927 0.030 0.926 0 927 0.029 

9-IR P-92-ASO 55 M Ul 17.703 IIJ99 0.049 0.983 0.049 0.982 0.983 0.049 

4.9 P-92-ASO 55 M Ll2 11.335 7.382 0.026 0.953 0.025 0.~55 0.955 0.025 

l/_-'i(l 1'-92-ASO 55 M U3 7.133 8.655 0.028 0 959 0.029 0.95&. 0.959 0.028 

951 P-92-ASO 55 M Tl 6.750 13 873 0.046 0.962 0041 0.967 0967 0.041 

9.:\::! P-92-ASO 55 M T2 4.585 5.473 0.024 0.929 0.024 0.930 0.930 0.024 

<.)53 P-92-ASO 55 M Ll 12.609 12.855 0.050 0.977 0.048 0.977 0.977 0.048 

'}5-1 1'-92..-ASO 55 M .L2 9.934 13.872 0.032 0.982 0.030 0.983 0.983 0.030 

'i:'5 P-92-ASO 55 M L3 19.995 14.127 0.057 0.959 0.055 0.962 0.962 0.055 

45(, P-43-CHF 40 M Ill 17.321 18 708 0.080 0.939 0.085 0.947 0.947 0.085 

957 P-93-CIIE 40 M Ul 10.062 11.327 0.036 0.949 0035 0.938 0.949 0.036 

'i5R P-93-CHL 40 M U2 8.916 8.781 '0.037 0.981 0.033 0.986 0.986 0.033 

YW P-93-CHf-: 40 M U3 12.991 11.200 0.028 0.967 0029 0.966 0.967 0.028 

'J60 P-93-CIIE 40 ~vi Tl 23.052 14.000 0.063 0.969 0.063 0.970 0.970 0.063 

961 P-93-CHE 40 M T2 17.958 9.673 0.040 0.928 0037 0.925 0.928 0.040 

'}6~ P-93-CHE 40 M T3 20.632 9.927 0.060 0.917 0.059 0.919 0.919 0.059 

Y6J P-93-CHE 40 M T4 21.524 18.581 0.055 0.967 0.054 0.969 0.969 0.054 

9t1-l. P-93-CHE 40 M T5 32.222 25.199 0.051 0.969 0.058 0.970 0.970 0.058 
..• 
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1'\o Patll'nt Ago: Gender RcgiPn 
\\"idth Height 5<1,2 R' 5a.3 R' R}mal 

Srmal 
(nun) {mm) (mm) ' (mm) 

; 
(111111) 

yr,:; /'-93-CilE 40 M Ll 15.028 17.308 0.033 0.986 0.032 0.986 0.986 0.032 

':166 P-93-CIII 40 '' u 16.8!2 I I. 96-1 0.062 0 949 0060 0.951 0.951 0 060 

'1(1 7 P-S/4-l 'V.-\ 22 '' Ill 5.477 5.345 0.013 0.965 (1.()[ 3 0.965 0.965 U.OlJ 

96S P-94-U\' A 22 ~~ L12 5.3-t9 6.873 0.02-t 0.928 0.023 0.930 0.930 0.023 

969 P-94-UV.'\ 22 M lJ3 8.279 5.600 0.019 0.971 00!9 0 973 0.973 0.019 

<)7(1 P-9-HJ\':\ 22 '' rl 6.750 5.218 0.025 0907 0.021 0.930 0 930 0.021 

971 P-94-UV.-\ n M T2 3.18-t 2.927 0027 0.919 0.027 0.919 0.919 0.027 

YT2 P-9-PJVA 22 M T3 6.113 4 709 0.021 0.945 0.021 0.946 0.946 0.021 

'-173 PN.I-1 1\'A " M n 7.005 4.327 0.015 0.968 0.016 0.966 0.968 ().()] 5 

974 P-94-l'\":\ 22 M L2 -U30 3.9-16 0.017 0.948 0.017 0 948 0.948 0.017 

975 P-9-HJVA 21 M L3 4.330 4 . ..J54 0.021 0.985 0.022 0.984 0.985 0.021 

976 P-129-.IEI. 43 F Ull 12.482 12.3-15 0.031 0969 0.029 0.973 0 973. 0.(J29 

977 P-12'-1-.IH 43 F Ul2 12.736 12.218 0.026 0.952 0.027 0.951 0.952 0 026 

97R P-129-JI-::1. 43 F L'3 13.373 12.855 0.061 0926 0.062 0.923 0.926 Cl.061 

Y7<J P-129-JEL -U F Ll 11.844 11.073 0.035 0.973 0 0~0 0.938 0.973 0.035 

9!!0 P-129-JEL 43 F L2 11.590 16.163 0.048 0.929 0.049 0.915 0.929 0.048 
-

9!!1 P-129-JEL 43 F L3 9.425 I 1.327 0041 0.879 0 038 0.905 0.905 0.038 

YX~ P-129-.fU. 43 F 1.32 9 934 10308 0041 0.964 0 041 0.96-t 0.96-t 0.041 

')XJ P-129-JEI. 43 F L33 9 297 11.58 I 0.051 0.964 0.051 0.963 0.964 0.051 
~-

9R4 P-130-VIV o7 F Ul 3.311 3818 0.0:'1 0.920 0.0:'1 0.919 0.920 0.051 

98.~ P-1 30-YJV <>7 F U2 1.656 2.545 0.020 0.935 0.019 0.936 0.936 0.019 

9X(l P-130-VIV (17 I· UJ 2JW2 2.546 o.OilJ 0.932 0.020 0.934 ().I.JJ-t OJJ20 

YX7 P-130-VIV 67 F T2 12.736 10.9.:15 0.054 0 766 0.042 0.900 0.900 0.0-12 

9XX P-130-VI\' 67 F T3 21.651 12.982 0 070 0.931 0068 0.936 0.936 0.068 

9<9 P-130-VIV 67 I· LIA 5.476 4709 0.029 0.922 0.029 0.922 0.922 0.029 

99<) P-IJO-VIV 67 F L2 3.821 4.073 0.017 0.916 0.017 0.915 0.916 0.017 

l)lJ] P-130-VIV 67 F L3 3.948 5.218 0.028 0.96-1 0.027 0.965 0.965 0.027 

9<.12 P-131-Srl 58 F II 8278 12.218 0.042 0.950 0.041 0.952 0.952 0.041 

993 P-131-SII 58 F Ul ,_8024 12.854 0.043 0.962 0.043 0.963 0.963 0.043 

994 P-131-SIT 58 F U2 15.920 23.544 0.041 0.966 0.040 0.969 0.969 0.040 

995 P-131-SIT 58 F U3 8.406 I 0.436 0.027 0.926 0.028 0.924 0.926 0 027 

996 P-131-SIT 58 F Tl I 1.717 10.054 0.041 0.939 0.039 0945 0.945 0.039 

997 P-131-SIT 58 F T2 12.481 13.745 0.036 0.944 0.034 0.948 0 948 0 034 

998 P-131-SIT 58 F T3 10.188 12.218 0.037 0.922 0.049 0.913 0.922 0.037 

999 P-1 3 I-SIT 58 F Ll 14.6-16 16.036 0.041 0.921 0 041 0.921 0.921 0.041 

1000 P-131-S!T 58 F L2 8.915 12.345 0.046 0.910 0.046 0.911 0911 0.046 

1001 P-!31-SIT 58 F L3 9.679 I 0.436 0042 0 960 0.042 0960 0.960 0.042 

1002 P-I 32-0NCi 50 M U2 4.458 7.254 0.025 0.928 0 025 0.930 0.930 0.025 

1003 P-132-0NG 50 M U3 5.221 5.472 0.028 0.9~7 0.028 0.947 0.947 0.028 

1004 P-132-0NG 50 M Tl 6.495 9.036 0.036 0.954 0.035 0.955 0.955 0.035 

!005 P-132-0NG 50 M T2 6 114 5.727 0.032 0 934 0.032 0.947 0 947 0 032 

1006 P-1.12-0NCi )(} M TJ 6.241 5 346 0 030 0 937 0.020 0.938 0 938 0.029 

1007 P-132-0NG :'10 M L2 5.222 4.963 0.023 0926 ()()1] 0.927 0.927 0.023 

I nog I >-132-()NCi .50 M L3 5.73! 6.237 0 019 0.95R () 019 0 959 0.959 0.019 
--- -- --- _L_ ----- ··--- ··-----~ 
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Patient Age Gender Region 

1009 P-133-SUB 49 M Ul 

\1 l '2 

lUll P-133-SliH 49 ~1 C3 

1t112 P-133-SUR 49 ~1 U4 

1013 P-133-SlJB 49 ~1 Tl 

1014 P-133-SUB 49 ~1 T2 

1015 P-133-SlJB 49 f\1 T3 

M 1.1 

1017 P-133-SUR 49 M L2 

\1 L3 

1019 P-_134-JOH 62 r..t Ul 

I 020 P-134-JOII 62 M lJ2 

I n2 I P- LH-.1011 62 rvt ll3 

I 0::'::' P-134-JOII 62 ~1 T1 

111..,:; P-I 34-JOII 62 

tO::'.t P-134-.101-1 61 M n 
I 0.25 P-134-JOII 62 M Ll 

l 0~6 P~ 134-JOH 62 M L2 

l rc7 P-134-JOII 62_ M L3 

102X P-IJ5-RliS -1-4 M ll 

HP9 P-135-RUS 4-t M ll2 

~1 U3 

I o_:: I P-135-Rl !S -H M T2 

M T3 

Jtrn I'-IJ5-RliS -1--1 M· L3 

M lll 

I!!~"' 1'-136-SAI 51 M U3 

I n_>6 P-136-SAI 51 M T1 

11137 P-136-SAI 51 M Til 

M T2 

lOW 1'-136-SAI 51 M T3 

1040 P-136-SAI 51 M L2 

10-tl P-136-SAI 51 M L3 

10-t2 P-137-KRI 57 M Ul 

10-tJ P-137-KRI 57 M Ul 

U3 

1045 P-137.-KRI 57 M Tl 

IO..J.6 P-137-KRI 57 M T3 

IO..J.7 P-137-KRI 57 M Ll 

IO..J.8 P-137-KRI 57 M Ll 
10..J.9 P-137-KRI 57 M L3 

I nso P-138-RAH 44 M Ul 

I 051 P-138-BAH 44 M U2 

1052 P-1 38-BAH 44 M U3 

\\"idth 
(mm) 

Height 
(nun) 

Sa.2 
(mm) 

1-U91 21.763 0.043 

21.906 9.164 0080 

16.047 15.017 0.073 

3-t.515 27.745 0.167 

20.251 25.199 0.079 

27.510 11.327 0.053 

15.283 11.200 0.034 

30.949 15.018 0.128 

2!_523 14.382 0.045 

19.358 13.363 0.050 

11.717 22.526 0.052 

13.118 1&.036 0.044 

13.755 -16.799 0.048 

12.!00 1-U&I 0.036 

5.858 5.855 0.025 

4.839 6.109 0_029 

19.868 18.073 0.122 

11.335 14.127 0.029 

20.505 16.672 0.032 

11.081 7.000 0.024 

5.604 5.982 0.022 

6.877 9.291 0.033 

9.042 10.563 0.038 

12.226 12.982 0.044 

7.132 5.855 0.055 

11.335 13.109 0.063 

13.500 18.582 0_073 

21.015 6.109 0.154 

25.090 10.818 0.146 

I 0.953 16.036 0.036 

29038 17.182 0.078 

16.939 27.872 0.168 

12099 15.400 0.112 

8.915 I 0.436 0.036 

17.321 9.672' . 0.057 

19.996 18.327 <!.058 

9.425 23.800 0.042 

15410 11.%3 0.076 

26.236 14.635 0.036 

25.472 9.418 0027 

17.958 18.454 0.046 

18.722 14.891 0.060 

20.377 15.654 0.072 

15.920 13 872 '0.072 

180 
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Sa,3 
(mml 

0.990 0.049 

0.994 0.085 

0.9:59 0.075 

0.955 0.160 

0.949 0.083 

0.990 0.055 

0.950 0.034 

0.943 0.111 

0.921 0.046 

0.911 O.OfH 

Q.986 0.045 

0.968 0.042 

0.976 0.046 

0.925 0.036 

0.910 0.(125 

0.928 0.029 

0.952 0.114 

0.988 0.031 

0.994 0.031 

0.973 0 022 

0.923 0.022 

0.967 0.033 

0.945 0.038 

0.925 0.040 

0.920 0.055 

0.708 0.044 

0.934 0.071 

0916 0.134 

0.939 0.145 

0.972 0.032 

0.981 0.074 

0.955 0.161 

0 904 0.094 

0.948 ·o.o36 

o 928 ·o.o6t 

0 984 0.064 

0.977 0.040 

0.932 0.071 

0.993 0.043 

0 QQJ 0.033 

0.992 0.049 

0.957 0.063 

0.980 0.076 

0.959 0.065 

0988 

0.993 

0.958 

0.958 

0940 

0.989 

0.946 

0.956 

0.917 

0.855 

0.989 

0970 

0.977 

0.911 

0.929 

0.958 

0.986 

0.994 

0.976 

0.924 

0947 

0 933 

0.920 

0.911 

0.940 

0.932 

0.939 

0.978 

0.983 

0.957 

0.930 

0.949 

0.923 

0.979 

0.979 

0.928 

0.991 

0.992 

0.990 

0.955 

0.978 

0.969 

0.990 

0.994 

0.959 

0.958 

0.949 

0.990 

0.950 

0.956 

0.921 

0.911 

0.989 

0970 

0.977 

0.92:i 

0.911 

0_929 

0.958 

0988 

0.994 

0.976 

0.924 

0.947 

0.933 

0.9::?.0 

0.911 

0.932 

0.939 

0978 

0.983 

0.957 

0.930 

0.949 

0.928 

0.984 

0.979 

0.932 

0.993 

0.994 

0.992 

0.957 

0.980 

0.969 

Srmal 
(111111) 

0_0-t3 

o.uso 

0.073 

0.160 

0.079 

0.053 

0.034 

0.111 

0.045 

0.050 

0.045 

0.046 

0.036 

0.025 

0.029 

0.114 

0.029 

0031 

0.022 

0.022 

0.033 

0.038 

0.040 

0.055 

0.044 

0.071 

0.134 

0.145 

0.032 

0.074 

0.161 

0.094 

0.036 

0.057 

O.O:i8 

0.040 

0.076 

0.036 

0.027 

0.046 

0.060 

0.072 

0.065 



,-----
Width Height Sa_2 5"' S{uw.l 

'\o Patient Agt Gender Region Ri Rg R/nwl (mm) (mm) (mm) tmml (llHTl) 

I( I)] P-13N-IL\I{ •• ·" Tl 37.189 1~.727 0078 0 960 0.075 0_963 0.963 (HJ7:' 

105-1 P-138-BAII •• r>.l T2 to••• 13...!91 0.056 0.92..J- 0.053 0.933 0.933 ()_053 

I())) l'-138-GAI{ •• " T3 I :'.793 28_126 0.066 0.973 0066 0.972 0.973 (J 066 

1056 P-138-BAH •• " Ll 1 •. 391 ' 29.272 0.070 0.989 0.078' 0.986 0.989 0 (17() 

1 ()_~7 P-138-BAll H M L2 1H01 14_127 0.086 0.934 0.085 0.937 0.437 tl085 

1058 P-138-BAH •• M u t• 010 16.800 0.071 0.976 0.069 0.978 0978 0.069 

lU5(} P-139-SAR 27 F Ul 14.264 11.454 0.031 0 987 0.031 0987 0.987 0.031 

1060 f'-139-SAR 27 F U2 7.133 8.528 0.025 0.987 0.025 0.986 0.987 0 025 

)I}(>( P-139-SAR )7 F L'J 2LN7 12.3-tS (LOS! 0.99. 0.051 0_995 0_1.)45 () 051 

](}(1]. P-139-S..\R 27 F li32 12.863 10.182 0.0.9 0.989 0.0.9 0988 0 984 O_IJ-19 

+1163 P-139-SAR 27 F Tl 11.972 11708 0.024 0.947 0.023 0.953 0.953 0.023 

lll64 P-139-SAR 27 F T3 5.477 5.345 0.017 0.981 0.017 0.981 0.981 0 017 

!06.~ P-139-SAR " F Ll I-L~6-t I 0 -t36 o_on 0.958 0_011 0.959 QQ<;Q 0.021 

Jr'h6 P-139-SAR 27 I' L2 18_722 16.673 0.052 0.962 0.050 0_963 0_963 0.050 

f1167 1'-139-SAR 27 r L3 5.476 7.254 o_on 0.926 0.022 (1_929 0_'>29 0.02:.' 
' 

!068 - r 40-ivtl IR 15 M lJI 14 137 13236 0.039 0.951 0 037 0.955 0.955 ()_037 

1069 )-140-Ml!R 25 M U2 20.887 15 145 0.051 0_959 0 048 0.963 0.96) 0048 

1070 r-140-MUR 15 M UJ 10 189 23.800 0.068 0.974 0.065 0.977 0.977 0_065 

!07! '-140-MUR 25 M T1 10443' 10.818 0.019 0.944 0.021' 0.931 0.944 0 019 

107~ )-140-MUR 25 M T2 9.170 11.072 0.045 0.970 0.042 0973 0.97:1. 0.042 

)073 '-1-W-t-.HJR 2) M T22 7.768 10.436 0.044 0.917 0.0-B 0.921 0_921 0.0--0 

I' 074 P-140-MIJR 25 M T3 6.622 6.746 0_021 0.967 0.022 0.966 0.967 I 0.021 

1075 J'-140-MUR 15 M Ll 11.845 7.636 0067 0.967 0067 0967 0.967 0 067 

1076 '-140-MUR 25 M L2 35.916 10.054 0.062 0933 0.051 0.955 0.955 0.0:'1 

1077 '-140-tvHJR 25 M L3 13.882 12.472 0.055 0.924 0.049 0.930 0.930 ()_049 

1078 P-1-H -AliA 46 M 11 13.373 7000 0026 0.977 0.025 0978 0_978 0.025 

107Y P-141-AilA 46 M !12 6368 5473 0.020 0971 0.020 0.971 0.971 0.020 

I 080 iP-141-AI-[A 46 M Ul 7387 18.326 0079 0 931 0.073 0.938 0.938 0.073 

1081 P-141-AI--IA 46 " U2 1 o.J 16 11072 004ll, 0.960 0.047 0961 0.961 0.047 

108~ P-141-AHA 46 M UJ 5 986 8400 0.043 0 917 0.044 0.912 0.917 0.043 

1083 P-141-AHA 46 M T1 17.066 24.818 0.046 0.962 0.059 0.965 0.965 0.059 

I 08--t P-141-AIIA 46 M T2 21.524 16.418 0.051 0.954 0.051 0.953 0.954 0.051 

1085 P-141-Af1A 46 M T3 1 3.373 20.363 0.043 0.946 0.043 0.946 0.946 0.043 

108("1 P"141-AHA 46 M T4 36.679 ' 28.381 0.058 0.989 0063· 0.986 0.989 0.058 

1087 P-l.f1-AHA 46 M Ll 11081 24.054 0047 0 973 0.047 0.977 0.977 0 047 

1088 P-141-AHA 46 M L2 9.934 11.836 0038 0.954 0.038 0.954 0.954 0.038 

1089 P-141-AilA 46 M L3 23.434 12600 0.063 0.969 0.063 0969 0.969 0.063 

1090 P-142-MAR 55 r U2 4967 8.399 0.052 0.904 0.085 0.745 0.904 0.052 

1091 P-142-MAR 55 r U3 5.222 4.327 0.035 0.976 0.036 0.975 0976 0.035 

109~ -142-MAR 55 r 1.1 17448 13.363 0.030 0 962 0.031 0.963 0963 0 031 

IOY3 P-142-MAR 55 1· L2 6.114 6.236 0.020 0.988 0020 0.988 0.988 0.020 

109-f -142-MAR 55 F L3 7.642 16.545 0 082 0.950 0 071 0.958 0.958 0.071 
f-- ~--

1095 P-143-Ri\.J 46 M U1 9.806 9 418 0.024 0.962 0_025 0.960 0.962 0 024 

10% P-143-RAJ 46 M IJ2 5.98fi 8_655 0 (131 0 937 0 031 0 918 0.938 Q_0_11 
'---·-· 
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1\o Patient Age Gender Region 
Width Height Sa.2 Rj Sa.3 Rj Rf,nal 

Srmal 
(mm) {mm) (mm) (mm) (111111) II 

1097 P-1-43-RAJ -16 M U3 5A76 6.364 0.0-10 0967 0.040 0.966 0_967 0.0-10 

Hl9.~ P-1-tJ-R:'V -16 -~1 Tl 14901 12.982 0.018 0977 0.019 0.975 0.977 0.028 

1099 P-143-RA.l 46 t<.-1 T2 9.552 11.200 0.031 0.962 0.030 0.96.1 0.96.1 0.030 • 
llti(J P-1-B-RAI 46 M T3 34.769 14 763 0.046 0.970 0.046 0.970 0 970 O.O..t6 

1101 P-1-l-3-RAJ 46 ~I Ll 6.368 9.037 0.034 0913 0.034 0.912 0.913 0.034 
• 

110~ P-1-U-RAI 46 ~I L3 4.712 5.218 0 021 0.909 0.021 0.910 0.910 0.021 

r 1 oJ P-1-14-ESM 63 F Ut I0.57i 15.909 0.059 0.972 0.057 0.949 0972 0.059 

IIO..t P-1-14-ESM 63 F U2 7.387 17.182 0.040 0.984 0.039 0.985 0.985 o03r 
• 

1105 P-1-J.-l-ESM 63 F U3 9.807. 7.255 0.084 0.954 O.D78 0 960 09,60 0078 

IIIH'> P-1-l-1-E\'1.1 63 F 1.1 17.576 13.745 0.047 0.914 0.047 0.918 0.918 0047 

r Jo7 1'-1-1-1-ES~I 63 r L2 32.09:-1 12.345 0.034 0.950 0.033 0.954 ·0.954 0.033 

I IUS 1'-144-f-:SM 63 F I.-I 33369 27.490 0.101 0.962" "0.103 0.955 0.962 0.101 

1109 '-l..f5-MUII 26 M II 7.387 7.891 0.030 0.928 0.029 0.930 0.930 0.029 

II 1(1 '-1-t:;-~HJ/l 26 M Ul -1.331 -1.327 O.QJO 0.931 0.030 0.931 0.931 fl. OJ() 

II II l .. J .. t'-\1UII 26 ~I lJ2 4.967 -1.327 0.036 0.9-17 0.037 0.9-16 0.947 0.030 

I II~ l .. J-1:'-1\HIII 26 M l13 5.222 5.218 0.039 0.9-11 0.039 0.9-12 0.9-1.:! O.O.N 

1113,>-J-t:'-MUH 26 M Tl 10.062 8.400 0.057 0 941 0.05-1 0.950 0.950 0.05-1 

111-f >-J-15-t-.·1UH 26 M T2 8.915 7.890 0.053 0.958 0.052 0.959 0.959 0.052 

1115 l .. J-15-MUII 26 M T3 12.100 8.782 0.069 0.954 0.067 0.956 0.956 0.067 

I II h l .. J45-MUII 26 M Ll 5.094 5.472 0.042 0937 0.040 0.944 0.944 0.040 

1117 '-1-15-MUII 26 M L3 5.221 3.182 9.034 0.973 0.033 0.974 0.974 0.033 

Ill~ l'-1-16-SAK -IS i"vl Ul 12.~1 12.854 0.038 0.956 0.037 0.956 0.956 0.037 

Jill) P-1-16-S,\K 48 M U2 20.504 21.254 0.06-1 0.980 0.068 0.976 0.980 0.06-1 

1120 P-1-16-SAK 48 M U3- 20.505 17944 0.090 0.947 0.091 0.9-15 0.9-17 0.090 

11.:!1 1'-1-16-S:'\K 48 M Tl 7.515 6.618' 0.033 0.929 0.033 0.929 0.929 0.033 

112: 1'-1-16-S:\1\. -18 M T2 19.486 25.708 0.054 0.960 0.053 0.963 0963 0.053 

IJ~; P-1-lh-S:\1\.. 48 M rJ 22.925 10.436 0.039 0.956 0038 0.959 0.959 0.038 

11:2-f P-1-16-S:\1\. 48 M Ll 16.939 21.890 0.051 0.971 0.049 0.973 0.973 0.049 

11~5 1'-147-THE 50 M U2 15.538 11709 0.052 0.955 0.053 0.954 0.955 0.052 

11:26 P-1-17-TIIE 50 M Tl 13.118 8.018 0.026 0.991 0.026 0.991 0.991 0.026 

II ~7 P-147-'IHE 50 M T2 14.519 8.399 0.029 0.991 0.028 0.992 0.992 0.028 

112R P-1-17-TIIE 50 M T3 17.194 10.436 0.055 0.985 0.056 0.984 0.985 0.055 

1121} P-147-THE so M T32 18.849 10.309 0.058 0.971 0.057 0.973 0.973 -0.057 

1130 P-147-TfiE 50 M Ll 14.647 17.945 0.049 0.984 0.044 0.986 0.986 -0.044 

11.11 1'-147-TIIE 50 M L2 ·11335 18.96-1 0.056 0 963 0.057 0.960 0.963 ().056 

II 32 P~J47-THE 50 M u· "llt"-t67 17.-136 0.053 0.95-t O.O>J 0.955 0.955 0.053 

It 33 1-1-18-AHM 33 M H 8.279 11.836 0.028 0.937 0.027 0.940 0.940 0.027 

113-1- 1-/48-AIIM 33 M Ul 14.010 25.708 0.055 0.976 0.056 0.975 0.976 0.055 

11J5 -'-148-AHM 33 M U2 17.193 10.690 0.057 0.944 0.057 0.943 0.944 0.057 

1136 1 -148-AHM 33 M U3 25.090 15.273 0.075 0.991 O.Oi4 0.99i 0.99 i 0.074 

1137 >-J-.18-Af!M 33 M Tl 36425 10.691 0.049 0.985 0.051 0.984 0.985 0.049 

1138 1 -I-18-AIIM 33 M T2 22.415 16.672 0.078 0.954 0.079 0.953 0.954 0.078 

1139 >-i-18-AHM 33 M T3 39.099 11.582 0.071 0.921 0.072 0.919 0.921 O.Oil 

1140 -148-AHM 33 M Ll 15.028 27.490 0.097 0.961 0.090 0.966 0.966 0.090 
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N(l l'atknt -\gc (iendcr Region 
\\'idth l-kig~ Sa.2 Rj sa.3 R' Rfln.<J.I 

Sruwl 
(flllll) \.llHJl) (tntn) (mml ' (lllllll 

I I-ll '-J~:') . .'\11\! 33 M L~ ~9.9~9 21.636 0.095 0 989 0 097 0.988 (l_9X9 (1.09:' 

I 1-l.:~ -1-lS-:\JL\1 33 ,\J LJ !3.501 27_~90 0.091 0.951 0.089 0.95-1 0.95-1 0.089 

I 1-1.3 P-1~9-HAS 28 ~I H 15.028 ' I 0 9-15 0.028 0 973 0.027 0_973 0.973 ()_(1~7 

11-1.--l- P-1--l-9-HAS 28 M ll2 3.9-18 .5.600 0.024 0.928 0.025 0_9~4 0.928 O.(C-1 

11-1-:5 P-1 ~9-IIAS 28 M lJ3 3A39 3 691 0.019 0.962 0.018 0_962 0.962 0.018 

11-1-6 P-149-IJAS 28 rvl 11 6.496 5.091 0.039 0.929 0.038 0.930 0.930 0.038 

I 1-1-7 P-1-19-I!AS 28 M T2 -1-.457 ~ 836 0.031 0.926 0.031 0.927 0.927 0.031 

II :.I-S P-1~9-HAS 28 M Ll 9.170 9.799 0.031 0.926 0.032 0.927 0.927 0.0.12 

11-1-9 P-1-19-llAS 28 M L2 3.821 '3.-136 0.021 0940 0.021 0.9~1 0.9-11 0.021 

I J ::'f! P-1-1.9-I!AS 28 M Ll 4.203 .5 3-JS 0.026 0 973 0.027. 0_972 0 973 0_026 

11.51 -I SO-l'dOH 51 M Ul 4.840 5.981 0.019 0.937 0.019 0936 0.937 0.019 

I IS~ '-150-1\10/l 5 I ~1 U2 6.750 6.236 0.015 0.907 0.015 0 909 0.909 (I_(} I) 

J 1:-:> '-150-\1011 51 M U3 2.80~ 2.673 0019 0.950 0.0 19 0.9-J.I} 0.950 I 0_019 

11_-q '-I S0-:\10H 51 ~1 Tl 2-l-.071 l-l_5(J8 O_O-l6 0.973 0.046 0.973 0.973 1)_(1-J(l I 
I 

J 15) '-15(PvfOH 'I ~I T2 11.335 17 691 0.038 0.956 0.038 0.957 0.957 o_n:;x I 
J 15(1 )-150-MUH 5 I M T3 11.717 19.218 0.046 0.95-l 0.047 0.952 0.95-1 (l.fl-lh 

fJJ ~7 -1 50-MOll 51 M 1.1 24.963 10.945 0.041 0.976 0.039 0.978 0.97X 0.0]9 

115S >-150-MOIJ o I M L2 16.302 I (,.418 0 023 0.993 0.022 0_943 0 993 0.022 

1159 >-150-MOII ol M 1.3 20.887 8_145 0.02-1 0.993 0.023 0.99-l- ()_994 ()_023 

1160 P-151-ROS 5 I F ll 4.457 3_8 !8 0.022 09~7 0.022 0.947 0.9~7 0.022 

1161 P-l.'ii-ROS 51 F H2 -l-.203 3.945 0.029 0.857 0.021 0901 0.901 ()_()21 
·-·---

i I r,~ 1'-1:'\1-ROS 5 I I LJ J l~.--t81 13.109 0.0-17 0.959 0.048 0.959 0 959 0.0-IH 

llt-.J P-151-ROS 51 I LJ3 16302 13.618 0.056 0.930 0.055 0933 0.933 0.055 

lin-t P-1 51-ROS 5 I F U4 15.538 12.090 0.047 0.965 0.045 0.968 0.968 0.0-15 

ll(l'i 1'-151-ROS 51 F U5 I 1.589. 13_109 0.031 0 963 0.032. 0.958 Q_96J O.fHI 

II Clll P-151-ROS 51 I lJ6 15.156 16 163 0.028 0.987 0.028 0.986 0.987 0.028 

11 (>7 P-151-ROS 5 I F rl 12.736 9.54-5 0.033 0.987 0.032 0 988 0.988 ()_032 

11M? P-15 I -ROS 51 I. T2 6.623 I 1.327 0.011} 0 981 0.019 0.981 0 981 0.019 

1109 P-1 5! -ROS 5 I F T3 14.519 15.527 0.066 0.911 0064 09~ 0.916 0.06-l 

1170 P-151-ROS 51 F T4 11462 17.563 0041 0.983 0.042 0.982 ' 0.983 0.0-11 

1171 P-151-ROS 51 r T5 9425 11964 0.038 0.950 0.035 0.957 0.957 0.035 

J I 7~ P-151-ROS 51 r T6 21.906 12 727 0.049 0.959 0.049 0.945 0.959 0.049 

1 1 73 P-151-ROS 5 I r .Ll 13.882 21000 0.056 0.976 0 057 0.959 0.976 0.056 

I 17-1 r-1s1:Ros 51 r L2 9.680 124j2 0.060 0.940 0.056 0.946 0 946 0.056 

117) P-1 51 ~ROS 5 I F LJ, I 1.717 108'2 0.037 0.984 0040 0981 0.984 0.037 

1176 P-1 52-SIT 59 F II 9.680 5.982 0.037 0.956 0.037 0.956 0.956 0.037 

I 177 P-152-SIT 59 F Ul 14901 16.163 0.037 0.967 0.036 0969 0.969 0036 

II 78 P-1 S2-SIT :'i9 r ll2 12.227 7 763 0.049 0.942 0.049 0 942 0942 0 049 

!179 P-152-SlT 59 r U3 23.434 12.472 0.072 0.922 0.070 0_923 0.923 0.070 

1180 P-152-SI'f 59 F Tl 6.113 10436 0.043 0.947 0040. 0.956 0.956 0.040 

1 lfil P-1 52-SIT 59 F T2 33.623 10.564 0.050 0.932 0.056 0914 0.932 0.050 

II 32 1'-!52-SIT 59 (. T3 19.613 28 127 0.04-6 0.951 0.046 0_953 0.953 0_046 

11tG P-152-Sn 59 F Ll I (.081 16.290 0.034 0.960 0 033 0961 0.961 0.033 
-· --
II S-1 P-152-SI I 5() I Ll2 12.609 13.490 0_036 0.973 0.040 0 964 ()_973 0.036 

- ----- L__ ___ -- L__ ____ 
~---

L- ___ , ____ 
---· ~-- - L__ ----- ---
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No Patient Age Gender Region 
Width Height sa.z Rj Sa.3 M R}ma/ 

sftna/ 

(mm) (mm) (mm) {mml (nlnt) 

1!85 P-152-SIT 59 F L2 9.043 8.400 0.042 0.956 0.042 0.956 0.956 O_O..J2 

II /1(~ P-152-SIT 59 F L3 11.972 10.690 0.062 0.959 0.062 0.959 0.959 0.062 

1187 P-153-Z! _!R 31 F Ul 4.203 4.454 0.029 ,0.929 0.030 0.926 0.929 0_029 

I IRS P-153-ZlJR 31 F U2 4.967 8.909 0.026 0.951 0025 0.953 0.953 0.025 

1189 P-153-ZUR 31 F Ll 7.005 I 0.563 .0.017 0.995 0017 0 995 0.995 0.017 

1190 P-153-ZlJR 3 I F L2 6.241 5.345 0.023 0.970 0.023 0.969 0.970 0.02.3 

r J91 P-153-ZUR 31 F Ll 4.458 5.090 0.022 0.958 0.022 0.957 0.958 0.022 

I J\l2 P-15-'-GUN 34 M HI 6.878 7.508 0.016 0.909 0.016 0.915 0.915 () 016 

1193 P-15-t-GUN 34 M Ul 7.514 9.290 0.022 0.961 0.020 0.964 0.964 0.020 

IJY-.1 '-15-1-< iUN 34 ~I (;2 6.750 10.054 0.051 0.970 0.051 0.969 0 970 0.051 

111}5 P-1 :'-t-Cit T\: 3-J \I UJ 5.603 -1-.836 ·0.036 0.912 0.036 0.911 0.912 0.036 

!!YO P-154-CilJN 34 M Tl 23.944 14.000 0.066 0.944 0.067 0.942 0.94'4 0.06(> 

I !97 '-15-l-GUN 34 M T2 21.014 12_472 0.055 0.933 0.055 0.933 0.933 0.055 

r rq.s '·154·Gl!N 34 ~1 T2C 30.439 12.346 0.052 0 993 0.053 0.992 0.993 0.052 

I 1'-NP.I:'>-1-...(i{IN 34 r..t T2D 18.849 19.599 0045 0.939 0.047 0.935 0.939 O.O-J5 

r:;;on '·15-J--GUN 34 M T2E 17.321 21.127 0.040 0.953 O.O-J2 0946 0.953 0.040 

I ~01 '·154-GUN 34 M T3 5.604 6.490 0.024 0.960 0.024 0.960 0.960 0.024 

I 2(12 1·154-GUN 34 M Ll 22.543 8.781 0.030 0.984 0.030 0.985 0.985 0.030 

!~<G '-J54·GUN 34 M LIB 21.778 14.636 0.029 0.980 0.031 0.978 0.980 0.029 

1204 '-154·GUN 34 M- L3 11.972 19.218 .0.046 0.950 0.043 0.960 0.960 0.043 

1 ~05 P-155·NOR 41 M Ul 9.425 14.508 0.023 0.986 0.023 0.987 0987 0.023 

120t\ P-1.:':'-NOR 41 ~I U2 11.208 9.672 0.051 0.939 0.052 0.938 0 939 0.051 

12n7!P-155-NOR 41 M U3 8.660 7.255 0.029 0.954 0.028 0.945 0.954 0.029 

120.S P-155-NUR 41 M 1!4 15.410 12.218 0.037 0.970 0.037 0.969 0.970 0.037 

12o9 P-155-NOR 41 M Tl 14.265 9.164 0.050 0.933 0.049 0.935 0.935 0.049 

12j<l 1'-1.'5-NOR 41 M T3 11.081 5.981 0.042 0.948 0.044 0.933 0948 0.042 

121 I P-155·NOR 41 M 1.4 31.076 27.363 0.061 0.964 0.085 0.969 0.969 0.085 

1212 1'·155-NOR ·41 M L5 35.024 26.981 O.D35 0.995 0.074 0.976 0.995 0.035 

1213 P-156-IMU 38 F Ul 6.241 6.237 0.019 0.987 0.019 0.987 0.987 0.019 

1214 P-156-IIAB 38 F 1!2 5.732 8.527 0.025 0.946 0.025 0.947 0.947 0.025 

1215 1-156-fiAB 38 F l/3 11.971 17.182 0.017 0.995 0.017 0.994 0.995 0.017 

1216 P·I56·1-IAB 38 F Ll 7.768 10.691 0.034 0.953 0.033 0.955 0.955 0.033 

1217 1'·156-IIAB 38 F L2 9.424 11.200 0.022 0.980 0.021 0.982 0.982 0.021 

12P! P·I56-IIAI3 38 F L3 5.222 6.745 0.014 0.913 0.011 0:908 0.913 O.Q14 

1219 1'·157-S[T 62 M Ul 17.194 16.291 ,O.D38 0.959 0039 0.955 0.959 O.D38 · 

12.20 P-157-SET 62 M U2 6.240 oo3i · -- . --
0.983 0.029 8.146 0.982 0.029 0.983 

1221 P-157·SET 62 M U3 4.203 6.618 0.035 0.962 O.Q35 0.961 0.962 0.035 

1222 P·I57-SET 62 M Tl 7.005 9.418 0.026 0.904 0.026 0.905 0.905 0.026 

1223 P-157-SET 62 M T2 6.878 7.891 0.023 0.945 0.023 0.948 0.948 0.023 

I ~24 P-157·SET 62 M Ll g 915 I 0.436 0.026 0.957 0.025 0.959 0.959 0.025 

1225 1'·157·SET 62 M L2 13.628 16.927 0.046 0.955 0.046 0.957 0.957 0.046 

1220 P-157-SET 62 M L3 16.048 25.326 0055 0.977 0 053 0.980 0980 0.053 

1227 P-157-SET 62 M L38 18.849 20.744 0.062 0.982 0.058 0.985 0.985 0.058 

I :'.28 P-158-SEL 46 M H 15.920 10.818 0.041 0.929 0.045 0.917 0.929 0.041 
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I S[uu.11 

'\o Patient <\gc (Jcndcr Region 
\\'idth Hc1ght sa.2 R' S,u R' R}ma/ 
(nmll (111m) (llll11) ' (mm) ' (llllll) 

1229 P-158-SEL -16 hi l' I 17 -1"8 15.6)-.l: 0 0"1 0.963 0.038 0.905 0.965 0.038 

1230 P-I .'i8-SEL 46 hi u: 16.68-l 14.636 0.029 0.981 0.029 0981 0.981 0.029 

1231 P-ISR-SFJ 46 ~I U3 2-L580 14.509 0.0-W 0 967 0.039 0.969 0.969 0.0.19 

1:'32 P-158-SEl "6 hi T2 11.335 8.145 0.034 0.962 0.031 0 969 0.969 () 032 

1233 P-158-SEL 46 hf Ll 9.934 8 909 0.030 0.963_ 0.028. 0980 0.980 0.028 

1234 P-158-SEL 46 ~~ L3 7.387 8.782 0.023 0.97" o.on 0.975 0.975 0.022 

123.5 P-1.59-RAl 51 ~~ H 7387 8.273 0016 0.98" 0017 0.984 0.98" O.GJ7 

1236 P-159-RAJ 51 M Ul 21.269 6.873 0.044 0 968 0.038 0.974 0.974 0.038 
. 

1237 P-1 59-RAJ 51 ~~ l '2 10.316 18 709 O.ON 0.965 Q_{)36 0.967 0.967 0.0311 

1231-: P-1_59-RA.I 51 ~~ l" ,_, 9 . .'i52 13.236 0.025 0 994 0.018 0.992 0.994 0.025 

1239 P-159-RAJ 51 M Ll 16.811 . 15..527 0.046 0.974 0.039 0_()83 0.983 0.039 

1::!-10 P-154-RAJ 'I M L2 26.618 11.964 0.075 0.969 0.070 0.971 0.971 0.070 

1::!-11 P-1 _:.{}-RAJ 51 M L3 13.755 16.290 0.053 0_9()9 (1.052 0.%8 {1_9()9 0.053 

~~-~~ P-1 60-S.-\N 35 I ll 11.717 9.163 0.045 0.955 0.044 0.957 0.957 O.O.J4 

12-13 P-160-SAN 35· F lit !3.627 23.545 0.033 0984 0.0.31 0.986 (J_9g6 ().()_3] 

1::!44 P-160-SAN 35 F U2 10.443 10.182 0.049 0.977 0049 0 977 0.977 0.044 
-

1245 P-160-SAN 35 F U3 21.014 7.255 0037 0.972 0.035 0975 0.975 Q_()J) 

124(1 1'-1 60-SAN 35 I Il-l 24.198 26.726 0.050 0.979 0.052 0.980 0.980 0.052 

1247 P-160-S/\N 35 F Tl 16047 25.962 ()_051 0.946 0.052 0_945 0.946 0.051 

1248 P-160-SAN 3< F f3 4 839 3.946 0.015 0.957 0.020. 0_940 () 957 (UI 15 

1::!-19 P-160-SA/\; 35 F Ll 12.482 19.090 0.035 0.980 0.034 0 980 0 980 0 03-i-

12)l) 1'-16\J-SAN 35 F L2 21.906 18.708 0.042 0.993 0.042 0.993 0.993 ()_(i42 

1251 P-!(JO-SAN 3:' I L2B 18.468 18 199 0.037 0.989 0040 0.987 0.9R9 0.037 

1252 P-160-SAN 35 F - L3 6.368 15.272 0041 0.929 0.040 0931 0.931 0.040 

1253 1'-160-SAN 35 F L4 26.363 18..582 0.051 0978 0.052 0977 0.978 0.051 

!25-l '-161-Rr\1\-1 56 M H 6.113 8.655 0.026 0.965 0.026 0.964 0.965 0.026 

1255 '-161-RAM 56 M IJI I 1.717 12.345 0.039 0.985 0.038 0.9R6 0.986 0.()]8 

12.)0 )-101-RAM 56 M IJ2 5.349 8.527 0.023 0.927 0.022 0.928 0.928 0_022 

1::!57 >_J (ii-RA\·1 56 M U3 5.221 5.981 0 030 0.940 0.031 0940 0.940 0.031 

1258 >-161-RAM 56 M Tl 8.024 8.018 0.034 0.922 0.035 0 919 0.922 0.034 

125(} >-J61 ~RAM 56 M 1.1 7.005 7.254 0.017 0.971 0.018 0.971 0.971 0.018 

1~60 P-1(>1-RAM 56 M L2 25.599 11.582 0.064 0.975 0059 0.979 0.979 0.059 

!201 >-J61~RAM 56 M L4 31.330 27.618 0.058 0.947 0.068 0.948 0.948 0.068 

126:? P~ 162-BAI. 41 M L22 12.226 14.763' . 0075 0.979 {) 061 0.985 0.985 0.061 

1::!63 P-16J~NOR.- 29 F 113 10316' 10.56J 0049 0.968 0049. 0966 0.968 0_049 

!264 P-163-NOR 29 F IJ22 4.840 6490 0.028 0 961 0.028 0.961 0.961 0.028 

1265 P·I63-NOR 29 F U51 7.387 8.654 0.037 0.939 0.032 0.924 0.939 0.037 

1266 -164-LOW 68 M 121 11972 16.036 0030 0.920 0.031 0.918 0.920 0.030 

1267 P-165-BAL 48 hf 112 9.043 4.964 0 050 0.699 0.035 0 911 0911 0.035 

1268 P-165-AAL 48 M T32 16.175 16.036 0.049 0.948 0.051 0 943 0 948 0_0-1-9 

1269 1'- I 65-A:\1. 48 M Lll 19.613 20.491 0.050 0.963 0.053 0.959 0.963 0.050 

1270 P-166-1 LO 58 M U31 3.439 3_054 0.016 0.940 O.OI(J (L939 0.940 0_0]6 
-----

1271 P-167-SAN 33 M HI 5.477 5.345 0.028 0.937 0027 0937 0937 0.027 

1212 
1---

~-3 P-168-NACJ M T42 8.279 9418 0.026 0.940 0.027 0.436 0.940 0.026 
- -·-----~-- - - -- -- ------ - ---· -
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~0 Patient Age Gender Region 
Width Height • Sa.2 Rl Sa.3 R' R}rno.l 

Srmal 
(mm) (mm) (mm) (mm) ' tmm) 

" 127.~ I'-16S-Nt\G ~3 M T52 14.773 I 1.709 0.028 0.948 0.029 0.945 0.9~8 0.02g 

127-l 1'-170-SJL: 56 ~I HI 6.496 6.7-1-5 ONO 0.937 O.QJ8 0.9-1-2 0.9-L~ 0.038 

127S P-171 -NGS 64 M Til 3.439 4 073 0.022 0.912 0.023 0.911 0.912 0.023 • 
127Q P-172-SUK 35 M L52 38.080 24.181 0.087 0.911 0.118 0.508 0 911 0.087 

1277 '-173- \\'ON 82 M U\2 6.368 -L582 0.030 0927 0.031 0.918 0.927 0030 

t::m: >-173-\\'0N 82 M T22 6.878 13.872 0.0-1-5 0.926 0.0~0 0.9-lJ 0.9-1-3 0040 

1279 '-173-\\'0N 82 M L22 5.222 5.473 0.036 0.973 0.036 0973 0.973 0.036 

1280 '-17.3-\\'0N 82 M L31 5.477 6.491 0.034 0.925 0.034 0.924 0.925 0.034 

1.281 P-176-,\DH 34 M Til 5.60-t 7.636 0.042 0.811 0.032 0.911 0 911 0.032 

12~C P-1 ifi-ADH 34 ~1 T21 5.3-N 7.127 0.033 0.928 0.033 0.921 0.928 0.033 

12X3 '-176-ADII 34 M Ll2 7.769 7.381 0.033 0.957 0.031' 0.961 0 961 0.031 

12S-J >-177-MAI-I 45 M L31 19.996 9.418 0.092 0.921 0.093 0.921 0.921 ().Q()J 

12X5 )-174-AAI. 3 I F lll2 17.448 11.836 0.090 0.939 0.090 0.938 0.939 0.090 

J:~Xf, 1!-ISI-!\'A!\: 55 ~I Ll2 I 1.463 15.654 0.034 0.964 0.034 0.964 0.96-1 (J.(I_q 

l~X7 ~-_1~2-\\0N 68 ~1 U32 3.820 3818 0.022 0918 0.022 0.918 O.QIR 0.022 

1~XK P-110-N~R 6-1 M T21 13.88:! 14 254 0.052 O.Q38 0.052. 0939 0.939 0.052 

12~N P-1 X5-LOO 71 M U32 7.005 6.618 0.045 0.936 0.042 0.945 0.945 0.042 

124() P-1 84-RAT 28 F U22 14.774 11.327 0.076 0.902 0.077 0.903 0.903 () 077 

1241 P-184-RAT 28 F T32 14.519 15.145 0.058 0.904 0.058 0.905 ·o.905 0.058 

1292 P-llO-TAN 31 F Til 11.845 8:909 0.077 0.918 0.074 0.921 0.921 0074 

l2'H P-187-TAN 31 F rJ2 16.047 11.709 0.045 0.942 0.043 0.945 0.945 0.043 

12Y-I P-DP--IAN 31 F T51 7.896 8.400 0.056 0905 0.054 0.905- 0.905 0.054 

129:> P-187-TAN 31 F L22 11.589 10.054 0.039 0.930 O.D38 0.933 0.933 0.038 

1296 P-187-TAN 31 F L51 5.731 6.237 0.039 0.757 0.033 0.903 0.903 o.o.n 
1247 -188-MOII 28 M lJ II 8.533 9.927 0039 0.945 0.038 0.949 0.949 0.038 

129S '-IN8-MOII 28 M U21 2.675 3.436 0017 0.957 0.017 0.955 0.957 0.017 

12'-N '-188-MOII 28 M Lll 8.915 7.509 0.047 0963 0.049 0.960 0.963 0.047 

1300 >-1 88-.MOH 28 M Lll 8.661 10.181 0.034 0.908 0.041 0.904 0.908 0.034 

1301 >-189-MOH 74 M T62 10.316 4.836 0.022 0.940 0.022 0.940 0.940 0.022 

1302 >-181.!-MOH 74 M T72 7.260 7.000 0.024 0.928 0.024 0.928 0.928 0.024 

1303 P-190-0MA 28 M U21 11.335 14.127 0.039 0.945 0.037 0.951 0.951 0.037 

1]()4 >-190-0MA 28 M U43 40.119 29.145 0.141 0.975 0.146 0.956 0.975 0.141 

1305 '-190~)MA 28 M Tl61 39.609 29.527 0.122 0.821 0.126 0.905 0.905 0.126 

1306 >-190-QMA 28 M T21 18.467 14.254 0.082 0.922 0.083 '0.921 0.922 0.082. 

1307 >-190-0MA 28 M Ll21 36.043 28.254 0.156 0.918 0.144 . 0.931 0.931 0.144 

1308 P-190-0MA 28 M Ll62 ·1-9.231 10.182 0.070 0.935 0.069 ·0 933-- 0.935 0.070 

IJ09 '-190-0MA 28 M Ll72 17.703 12.727 0.079 0.774 0.094 -0.928 0.928 0.094 

1310 P-191-ALI 56 M U32 10.061 3.564 0.041 0.906 0.041 0.912 0.912 0.041 

1311 P-191-ALI 56 M T41 10.061 10.181 0.040 0.924 0.040 0.925 0.925 0.040 

1312 P-193-UMI 50 F U22 5.349 6.491 O.G25 0.972 0.02G 0.97i 0.972 0.025 

131.) P-193-UMI 50 F T41 8.660 8.399 0.049 0.905 0.040 0.907 0.907 0.040 

1314 P~195·DEV 42 ]- T81 23.943 28.381 0.054 0.924 0.055 0.917 0.924 0054 

1315 P-162-BAL 41 M ll31 7.769 7.128 0.035 0 948 0.033 0.955 0.955 0.033 

1316 P-167-SAN 33 M Ull 4.203 4.836 0.041 0.913 0.040 0.917 0.917 0.040 
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:\o P<ltJ<.:nt -\ge Gender Rcgi1111 
Width Height s, R' Sa.3 R' Rf,,,,t Sf mal 

{nunl onm) (mm) ' (lllnl) ' (mm! 

I~ J7 P-I6~-~.-\Ci 41 \I T21 11.203 5.981 0.033 0.964 0.032 0.966 (1_966 0 032 

131 s P-168-~:\G 4' r-..1 Lll 9.679 7_763 0.02-l- 0_973 0_023 0.97:' 0.97~ ()_()_23 

1319 1-169-Dl i\\. 5 I \1 l;::J 5.60-l- 11.709 0.037 (L961 (I 036 0 963 0.96:1 0.036 

~-~~() 1-169-Dll\\ 51 \I Ttl 16.939 13 -l-90 0.02-l- 0 970 0.025 0 970 0970 0.025 

]_3~ 1 1-169-DU\\ ; I ,\,1 T2l 17.321 1.:1.636 0.021 0.926 0_025 0.901 0.926 0.021 

1 32~ 1-169-Dl!\\ 'I ~I LJI 16_8! I 16.800 0 026 0991 ()_02-1- 0.992 0_992 0_024 

13:::3 P-170-SIE 56 M Ull 4 840 6.873 0.039 0.969 0.037 0 971 0_971 0.037 

1324 P-170-SIE 56 M U21 6368 8.527 0.027 0 967 0_()29 0.963 0.967 0.027 

13~5 P-170-SIE 56 \I L;31 5_095 UU9 0.026 0.973 ()_026 0.97-1- O.Q7-I- 0.026 

13::'.6 P-170-SIF 56 r-.1 L21 8.02-1- 9.672 0.033 0.923 0_032 0.926 0.926 (1.()32 

I 3.2 7 P-170-SIL 56 ~I Ul I I_ 717 18.199 0.031 0.954 0.030 0_9.t7 0.95-t 0.(\31 
f--

iJ2X P-171-N(i 64 ~I ]121 2.675 3_1 M2 0 037 0.958 0.036 0_9'i9 (1_9:-il)_" O.tl36 

!J~'} P-172-Sl.:J-\: 3) M Jj21 8.151 7.25-t 0.031 0.951 (UJJ2 0.9-HJ ()_951 0031 

!330 )-173-\\'0:\ 8' \I LI3J -1.713 6.36-l 0.029 0.936 0.027 () 9.t2 0.9.t2 oo:n 
I :1' 1 1-1 7.1-WON 8' \I r11 6.368 10.690 0.0-l(! 0.930 0_038 0.939 (19_N 0.038 

IJ32 1-173-\\'C)N 82 M T3! 6.495 6.873 0.051 0.927 0.050 0.928 0.928 0 .. 050 

1.133 )-173-WON 82 M Lll 6.368 7_127 O_OJ2 0980 OOJJ 0 979 0.980 0.032 

13.\4 1-174-1\11\(i 33 r L21 I :'_283 14.636 0 040 0.995 O_O-l3 0.994 ()_99~ 0_040 

133_-, P-175-DEN 62 M U21 7387 8_654 0.035 0_927 0.036 (1_924 0.927 0 035 

133() P-176-ADII )4 M I-ll 7_ I 32 5.218 0038 0.943 0_039 0.942 {)_943 0_038 

1337 P-176-ADH H M l!31 7.387 11.709 0.03.5 0.962 0.033 0 968 0.908 o.o:n 
i..l_:;;s )_] 77-i'vL\11 45 M HI I}JHJ7 10.563 0.030 U.Y26 0.030 O.'ni.J U.42Y o.o .. w 
13]9 P-178-YUR '9 F 1.61 9.934 11.581 0.035 0_93.:\ 0034 0937 0.937 0.034 

13-W P-180-SEL 65 M IJII 22.161 16.799 0.045 0.994 0.046 0.994 0.994 0.046 

1341 1-181-NAK 55 M LJI 8.151 12.981 0.026 0.973 0.025 0 976 0.976 0_025 

13-t2 P-181-NAK 55 M L41 8.788 15.399 0.035 0.956 0.031 0.957 0.957 0.031 

I >.t 1 1-182-\\'0N 68 M lJ21 4.967 5.727 0.029 0.971 0.029 0.970 0.971 0.029 

!344 P-185-/_00 71 M T31 27.510 17.563 0.033 0.987 0 038 0978 0 987 0.033 

IJ.t_-, P-1 85-LOO 71 M L21 9.170 15.909 0.035 0 942 0.033 0.955 0.955 0.033 

1346 >-188-MOII 28 M UJI 9 .. 552 15.782 0.034 0.980 0.032 0.982 0982 0 032 

13-n -I 92-MUII 52 M T61 10.953 5.600 0037 0.922 0.027 0.929 0.929 0.027 

1348 '-192-MUH 52 M !AI 8.660 9 163 0.044 0 939 0.029 0.982 0.982 0.029 

1349 >-192-MUH 52 M L51 6.240 8.145 0.029 0.985 0.029 0.985 0.985 0.029 

-1350 P-193-UMI so F LSI 4 712 5.854 0021 0.968 0.021 0.968 0968 0.021 

iJ:d P-195-DEV 42 F HI 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 

T\'o Pati~nt Age (iender Region 
s~, (mm) Sa (mm) k-1\.'leans k-~·kans FCM FCM 
lstAsm 2nd Asm I st Asm 2nd Asm 1st Asm 2nd Asm 

I 1'-162-BLlYI 40 M Ul 0.039 0.044 2 2 2 2 

2 1'-162-BLM 40 M U2 0.017 0.016 I I I I 

.1 1'-162-BLM 40 M U3 0.033 0.030 2 I I I 

4 i P-lh~-BL!\1 40 ~I Tl 0.022 0.024 I I I I 

; P-16~-BL~I 40 ~I T2 0.026 0.020 I I I I 

6 P-162-BUvl 40 M n O.o35 0.040 2 2 2 2 

" P-161:-BI.!\1 40 M Ll O.O-t3 0.048 2 2 2 2 

X P-162-BLivl 40 M L2 O.O(j3 O.OM 3 3 3 3 

'I P-163-NAS 28 F Ill 0.045 0.045 2 2 2 2 

Ill 1'-163-~AS 28 F Ul 0.03~ 0.041 2 2 I 2 

II P-lh3-NAS 28 F U4 0.041 ·o.038 2 2 2 2 

12 1'-163-NAS 28 F Tl 0.041 0.043 2 2 2 2 

13 1'-163-NAS 28 F T2 0.021 0.022 I I I I 

14 P-f63-NAS 28 F T3 0.036 0.033 2 2 2 I 

15 P-163-NAS 28 F Ll 0.023 0.022 I I I I 

16 1'-163-NAS 28 F L2 0.019 0.017 I I I I 

17 P-163-NAS 28 F L3 0.034 0.037 2 2 I 2 

18 P-163-NAS 28 F L4 0.017 0.018 I ' I I I 

19 P-163-N.-\S 28 F L5 0.024 0.022 I I I I 

20 1'-163-NAS 28 F L6 0.026 0.020 I I I I 

21 P-163-NAS 28 F L7 0.028 0.026 I I I I 

22 1'-1 64-LAT 67 M HI 0.029 0.026 I I I I 

13 1'-16-1-LJ\ T 67 M U2 0.014 0.014 I I I I 

24 1'-164-I.J\T 67 M T3 0.027 0.031 I I I I 

25 
.. 

i P-164-LAT 67 M T4 0.017 0.015 I I I 

26 P-164-LJ\T 67 M T6 0.018 0.019 I I I I 

27 P-164-LAT 67 M Ll 0.020 0.020 I I I I 

2X 1'-164-LAT 67 M L2 0.029 0.029 I I I I 

29 P-164-LAT 67 M L3 0.010 0.010 I I I I 

.10 P-165-BLK 47 M Ul 0.025 0.026 I I I I 

31 P-165-BLK 47 M U3 0.044 0.044 2 2 2 2 

32 P-165-BLK 47 M Tl 0.037 0.035 2 2 2 2 

33 P-165-BLK 47 M T4 0.061 0.060 3 3 3 3 

34 1'-165-BLK 47 M Ll 0.043 0.042 2 2 2 2 

35 P-165-BLK 47 M L2 0.034 0.035 2 2 I 2 
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S,, (mm) S .. (mm) k-:vteans k-Mcans FCM FC\1 ! 

1\o Patient :\ge Gender Region 
lstAsm 2nd Asm lst Asm 2nd Asm 1st Asm 2nd :\sm 

36 P-165-BLK H \1 LJ 0.031 0.037 I 2 I 2 

37 P-165-BLK -17 '" L~ 0.026 0.02~ I I I I 

38 P-166- rTL 57 •\! L'2 0.033 0.029 2 I I I I 
39 P-166-TTL 57 i'-.·1 n 0.0~9 0.051 2 3 2 2 

I 

~0 1'-166-rn. 57 ~I T2 0.050 0.051 2 3 2 2 

~I 1'-166-TTL 57 M !"3 0.0~2 0.041 2 2 2 2 

~2 P-166-TTL 57 ~I I H 0.052 0.055 3 3 2 2 

n P-166-TTL 57 ~I 1.1 0.031 0.028 I I I I 

·~ P-166-T I"L 57 1\·1 L2 0.021 0.020 I I I I 

~~ P-lo6-TTL 57 M L3 0.026 0.026 I I I I 

~6 P-106-TTL 57 M lA 0.032 0.035 2 2 I 2 

~7 1'-167-SNR 32 M L'2 0.035 0.038 2 2 2 2 

~R P-167-SNR 32 M Ll 0.027 0.023 I I I I 

~<) P-lo7-SNR 32 M 1.2 0.038 0.038 2 2 2 2 

50 1'-167-SNR 32 M 1.3 0.033 0.026 2 I I I 

51 P-167-SNR 32 M lA 0.035 0.042 2 2 2 2 
r-
'" P-JM::-NG.I ~2 M IJI 0.019 0.021 I I I I 

---
53 P-16X-NGJ ~2 M 112 0.022 0.019 I I I I 

f-- - --
54 P-168-NGJ 42 M U3 0.017 0.019 I I I I 

5'i P-16R-NGJ 42 " Ll4 0.076 0.078 3 3 I 3 3 

56 P-168-NGJ 42 M Tl 0.024 0.025 I I I I 

57 P-168-NC:IJ 42 M T3 0.020 0.022 I I I I 

5X P-169-DWA 50 M Ill 0.031 0.029 I I I I 

jl} 1'-169-DWA 50 M Ul 0.051 0.055 3 3 2 2 

(,(1 P-169-DWA 50 M T3 O.OoO 0.059 3 3 3 _, 
-

(,j P-1 n9-DW/\ 50 M T5 O.o38 0.042 2 2 2 2 
---~ 

62 P-169-DWA 50 M T6 0.043 0.038 
,_ 

2 2 2 2 

63 P-169-DWA 50 M L5 0.036 O.D35 2 .2 2 2 

64 P-170-SSG 55 M Tl 0.022 0.022 I I I I 

65 P-170-SSG 55 M Tl 0.016 0.015 I I I I 
r-

66 f'-170-SSG 55 M T2 0.022 0.024 I I I I 
·---

67 P-l70-SSG 55 'M T3 0.040 0.042 2 2 2 2 
~--~ r---

68 P-170-SSG 55 M T4 0.041 0.045 2 2 2 2 

09 P-170-SSG 55 M T5 0.048 0.044 2 2 2 2 
-~ 

70 P-170-SSG 55 M T7 0.096 0.096 4 4 3 3 

71 P-170-SSG 55 M Ll 0.045 0.040 2 2 2 2 

72 P-170-SSG 55 M Ll 0.029 0.030 I I I I 

73 P-170-SS(i 55 M Ll 0.065 0.06X 3 3 3 3 
--

74 P-170-SSG 55 M L2 0.032 OJJ28 2 I I I 
-. 

75 P-170-SSG 55 M L6 0.052 0.051 3 3 2 2 
--··~· ·-'-----·--- - ... 
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Ill 

r ~" S,(mm) 5~1 (mm) k-iv1eans k-rvteans FCM FCM 
Patknt Age Gender R~gion 

lstAsm 2nd Asm 1st Asm 2nd Asm lst Asm 2nd Asm 

76 P-/70-SSG 55 \I L7 0.067 0.068 3 3 3 3 

' f I P-170-SS(j 55 \I L8 0.058 0.055 3 3 3 2 

"8 I I'-17H.;SIJ 63 M l'l 0.024 0.026 I I I I 

79 1'-171-NSII 63 M U3 0.018 0.016 I I I I 

so 1 P-171-~SII 63 M Ll 0.032 0.033 2 2 I I • 
XI 1'-171-NSII 63 M L3 0.026 0.023 I I i I 

~2 P-171-NSH 63 M L4 0.021 0.024 I I I I 

X3 P-171-NSII 63 M L5 0.038 0.040 2 2 2 2 • 
84 1'-172-SK\1 3-t \I Ill 0.049 0.048 2 2 2 2 

X< I P-172-SK\f 3-t \I !'I 0.037 0.044 2 2 2 2 

86 1'-172-SKM 34 M U2 0.031 0.034 I 2 I I 

87 P-1 7.2-SK~f .H rvt U3 0.036 0.035 2 2 2 2 

XX P-1 n-sK~I 3-f ~I ·U-f 0.079 0.079 3 3 3 3 

89 P-172-SI\.~1 3-f ~I us 0.061 (1.055 3 -_3 3 2 

I t)(l ·P-1 n-St-.:\1 3-t ~I L'6 0.073 0.074 3 3 3 3 

91 1'-172-SKM 34 M U8 0.077 0.073 3 3 3 3 

92 P-172-SKM 34 M Tl 0.033 0.033 2 2 I I 

93 P-172-SKM 34 M ·T2 0.053 0.060 3 3 2 3 

94 1'-172-SKM 34 M T3 0.035 0.041 2 2 2 2 

1)5 P-172-SKrvt 34 M T4 0.102 0.097 4 4 4 .l 

·;;;:;·rr-1 72-SK~I 34 M T5 O.o78 0.075 3 3 3 3 

<J7 P-172-SKi'vl 34 M 1.1 0.075 0.077 3 3 3 3 

98 P-172-SK~I 34 M L2 0.039 0.035 2 2 2 
' 

2 

I.} I) P-172-SKM H 'vi L3 0.(148 0.048 2 2 2 2 

100 P-172-SKM 34 M L6 0.054 0.054 3 3 2 2 

101 P-172-SKM 34 M L7 0.041 0.040 2 2 2 2 

101 1'-173-WKW 81 M U3 0.027 0.033 I 2 I I 

MOJ 1'-173-WKW 81 M Ll 0.032 0.030 2 I I I 

104 1'-174-MGH 32 F Ul 0.042 0.041 2 2 2 2 

105 P-174-MGI! 32 F U2 0.051 0.051 3 3 2 2 

106 1'-174-MGIJ 32 F U3 0.025 0.027 I I I I 

107 1'-174-MGI-1 32 F T2 0.027 0.031 I I I I 

108 P-174-MGH 32 F Ll 0.059 .0.059 3 3 3 3 

109 1'-174-MGII 32 r L3 0.062 0.060 3 3 3 3 

110 1'-175-IJNH 61 M HI 0.031 0.026 I I I I 

Ill 1'-175-DNH 61 M Ul 0.030 0.025 I I I I 

112 1'-175-DNI! 61 M U3 0.032 0.036 2 2 I 2 

113 1'-175-DNI! 61 M T2 0.054 0.053 3 3 2 2 

114 P-175-DNII 61 M Ll 0.034 0.034 2 2 I I 

115 1'-175-IJNII 61 M L2 0.050 0.046 2 2 2 2 
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I .)'" (mm) s·"(mm) k-t\'l~ans k-r-..tcan:-. FU-1 Fnl I '0,' {) Patient Age GcndLT Region 
I st Asrn :?nd Asm 1st Asm "nd Asm I st :\:-;m "~nd .. \sn1 

llh P-176-\H).-\ 33 \I L'3 0_033 0.029 2 I I I 

117 P-176-i\10.:\ 33 \I U..J 0.033 0.029 2 I I I 

118 P-176-:vlDA 33 ,\1 L:? 0.012 0.016 I I I I 

IJY P-176-\:10.:\ 33 !\! L3 0.03 I 0.030 I I I I 

120 P-177-MIID -!-! M HI 0.030 0.036 I 2 I 2 

121 P-177-MI!D -!-! M U2 0.061 0.063 3 3 ) ) 

122 P-177-MHD 44 ~I U3 0.067 0.062 3 3 3 3 

123 P-177-MIID H \I T5 0.062 0.065 3 3 3 
-~ 

I 12-J P-177-\IIID H \I 1.1 0.056 0.061 -' ·' 2 ) 

125 P-177-~IHIJ -!4 ~J L2 0.053 0.048 3 2 2 2 
-- . -
126 P-177-\IIIIJ -!-! M lA 0.0-! I 0.0-!0 2 2 2 2 

I'' _, P-177-MIID 4-! M L6 0.086 0.080 -! 3 3 3 I 

128 P-177-\IIIIJ -!-! \I L7 0.066 0.070 -' 3 3 3 

. 129 P-178-YRI. 28 I Ill 0.032 0.036 2 2 I 2 

uo P-178-YRI. 28 F lJI O.OH 0.039 2 2 I 2 

I J I 1'-178-YRL 28 I lJ2 0.0-!9 0.044 2 2 2 2 

"132 P-178-YRI. 28 F LJ3 0.036 0.041 2 2 2 2 
·f-----

133 1'-178- YRI. 28 F Tl 0.112 0.114 4 4 -! -! 
- -·-r---

13-J 1'-178-YRL 28 F T3 0.082 0.081 3 3 3 ~ ·--~ -
J~j P-17X-YRL 28 F Ll 0.039 0.0-!2 

, 
2 

, 
- - -

----
136 1'-178-YRL 28 F L2 O.D35 0.037 2 2 2 2 

137 J'-178-YRL 28 F IJ 0.037 0.039 2 2 2 2 

138 P-178-YRL 28 F L6 0.034 0.029 2 I I I 

139 P-179-AMI 30 F Ill 0.024 0.031 I I I I 
-~ 

1-!0 P-179-AMI JO F lJ2 0.028 0.025 I I I I 
-- ··-

141 P-179-AMI 30 F lJ3 0.056 0.052 3 3 2 2 
-

J..J2 P-179-AMI 30 F T2 0.041 0.036 2 2 2'· 2 

143 P-179-AMI 30 F Ll 0.039 0.036 2 2 2 2 

144 P-179-AMI 30 F L2 0.044 0.046 2 2 2 2 

1-!5 P-180-SLV 64 M U2 0.077 0.073 3 3 3 3 

146 P-180-SLV 64 M LJ4 0.094 .0.090 4 4 3 3 

147 P-180-SLV 64 M. . U5 0.047 0.048 2 2 2 2 -
148 P-180-SI.V 64 M Tl 0.050 0.051 2 3 2 2 

149 P-180-SL V 64 M Tl 0.071 0.065 3 3 3 3 
1--· 

150 P-180-SLV 64 M Tl 0.080 0.085 3 4 3 3 

l.:'il P-! 80-SL V 64 M T2 0.061 0.066 3 3 3 3 

152 P-180-SLV 64 M T3 0.071 0.075 3 3 3 3 
-r--

I 'i l 1'-180-SI.V 64 M T4 0.074 oms 3 3 3 3 
1--- ··-

15-+ P-180-SLV M M T5 0.112 0.106 4 4 4 tl --· 
15.5 P-180-SLV 64 lVI 1"6 0.069 0.076 3 3 3 
-'-- ___ __!_.__ 
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I I S,,(mm) Sa(mm) k-~-kans ..\-!\·leans FCM IT~I 
~0 Patient Age Gender Region 

1st Asm 2nd Asm lstAsm 2nd Asm 1st Asm 2nd Asm 

156 1'-180-SL\' 6~ 'I T7 0.050 ·0.0~7 2 2 2 2 

!57 P-1811-SL\. 6~ \I T8 0.056 0.051 3 3 2 2 

I:'X 1'-180-SL\' 6~ ~I 1.1 0.0~3 0.0~2 2 2 2 2 

159 1'-180-SL\' 6+ ivt 1.1 0.038 0.041 2 2 2 2 

160 P-1811-SLV 6+ i'v1 1.1 0.036 0.040 2 2 2 2 

161 1'-180-SI.\' 6~ 1VI L2 0.039 0.032 2 2 2 I 

16~ P-180-SLV 6~ M L3 0.030 0.030 I I I I 

163 1'-180-SL\' 6~ M L5 0.076 0.079 3 3 3 3 

16-1 1'-1811-SLV 6~ \I L6 0.050 0.05~ 2 3 2 2 

165 1'-181-NKR 55 \I Ill 0.020 0.023 I I I I 

166 1'-181-NKR 55 M U2 0.018 0.020 I I I I 

J(l7 1'-181-NKR 55 M Tl 0.033 O.OH 2 2 I I 

16X 1'-181-NKR 55 'I T2 0.0~8 0.051· 2 3 2 2 

\6'J 1'-181-NKR 55 M T3 0.019 0.022 I I I . f 

170 1'-181-NKR 55 \I n 0.031 '0.031 I I 1 I 

171 P-181-NKR 55 M T5 0.018 0.017 I I I I 

172 1'-181-NKR 55 M T6 0.032 0.037 2 2 I 2 

173 P-181-NKR 55 M T7 0.029 0.029 I I I I 

174 1'-181-NKR 55 M L1 0.026 0.025 I I I I 

175 P-181-NKR 55 M L2 0.022 0.015 I I I I 

176 1'-181-NKR 55 M L3 0.025 0.032 I 2 I I 

177 P-181-NKR 55 M lA 0.031 0.035 I 2 I 2 

178 1'-182-\\'SS 68 M Ul 0.025 0.025 I I I I 

179 P-182-WSS 68 M U2 0.029 0.033 I 2 I I 

180 1'-182-WSS 68 M Tl 0.050 0.045 2 2 2 2 

181 1'-182-WSS 68 M T3 0.017 0.021 I I I I 

1~2 1'-182-WSS 68 M T4 0.022 O.Q25 I I I I' 

183 P-182-WSS 68 M T5 0.060 0.060 3 3 3 3 

184 P-182-WSS 68 M T6 0.041 0.040 2 2 2 2 

185 1'-182-\\'SS 68 M Ll 0.029 0.030 I I I I. 

186 P-182-WSS 68 M L2 0.028 0.027 I I I I 

187 1'-183-NRM 64 M Tl 0.040 0.036 2 2 2 2 

188 P-183-NRM 6~ M T4 0.052 0.050 3 2 2 2 

189 P-183-NRM 64 M Ll 0.060 0.059 3 3 3 3 

190 P-183-NRM 6+ M L2 0.038 0.036 2 2 2 2 

191 P-183-NRM 64 M L3 0.028 0.029 I I I I 

192 P-185-LHM 71 M HI 0.025 0.027 I I I I 

193 P-185-LHM 71 M U2 0.046 0.044 2 2 2 2 

19~ 1'-185-LilM 71 M T2 0.036 O.Q35 2 2 2 2 

195 1'-185-LHM 71 M T3 0.033 0.028 2 I I I 
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7\o Patknt Age Gender Region 
.s:,(mm) s~ (mm) k-rvtcans k-tvleans FCM FC~I 

JstAsm 2nd Asm 1st Asm 2nd Asm 1st Asm 2nd Asm 

\96 1'-185-LII'I 71 !\I Ll 0.049 0.046 2 2 2 2 

197 1'-185-LH!\1 71 !\I L~ 0.033 0.031 2 I I I 

198 P-185-LHM 71 M L3 0.032 0.034 2 2 I I 

199 P-184-RTV 28 F HI 0.087 0.084 -1 -1 3 3 

200 1'-184-RTV 28 F U3 0.065 0.071 3 3 3 3 

201 P-184-RTV 28 F Tl 0.124 0.129 -1 4 -1 -1 

202 1'-184-RTV 28 F 14 0.111 0.114 4 4 -1 4 

203 1'-18-l-RT\' 28 F 15 0.158 0.160 4 4 4 4 

20-1- P-184-RT\' 28 F T8 0.068 0.074 3 3 3 3 

205 1'-184-R IY 28 F 19 0.182 0.184 4 4 4 4 

206 1'-184-RTV 28 F I L2 0.037- 0.038 2 2 2 2 
·--

207 1'-18-l-R I'V 28 F 1.4 0.072 0.069 3 3 3 3 

20H 1'-184-R IV 28 I L5 0.035· ·0.03-l 2 2 2 I 

20Q P-184-RT\' 28 F L6 0.057 . 0.056 3 -' 3 2 
--

210 1'-184-RTV 28 F L7 0.033 0.033 2 2 I I 

211 1'-184-R IV 28 I' L9 0.056 0.054 3 3 2 2 

212 1'-186-HSM 52 M HI 0.027 0.021 I I I I 

213 1'-186-IISM 52 M lil 0.044 0.0-14 2 2 2 2 

21-1- P-1 X6-l ISrvt 52 M ll3 (1.(135 0.035 2 2 2 2 
r-----

'1" P-1X6-IIS:-...1 52 ,\I Tl 0.039 0.036 2 2 2 2 

~;, 1'-186-IISM 52 M n 0.037 0.035 2 2 2 2 

217 P-186-IISM 52 M T3 0.035 0.03-l 2 2 2 I 

218 P-186-IISM 52 M Ll 0.056 0.053 3 3 2 2 

219 1'-186-IISM 52 M L2 0.036 0.039 2 2 2 2 

220 P-186-HSM 52 M L3 0.043 0.045 2 2 2 2 

211 P-18fi-HSM 52 M U2 0.041 _0.036 2 2 2 2 

212 1'-186-HSM 52 M U3 0.037 -0.035 2 2 2 2 

223 P-187-TLC 31 F U4 0.052 0.046 3 2 2 2 

224 1'-187-TLC: 31 F T4 0.048 .0.048 2 2 2 2 

225 1'-187-TLC 31 r Ll 0.040 0.039 2 2 2 2 

226 1'-187-TLC 31 F L3 0.047 0.042 2 2 2 2 

227 P-187-TLC 31 F L4 O.o35 0.040 2 2 2 2 

228 P-187-TLC: 31 F L6 0.041 0.043 2 2 2 2 

229 P-187-TLC 31 F L7 0.079 0.073 3 3 3 3 

230 P-188-MN.I 28 M U3 0.032 0.031 2 I I I 

231 P--188--MN.I 28 M Tl 0.040 0.041 2 2 2 2 ---
232 P-188-MN.I 28 M T3 0.039 0.043 2 2 2 2 

233 P-188-MN.I 28 M 14 0.026 0.031 I I I I 

234 P-1 X8-MNJ 28 M T5 0.039 0.038 2 2 2 2 
---- ---

235 1'--188-MN.I 28 M L2 0.021 0.023 I I I I 
--· ---- -----
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0io Pati~nt Ag~ G~nder Region 
S,,(mm) S'"(mm) k-~·kans k-~kans FGI FCM 
1st Asm 2nd Asm btAsm 2nd A.sm lstAsm 2nd Asm 

236 1'-1 89-~IYM N ~I Tl 0.020 0.021 I I I I 

7'" __ l I 1'-189-,IY~I N M T3 0.073 O.D75 3 3 3 3 

23W 1'-1 R9-:.IYM 7~ ~I n 0.021 0.021 I I I I 

239 1'-1 89-Mnl 74 M T5 0.017 0.017 I I I I 

2.t0 1'-189-MYM 7~ M T8 0.019 0.017 I I I I 

2~1 1'-1 X9-MYM N M T9 0.022 O.D25 I I I I 

2~2 1'-190-0iv!R 28 M HI O.D38 0.033 2 2 2 I 

243 1'-190-0MR 28 M Ul 0.130 0.129 4 4 4 4 

2~4 I' 1'-190-0\ IR 28 ~I Ul 0.101 0.096 ~ 4 4 3 

2-15 1'-190-0MR 28 M U4 0.141 .0.138 4 4 4 4 

~46 1'-190-0"IR 28 ~I us 0.054 O.ll60 3 3 2 3 

247 1'-190-0MR 28 M Tl 0.113 0.115 4 4 4 4 

1 248 1'-190-0MR 28 M Tl 0.119 0.120 4 4 4 4 

~49 P-190-0\IR 28 M T2 0.100 0.101 4 4 4 4 

~50 1'-190-0MR 28 i\·1 T2 0.182 0.187 4 4 4 4 

251 1'-190-0MR 28 M T2 0.139 0.142 4 4 4 4 

252 1'-190-0MR 28 M T2 0.137 0.131 4 4 4 4 

253 1'-190-0MR 28 M T3 0.055 0.055 3 3 2 2 

25-l 1'-190-0MR 28 M T6 0.097 0.101 4 4 3 4 

25.5 1'-190-0~!1( 28 fvl T7 0.116 0.121 4 4 4 4 

256 1'-190-0MR 28 M T8 0.081 0.081 3 3 3 3 

257 1'-I<JO-OMR 28 M Ll 0.100 0.106 4 4 4 4 

258 1'-190-0MR 28 M Ll 0.079 0.086 3 4 3 3 

254 1'-190-0MR 28 M Ll 0.112 '0.116 4 4 4 4 

2h0 1'-190-0MR 28 M Ll 0.065 0.058 3 3 3 3 

261 P-190-0MR 28 M Ll 0.101 0.099 4 4 4 4 

262 1'-190-0MR 28 M L2 ~56 0.056 3 3 2 2 

263 1'-190-0MR 28 M L2 0.100 0.106 4 4 4 4 

26-l 1'-190-0MR 28 M L3 0.056 0.063 3 3 2 3 

265 1'-190-0MR 28 M L5 0.069 0.073 3 3 3 3 

266 1'-190-0MR 28 M L6 0.072 0.078 3 3 3 3 

267 1'-190-0MR 28 M L9 0.096 0.099 4 4 3 4 

268 1'-191-ALD 56 M HI 0.035 0.039 2 2 2 2 

26lJ 1'-191-ALD 56 M Tl 0.039 0.037 2 2 2 2 

270 P-191-ALD 56 M T2 0.031 0.033 I 2 I I 

271 P-191-ALD 56 M T3 0.033 0.036 2 2 I 2 

272 P-191-ALD 56 M Ll 0.045 0.050 2 2 2 2 

273 P-191-ALD 56 M L4 0.055 0.058 3 3 ~ 3 

274 P-192-MTA 52 M HI 0.039 0.043 2 2 2 2 

275 1'-192-MTA 52 M Ul 0.045 0.041 2 2 2 2 
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No Patient :\ge Gemkr Region 
Su(lllm) 5,,{mm) k-tvkans k-rvlcans IC~I FCM 
lstAsm 2nd Asm 1st Asm 2nd Asm IS{ £\S!ll 1 nd Asm 

' 276 P-192-\IT:\ 52 ~I L:J 0.050 0.0~~ 2 2 2 2 

0-7 _/, P-192-~IT.-\ 52 \I T2 0.026 0.025 I I I I 

278 P-192-Ml A 52 ivl r3 0.0~7 0.050 2 2 2 2 

279 P-192-MTA 52 ~I n O.OH 0.0~2 2 2 2 2 

2XO P-192-fvtTA 52 M T5 0.045 0.052 2 3 2 2 

281 P-192-I\.·ITA 52 i\·1 Ll 0.065 0.066 3 3 3 3 

282 P-192-rvn A 52 M L2 0.02R 0.029 I I I I 

283 P-192-MTA 52 t-1 1.4 0.029 0.033 I 2 I I 

2X..t 1'-192-~11 .-\ 52 ~I 1.5 0.029 0.033 I 2 I I 

285 P-193-UKY 50 r i Ill 0.028 0.025 I I I I 

286 P-193-UKY 50 F l :2 0.0~2 0.03.7 2 2 2 2 

2X7 P-193-liKY 50 F II 0.031 0.028 I I I I 

288 P-I 93-UKY 50 F T2 0.042 0.037 2 1 2 2 

2X9 1'-14~-1 q...;_y 50 r 1.2 0.027 0.031 I 1 I I 

290 P-193-LJK Y 50 F 1.3 0.047 0.054 2 3 2 2 

2()1 P-193-l.JK'{ 50 F L6 0.029 0.024 I I I I 

292 1'-194-ZIIN 34 M Ill 0.114 0.109 4 4 ~ 4 ·--
293 1'-194-ZIIN 34 M lll 0.063 0.065 3 3 3 3 

294 P-19.J.-ZIIN 34 M Jll ll.086 0.083 4 3 3 3 
--

21..):' P-19..J-/J I!\ 34 \1 l !7 II 128 0. 125 4 4 4 4 ,___ 
.-

2WJ 1'-19-t-ZI IN 3..J. M U9 0.078 0.074 3 3 3 3 

297 1'-194-ZIIN 34 M Tl 0.064 0.066 3 3 3 3 
-

298 1'-194-ZIIN 34 M n 0.062 0.061 3 3 3 3 --
294 P-19..J.-/.11N 34 M 14 0.089 0.089 4 4 3 3 

]00 1'-194-ZIIN 34 M r5 0.068 0.073 3 3 3 3 
---. -- ----

301 1'-194-ZHN 34 M T6 0.067 0.066 3 3 3 3 

' 302 1'-194-ZHN 34 M T7 0.101 0.102 4 4 4 4 
-

303 1'-194-ZHN 34 M Ll 0.052 0.055 3 3 2 2 

304 1'-194-ZIIN 34 M L5 0.065 0.066 3 3 3 3 
-

305 P-195-DVM 42 F Ul 0.044 0.042 2 2 2 2 

306 1'-195-DYM 42 F Ll2 0.039 0.038 2 .2 2 2 

307 P-195-DVM 42 F !14 O.D35 0.036 2 2 2 2 
--

30X 1'-195-DVM 42 F LIS 0.043 0.039 2 2 2 2 

309 P-19)-DVM 42 F lJ6 0.043 0.036 2 2 2 2 
-

310 1'-195-DYM 42 F U7 O.D38 0.037 2 2 2 2 r----
3 II 1'-195-DYM 42 F Tl 0.067 0.065 3 3 3 -' 
312 1'-195-DYM 42 F T2 0.060 0.060 3 3 3 3 

313 P-195-DVi"vf 42 F T3 0.044 0.047 2 2 2 2 
- -------·---
314 1'-195-DVJ\1 42 I T5 0.032 11.033 2 2 I I 

f---. ··-
315~1-DVM 42 I' T6 0.039 0.034 2 2 2 2 
~- - . - " . 
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No Patient Age Gender Region 
S,(mm) s:, (mrn) 
lstAsm 2nd Asrn 

J 16 1'-195-D\'~1 42 r T9 0.029 0.030 

317 P-195-D\'~1 42 F Ll 0.047 0.043 

318 P-195-D\.\-1 42 F I. I 0.029 0.025 

319 P-195-D\'i\·1 42 F Ll 0.053 0.056 

320 P-195-D\'M 42 F L2 0.035 0.042 

321 P-195-IW~I 42 F L5 0.023 0.017 

322 P-195-DVM 42 F L6 0.046 0.049 

J.:n P-195-D\'M 42 F L7 0.072 0.072 

32-J P-195-DV~I 42 r L9 0.052 0.052 
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k-Mcans k-r-..leans 
1st Asm 2nd Asm 

I [ 

2 2 

I I 

3 3 

2 2 

I I 

2 2 

3 3 

3 3 

FCM 
lstAsm 

[ 

2 

I 

2 

2 

I 

2 

3 

2 

FCM 

.. .; . . 

2nd .-hm 
I 

2 

I 

2 

2 

I 

2 

3 

2 
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APPENDIX E: APPROVAL OF OBSERVATIONAL CLINICAL 

STUDY (NMRR -09-1 098-4863) 

NATI:lNAL INSTITUTES OF HEALTH APPROVAL FOR CONDUCTING RESEARCH 
IN THE MINISTRY OF HEALTH MALAYSIA 

PENGESAHAN INSTITUS' PENYEUDIKAN NEGARA UNTUK MENJALANKAN 
PENYEUDIKAN Dl KEMENTERIAN KESIHATAN 

~- s sa~ 2....:c cc;-.;: .... ~e· • s;e--e·a:e: c::c~--E~: ;~ s ss~e-: :-~- -:"ec• :-e ·es.ea'c,.. •"s: : ... :e ,..,;r-::e· : ... e 
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::::.::-··-·":"'E'" -.".- a:1a-:8":- Cf'~B><:.B:": ~-i:"YC:r.";:~•e_;c 5:::;~a."':.; .·;.; c·Ke:;..-EU~.r./1('; c;;e~ $C.:C'": SB:c..; _:rs; ~:..5 C :,a,•,-,:r t,~: c_rc 

."'s~-~-:e.ii c( :-ee :."' r:,:.:....r_. ,8 ::.. '"S! ;_-: Pe-:1 e-- ~.-a-: Pe•;::;a:a-: .-.1•1.:0:· F-"sa: Per:. 1 e-- [J_;.ar: f'\,-" •8 iCP.C· 
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.::::s..-,: -:s: __ : oe~_.e ::_-:a-: T '":;·:t;_r: .:~- Kes. ."a:e: _::;;K. 

j Ucm;ue N M RR 
: Reg.strahon 10 
L',-_: .... :;:,- Ps·>~A·~·a· 

! Resaan:h Tde: 

' I· -a_~ •. 

;_~~~ot.oe:o~~~bfH i1 T l available . 

l •,_, -- F ---· . ..:. . ·-"' 
'EL:::! 

---------- 1 

---L~---------------------------------------~ 

r-------------- ------------------,~---------------------~~--------
j = lnvestrg.ttor Name lrl!fifution N<llm& 

I rt-.:ame Pan~o~ehddd 

!NIH Jr-~Mutc {IMR. CRC, I PH, 
JIHM. IHSR and lHBR) 

;.··.a"".) ·~.s:_•_s. (! !'..l ... a-· .•-.- ""'-' 
l 

jStgn.ature A Offic.al stamp: 

J,-"''a·-.:.·~~.:t·';a--: ::a·- De~ 
jRa.s-- .· 

Narna ln&titust' 

·--.s ~ cc"':::.:t.:1· ~"&·a!e~ :!t<. ... ~·e·-~ 
t"e·a·~·e "'.¢ s.-~'"·.a~_:e ~ ·e:;- ·a~ 

I ',--- ---------------1--------------- -------------------------
: '-:•-<:" )Date. 
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APPENDIX F: SOURCE CODE OF SURFACE ROUGHNESS 

DETERMINATION (MATLAB CODE) 

===~=====~===========================~==================================== 

~========= FILTER Jl.ND OPEN A 3D SURFACE FILE 
~=-=-==-===============================================================~== 

c:lose all; clear all; clc; 
f2lderToBeOpened = 'C:\ ... \30 Lesion for scaliness\10'; 

read a surface file 

read 2D jpg file 
r; = lenJth(txtF~leNrnl; 

i;--~':1Yiler:rn. = t::.tr.ilel':~; 

~!wJ?ile!:::.; (l·i-L i =' j '; 
ilT:q:-'l ~dlm(IJ-l)='p'; 

imqF~l~NmfNl='g'; 

uiget:fi.ie (' "'. "CXt', 'Select the H-file'); 

c==-'--==--==~;-c=='--"''"====-"'======-================================-===========""= 

-,==--=c---==-=== End of FILTER _z;no OPEN A. 3D SURFACE FILE 
-- ---= = = === === === -= == == ==== =========== ===== ================ =============== === 

=-,=--'"'-'--==== PEJ\D 20 IMP..GE AND SEG!'-'JENT THE LESION P..PE::P.. 

I2d = imread ( (folderToBeOpened, imgFileNmJ); 
fm2U,n2DJ = size(I2d); 

'!:d; 

Normalise l 20 
iii-"""'1 :m2D 
fe:t ijjo.cl:n2D 

end; 

id = m2D - iii + 
I2dT(id,jjj, :) 

I2d = I2dT; 
cl~'":ur I2dT; 

1; 
I2d(iii, jjj,:) 

figNameStr = ('File Harne ', imgFileNm]; 
figure('Name',figNameStr) 

i::r.sh-:;1-: ', I2d); 
-f..PW; x, ~-) = roipol:y·; 
cl0se1figNameStr); 

mint-: 
max X 

round{min(min(x)) 
round(max(max(x) )) 

LOulld (min (mln ( y) ) ) 

round(max(max(y))) 

fiqure,imshow(I2d(minY:maxY,minX:maxX, :)) ; 
==-=-================================================================= 
========== End of READ 2D IMAGE AND SEGNENT THE LESION AREA 
==================================================================== 
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-~==~=~~====================~=======~===========~===============--

~~~e f_le is ab:ained ~rom 

~n.::_t:-: h(l,ll; 
:1eh;X =-- :cl!J; 
!>J = l; 
'.~·.bile initX 

N = N + l; 
(>• 1' 

. . ''' ~ . 
,_-,r.o; 
J.l = -]-_; - _l' 

jengthA = lPngthiA); 
I-' - lengthA/N; 

'.' r l c-: : i·l 

Cr<:o.ate Y matrix 
fen: i--1 :1'1 

r:nd; 

1 dx = 1 
j'i'...rr .: _i 

(i-l)*N; 

A{idx,2_1; 

f··; t J o..l : 10 

.:_. 1 , : , _1 1 = yAr r; 
end; 

Create Z matrix 

f:-:r _i.-=-1 :~·1 

fer J'~J:N 

end; 

i dx.J; = i dxA + 1; 
·I.Zij,j\ = _A(i.rlx.l'.,'3); 

==='---'==-o==== End of READ TXT FILE AND CONVER'f IT INTO A SURFACE f\'iATRIX -~=-

= ==~o --=·- = --- --==='---= ===== ==== ---""===-== ============= ====== ========~ ==-

~--o-o===~=~-= Sl-J•lPLE THE LESIOtl J'>.REA FROJvl 3D SURFACE DATP, =======~=====--'---==-

k = 1; 
mi nXSc 
maxX::>=: 

minYSc 
m0.xYSc 

~ for the highest resolution, imaqe size 480 x 640 pixels 
rcund { k~-minX) ; 
Lound ( k*maxX); 

round! k*minY1 ; 
round ( k *maxY) 

x~r~I.X{minYSc:maxYSc, minXSc:maxXSc); 
·rcr--1. YIn,, l!·:·_sc :naxYSc, minXSc :maxXSc); 
Zcr-!. ~ 1 minYSc: maxYSc, minXSc :maxXSc) 

T). :x: 
1 ;_ . { 

·;: r: r ; 

Y.cr; 
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12.2 = Zcr; 

sn'cFlGt (1, 2, l), imshc·tv{I2d); 
subplot {1,2,2), im.shCh'(I.Z, []); 

subplot ( 1, 2, 1), irr.shm; ( I2d (rr,inY :maxY, minX :maxX, : J) ; 

.::'-.<t:~·l·:Jtll,2,2), .:_ms-lco"~···~:::2.Z, [J); · 

~=~========~============================================================= 

="""'======== End cf SP..J·lPLE THE LESION AREA FROt-1 3D SURFACE UATP. =========== 
==========~===============================-=-===========================-

==========~============================================================== 

========== DIVIDE THE SAI1PLE INTO 4 SUB-DIVIDED SURFACES ================ 

[i-~,;;, = size(I2.Zl; 

mn ~ fl_~0r(M/ncDiv); 

r:U - floor (N/noDi vl; 

c~J(i) =:- 1 -r \i-l).'nU; 

j rl.:--:Sd 0; 
fc;c i=l: (noDiv) 

for j=1: (noDiv) 

Pf d; 

f iqJJre, 

idxSd = idxSd + 1; 
I2sDiv(idxSdl .X 
I2sDi·v'(idxSd). Y 
I.:::sUiv·(idxSciJ .2 

I2.X(ci(i} 
I2."Y(ci(i): 
IL:.Z(cl(i): 

(ci (il+mD-l},cJ(j}: (cJ(j}+nD-11 I; 
(ci (i) +mO-l), cJ(j): (cJ(j) +nD-1) l; 
(cl (i) +mD-1), cJ(j): (cJ(j) +nD-1)); 

·~•Jf-.t=·l·:>t(2,2'"n0~i'l,l_\, imshow(I2sDiv(l).Z,[]J; 
;o·.~1~T-1·-:::,t(2,2*n0Di·;,2), imshcH{I2sDiv{2) .Z, [] J; 
c,1Jhplot(2,2'"noDi•;,5), imshoH{I2sDiv(3).Z,[]); 
s'-lbplot(:C:,2'"noDi·-.l,6), imshcnv(I2sDiv(4).Z,[]); 

.S 1Jbf·lot (2,2'*'noDiv,3), surf(I2sDiv(l) .X,I2sDiv(l} .Y,I2sDiv(l) .2); 
j -:l:-:=1; . 

miX min(min(I2sDiv(idx) .X)); 
m:.-;X max{max(I2sDiv(idx) .X)); 
~iY = min(min(l2sDiv(idx) .Y)); 
rnxY max(:rnax(I2sDiv(idx).Yi); 
mlZ min\min(I2sDiv(idx) .Z) ); 
m:.:Z = max(max(I2sDiv(idx) .Z)); 
a:ds ((miX m.xX rniY mxY miZ mxZ]) 

:o·--'.t;:l::t(2,2*nc0iv,4), surf{I2sDi·.I(2) .X,I2sD'iv(2) .Y,I2sDiv(2) .Z); 
id;.:=2; 
miX min(min(I2sDiv(idx) .X)); 
mxX max(max(I2sDiv(idx) .X)); 
miY min{min(I2sDiv(idx) .Y)); 
rnxY max(:rnax(I2sDjv(idx) .Y);; 
miZ min(min(I2sDiv(idx) .Z)}; 
mxZ max(max(I2sDiv(idx) .Z)); 
axis ( [miX mxX mi Y mxY miZ mxZ]) 

subplot(2,2*noDiv,7), surf(I2sDiv(3) .X,I2sDiv(3) .Y,I2sDiv(3) .Z); 
idx=3; 
miX= min(min(I2sDiv(idx) .X)); 
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~~· n.~n;rn~n·I2sDi~(idx· .Yi 
r::laxirna.;-:;I2sCi'.-.:i8.:-:J .·::.·\ 1; 

mi> ~ rc.n·:rr.inii2.sDi\·(id:-: .z: ·,; 

r.t.:.X -'-- rn.in(rnin ii2sDiv,:idz;. .X)}; 
r-._;-:"·- mux 1 rr,a.x ( I2sDi_ v ( idx ~ . ).: ! >; 

Mi~ min\min(I2sDiv(idxl .Y~ 1 , 

rt.:>:Y :na.x(t:"3.x(I2sD.::_-._-(icix).Y;); 

rr:jZ min~:min(I2sDiv(idx) .Z)); 

Tf:·2 !:l2.'\ilTkL.(I2sL).iTJ(idx) .2)); 

--~---=~==~====~============-===============~======~=~~-

F-CJi=>.cc = 0; 
f!sqA.cl: ----o U; 

!cr 1Sd'--l: rncDi·.;"'21 

·~; 

~~·l,N]----' size(l2sDi·J(jSd).Z); 

>: - l.?sLli\-'(iSdl .X{1 :M,l:N); 
Y J2sDiv(iSdl .Y(l:t•l,l:N); 

T.2..s!•i,r(iSdi .Z!l:M,l:N); 

Gi~e A ~eaJ Surface 
ru-... ;ldx = 1j; 

f~r i=l:M ~noDivSp 

r.cnd; 

fer j=l:l1 inoDivSp 

end; 

X\· X(i,j); 

Y·.r Y ( i, j) ; 
Zv Zli,j); 

nYv = 2; 
V(rowldx, 1) 

"i/(rowidx,-2) 
V ( rO\---'ldx, 3 l 

n·f·J = 1; 

\7 ( rowidx, 4) 
V(rowidx,5) 
\7-(--rowidx, 6) 

nYv = 0; 
\'I rov;Idx, 7) 
V ( r·owidx, 8) 
\;(roHidx, 9) 

Q(ro\vidx, 1) 

(Xv"'2) * (Yv"'nYv); 

(Xv"'l) * (Yv"'nYv); 
(XvAQ) * (YVAnYv); 

(Xv"'2) * (YvAnYv); 

- (Xv'"l l * (Yv"nYv); 
(XvAQ)*(YvAnYV); 

(Xv":2J * (YvAnYv) 
(XvAl) * (Yv"nYv) 
(Xv"'O)*(YvAn.Yv) 

Zv; 

.Kec_:on s t_ rue t 
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2cc 
Zcc 

Zcc + cf(l)*(X."2).*(Y."nYv); 
Zcc + cf:t21*(X."'l).*I.Y."'.r;.Yv); 

z.~..... Zcc + cf(3)*(X."'O).*(Y."·n.Yv); 

1; 
Zcc 
Zcc Zcc + cf(Sl*(X."'l).*(Y."ri.Yv); 

Z c c z c c + c f ( 6) * (X. "0) . * ( y. "n Y\T J ; 

nYv 0; 
Zcc Zcc + cf(7)*(X."2}.*(Y."nYv}; 
Zcc Zcc + cf(S)*(X."l).*(Y."nYv); 
Zcc Zcc + cf(9)*(X."0) .*(Y."nYv)'; 

err = a.bs 1 z-zr:1; 

Ra =- mean(mean(err)}; 
mP-anZ 
S2tc-.l 
S.Serr 

m~an (mean ( Z) ) ; 

S'.lfl'1.1,sum{ (Z-meanZ) ."2)); 
sum(sum! (Z-Zr). "2)); 

- ~S.3err/2.Stct); 

R~q 2nd(lSd) - Rsq; 

if dnd(Rsq 2nd(lSdl>=0.90,Rsq 2nd(iSd)<=l.O) 
noOfAcceptedFitting = no0£AcceptedFitting + 1; 
HaAcc = RaAcc + Ra_2nd(iSd); 
HsqAcc = RsqAcc + Rsq 2nd ( iSd) ; 

~nd; 

Efl<i; 

Pa 2nd Final = NaN; 
Rsq 2Jid Final ~ NaN; 

i :· :Jr·t]fJ.;.z-.~>:>ptt::dFi ttir1·;pO 
?,:'- _ 2.r;:i . Fi ,,c,J ~- F<' .::.Ace I noOf.l\cceptedFi t t ing; 
R sq~ 2nd t-inal = R.sqAcc /noOfAcceptedFi t t ing; 

ResMat(l,l) =Fa 2nd Final; 
Re:::;~1a. t ( l, 2) = ?sq 2nd Final; 

-===========================-=-========================================== 
'--'========= End of APPLY 2nd ORDER SURFACE FITTING TO EXTRACT ROUGHNESS == 

~ =============================~================~=============~=========== 

~~~~~~~~~~ APPLY Jrd ORDER SURFACE FITTING TO EXTRACT ROUGHNESS ~~~~~~~~~ 
='-'=========================~~~==~~======~================================ 

~~Of~cceptedFitting = 0; 
HaAcc ~ 0; 
FsqAcc == 0; 
for iSd=l: (noDiv"2) 

[I"l,N] == size(I2sOiv(iSd) .Z); 

X I2sDiv(iSd) .X(l:M,l:N); 
Y I2sDiv(iSd).Y(l:M,l:N); 
Z I2sDiv(iSd).Z(l:M,l:N); 

%~%%%%%%%%%%% Give A Real Surface %%%%%~%%%%%%%%%%% 
rovJidx = 0; 
for i=l:M %noDivSp 
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rcwldx = r2wid~- 1; 

end; 

>:~,c X(i,j); 
"'{•1 Y ( i I j) i 

nYv = 3; 
""(rCJwidx, ::.1 
'l(ro·didx,2) 
\.7 (rcn-.;Idx, 3) 
V : . .:G'>'~ldx, 4 ;-

nY·I = 2; 
V ,;ro-.vicix, 5) 
V ( rmvidx, 6) 

._,: :-:::•.-;Iciz, i' 

V ( rov.;Idx, 5 J 

nYv = l; 

~.rmvidz, :j) 

- ·.·. 

V(roHidx,J3) 
V(n:;'~-'Idx,l4) 

\·'(ro'v!Idx, 15) 

'/(ruwidx,l6J 

0! rmvldx, 1 :• 

_",'< \·'-- ' •·"v'; 

·-:" p.::_r: ·.'t-·:'j *':''*Q; 

(X·. "2} ~ --~··:·':.':.--.~) 

(Z'. "l) * !Y~r"n·{-,;); 
(X·v---·(:)"' ~-t-~.r'r'.':{v); 

\X'.-"3) * iY·,;"'nYv); 
(Xv"2)-.- (Yv"'nY~.r); 

(X·v·"3.1 * (Y"v"~T,Yv); 
::Z•;~,c_: ... ;·{~_-'r,·~·-._-, 

Zv; 

'Y-- '",.,~A:--.·,:·; 

(Xv···J;,"' (Yv"nYv); 

(Xv"2) ·* (Yv"nYv); 

(Xv"'l) * (Yv"'nYv); 

(Xv-''0) "(Yv"nYv); 

Reconstruct 
Zcc C•; 

Zcc - !.cc + cf(l) * (X,"3) .*(Y.""nYvJ; 

Zc-c - 6cc + cf (2) *(X. _.._2). * (Y. -'·nY· .. ·); 

ZCI~ uCC t cf!3)*(Z."l).*(Y.''nY·,:-); 

Zcc Zcc + cf(4)+(X."-0) .+(Y."nYv); 

nY\t ~ 2; 
Zcc Zcc + cfi5)*(X."'3).*(Y."'nYv); 
Zcc ?.cc + cf(6l*(X."2) .*(Y."'nYvJ; 

Zcc Zr:::r_~ + cf(7)*(X."l).*(Y."nYv); 

Zcc Zcc + cf(8)*\X."O).*(Y."'nYvl; 

nY'~· ~ l; 
2:<:>: - :C:cc + cf (9) * {X.-A3.\ .... (Y. "t-~.Yv); 

Zcc = Zcc + cf(10)*(X."2).*(Y."nYv); 
zcc ?.cc + cf(ll)*(X."'l),*(Y."'nYv); 

Zcc Zcc + cf~12)*(X."O).*(Y ..... nYv); 

nY'"- - G; 

Zcc Zcc + cfil3)*(X ..... 3) .* (Y."'nYv); 
Zc:c - Zcc + cf 14)~-(X."'2).*(Y."nYvJ; 

Zc<~ -_ Zcc -r cf 15)*(X."'ll.,"'(Y."'nYv); 
z.,:;c /c + cf J6J+(Y.."'0).*(Y."'nYv); 

Of l - i-ll- '-i ( !__ -~ L i 

203 



Ra = mean (mean (err)); 

meanZ mean(mean(Z)); 
SStot 5'-.::.In(sum( (Z-meanZ). "'2}); 
SSerr sum(S'Jm( (Z-Zrl ."2)); 

~sq 1 (SSerr/SStot); 

Ra_3rd(iSd) 
Rsq 3rd(iSdJ 

Ra; 
Rsq; 

if and(Rsq_3rd(iSd)>=0.90,Rsq_3rd(iSd)<=l.O) 
noOf.l\.ccep-:edfi t ting = noOf.D..cceptedFi tting + 1; 
P.aAcc = Ra;>,cc + Ra_3rd 1 iSd}; 
P.sq.~cc Rsq.l:l..cc + Rsq_3rd(iSd); 

end; 
end; 

=~ __ j Flnal = IJaN; 
~~C! ~rd fir1al = !~aN; 

if ::s·OfAcceptedFi tting>O 
Pa 3rd Flnal = Rahcc/ncof;..cceptedFl tt1ng; 
Rsq 3rd Final Fsq~c:c/r:cOfF~cceptedFitting; 

cr: j; 

Hesnat{2,2) = Rsq 3rd F1nal; 

~========= End of APPLY 3rd ORDER SURFACE FITTING TO EXTRACT ROUGHNESS == 

~~~=====~===================~===========================================~ 

=----=-=c-o-==-="-" SELECT THE BE::JT Ha Eh.SED ON ITS Rsq ====.'"'==========="========== 

Ps,:JEax = max (ResHat (:, 2)); 
idxK.::~ = find(P.esr1atr:,2J==RsqNax); 
R0Final = ResMat(idxRa(l),l); 
d~ sp 1.( ',n,_~erage roughness is ', num2str (F.aFinalJ,' nun')); 
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APPENDIX G: SOURCE CODE OF CLUSTERING (FCM) 

IMPLEMENTATION FOR SCORING SCALINESS (MATLAB CODE) 

close all; 
clear all; 
cL; 

-=~=========~====~====~=-~~~=--==-==~====~=~=======~~===-==~=====----

L:=:,d t.ca::..:Jiflg dataset tc .b\_::ilci ·=:lu.stering s~istern based en f'Cf-1 alq--:: . .:::-"-'-i!:T .. 
:TH 2s appli""d to cl,J.scer t!-',is coG.bin'2ci. ctatc...sct. 
~==~-,==~=====-============--=-===-=======--======~======-~====-=-------

lce:d ( '·::::: .. \xData.mat' i; 

~=~====== Membership degrees initialisation based on training datasPt 

l 1 i;;space (rli n (L ': ,maz (L), 9); 

.sL sort (LJ; 
cFH_i ~ ?11 '1; 

f0: 1 = l:length(sL) 

,. -= sL(i/; 

score 1 
cPt=P{2); 

if Lv<cPt 
mDl{i,l) 

end; 
if Lv=~cPt 

(J/(cPt-cPMi)l*(Lv-cFMi) 

mDl(i,l) 1; 
end; 
if Lv>cPt 

mDl(i,l) 
end; 

eFt= P(4J; 
if Lv<cPt 

mD2 (i,ll 
end; 
if Lv==cFt 

(-1/ (cPMx-cPt) J * (Lv-cPt) + :].; 

11/ (cPt~c.Pt1i)) * {Lv~cPMi) 

m02(i,l) 1; 
end; 
if Lv>c:E-'t 

mL2:~,l; 

<:end; 

::OCC_!l ( 

:'-J! rcP!'-1z--'-~p;~)) * (l,v-c:Pt.l 
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• 

•.::Pt == P ( 6J; 
j_f Lc-<cPt 

i7:D3(i,1) (1/ (cP-r-cPNi)) * (Lv-cPMi) 
end; 
if L-,·==cPt 

mD3 1 i, 1:, 
end; 
if L\->cFt 

l; 

mD3(i,l) (-1/ (cPMx-cPt)) * (Lv-cPt) + 1; 

end; 

score 4 
cPt"P(8); 
if Lv<cPt 

mD4 ( i, 1) (1/ {cPt-cPNi)) * (Lv-cF!Vli); 
.:on:J; 
.if L'.'==cFt 

mD4 i i, 1 J 

end; 
1; 

if L·,:>cPt 

IT.C4Ti,1! /-1/ {cPNx-cPt)) * (L~.r-cPt,l + 1; 

figure, 
plot lsL,mDl, sL,mD2,sL,mD3, sL,mD4); 

tJ~[mD1 mD2 mD3 m04]; 

~=-==~==-======~=~====================================================~=== 

E.hifJ of Nembership degrees initialisation based on training dataset ~=== 

-~~===============================================================~==-=~ 

-=----~ '------'---==~=oo===============7============================"'-='-'====-=-===========""==-= 

k --=- 4; r•umber of cluster 
n == lew:,th (x); 

Fuzziness coefficient ~s assigned. The best values are between 1.4 and 
2.8 as mentLoned in http://fuzzines·s.org/fcm 

m = 2; 

Initialisation on objective function (OldJm), objective functio~ changes 
during the iteration (deltaJrn), and nwnber of interation (no!) 

01dJm le9,·· 
d~l taJm 
nol 

le9; 
0; 

c~""~~"~"~~~ DETERHINE MEHBERSHIP DEGREES OF CLUSTERED DATASET ~·~"~"~""""" 
-=======================================================================-

Hhile deltaJm > le-5 
nci = noi + 1; 

Centroids determination 
fen j~1:k 

A = 0; 
B " 0; 
for i=l:N 

A A + 
8 = 8 + 

(u(i,j)"'m*x(i)); 
u (i, j) "'m; 
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<?na; 
c'-';) =-c ;,, !p.; 

e :r. ~:::.; 

ph·= .;::,l(m-1/; 

fer: -1=1: Y. 
fen i==l: N 

l-·.= 0; 
fcc:: l=l:k 

.:=..c = abs i x ( i} -:: : j; ) ; 
30 = abs(x(i) - C~ll 

end; 
u(j,j) = 1/F.; 

e:;d; 

0bj~ctive function determi~a~icr; 
,Jm = 0; 
fer ~~1: t-J 

tcr ~i=l:k 

,);n =- J:':": -"- { '-1 .: i, _, 1 'T * ·: Z '· i ' -C. ' ~ 2 i 
(~nd; 

; ; 

upda~e on objective functi.cn 
delta.Jm"" abs(Jm- OldJm); 
Old.Jm = Jm; 

.shov1ing the outputs in the ccnunrJ.nd ",vindow 
JrnAinol) --= Jm; 
rl i 5 p ( 1 n um:l s t r (no I 1 , ' ', n11m:2::;t r (.Trn• j) 

tc prepare ~arne coloums cooLair1in?· ~lusl_~r ~er1trcid~ 

f,:_,r i=i:;: 
c(il.data = ones(l-l,l)*C(i); 

E:Jd; 

fi_r~,:;_lf·!"'!t lS used tc show the dataset, rr,ember.ship deqrees, c~~nt_:_roid.c;, 

ar!d sbjective function 

end; 

,JmFinaH1at = ones (N, 1) *Jm; 
finalfvlat =[]; 
finaH1at = [x u]; 
far i=l:k 

finaH1at = [finalMat c (i) .data]; 
end; 
finalHat = [finalNat JmFinalMat]; 

finalMatStruct(noi) .data= ~inalMat; 
disp('------------------------------------------'l 
disp(noi); 
dlsprfinaH1atJ 
disp (' ') 

=====-==--""= End of t·1Ef1BERSHIP DEGSEES DETERt-"JINATION ===============~===-=--''"--'= 

;-:1r run']e tlF: cnlumns uf me:nbership degrPes according Lc the c<=ontrcJi d 
CJscer:-d.inq order-

fJ')f"iitx-i lenqJ~h ( finalt-jnt.Struct); 
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finall'iatStr;Jct (noHaxi) .data; 

::.: . .r•e::.lr<st.Cata sortrc;;,,s ifinalNatDc.ta, 1); 
xJa~a = finalMatData(:,ll; 

- ~=l:~: 

i+l; i::L!-~at: i, 1) 

.i.:i:-.:!~:s.t ( i, 2) 

id.xl'Jat (i, 3! 
id:-:!'1a t ( .:!._, l) + k; 
finaltvlat:.Da,ta(l, (k+l+il); 

1?-L:i; 

sortrm-<s (idxl·'i'at, 3); 

f0r i=l_:k 
idxHatlnt = floor {idx!'v:iat2 {i)); 

mFunc{i).d = finall'-latData(:,idxrvlatint); 
·_j; 

.:s~.-:.!::-i·.l.-:o =- sort:lC!; 

x -'"" xData; 
"',::·: c<cin(xData) 
n·;.: ;na?:I::Data);. 

1~'r •_!1"'? me:-rtb.:or::;hip degrees-.cf. clustered dataset into a ga'JSslan fu!"'.ct:.<Jr, 
Mjtlab provides following G~~sslan functions 

·~;aussl 

gauss2 
GdUSS3 

b3} lc3'' "'2) 

•Jd.U.S.S•: 

l_ ; - 'J I -"-I 

EQUATION 
y 
y 

y 

al'exp(- ( (x-bl) /cl) '21 
al *exp (- ( (x-bl) /cl) "'2) +a2*exp (- ( (x-b2) /c2) "'2) 
al*exp(- ( (x-bl) /cl) "'2) + ... +a3*exp{- ( (x-

Y = al*exp(-( (x-bl)/cl)'"2)+ ... +a8*exp(-((x-

F"i o-_ t.h8 mF.mbership degrees of clustered dataset to obtain k (nu&T..ber e,.f 
--Juster) gaussian 
f~nctions. The function coefficients an1 the fitting performance 
pa.rameters are stored 
lfl ciunCls(i) .data ~nd rsquareCls(i) .data respectively. 

trJr i=l:k 
y = mFunc ( i) . d; 
fcfun, rsquare] = fit(X,y 1 'gauss2'); 
cfunCls(i) .data= cfun; 
rsquareCls(i) .data= rsquar~; 

end; 
~===============================================~========================= 

~~~~~~~~~~~~ End of CONSTRUCTION ON MEMBERSHIP FUNCTIONS ~~~~~~~~~~~~~~~~~ 
==~====================================================================== 

==F~====================================================================== 

==== SHOW THE CLUSTERED DATASET AND ITS MEMBERSHIP. FUNCTIONS IN THE PLS·T = 

=======~~================================================================= 

figure, 
subplot ( 211) ; 
for i~l:k. 

plotixData, mFunc(i} .d) 
hold all 

end; 
gci.d on 
axis! [miX mxX 0 1.2]); 
labelFontSize = 12; 
xlabel ( 'Scaliness (nun) •, 'FontSize' 1 labelFontSize 1 • fontweight', 'b') 
ylabAl ( 'Nembership degree' 1 'FontSize' 1 labelFontSize, • font weight' 1 'b') 
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Litlet'~embership degree of clus~e~ed 
ci-3 L·:>set ' , 'Font Si .::e' , label ::'=.r: t:S i ze, 'f::::n "('.·!eight: ' , 't' ) 

.:oubpl::>t: 1212 •; 

fitR sq ~ rsquareCls(i) .data.rsquare; 

if fitR sq >~ 0. 9 
cl cfunCls (i) .data..al; 
:01 cfunCls ( i) .data.bl; 
cl cfunCls I il .data.cl; 

a2 cfunCls I 1 I .data.a2; 
b2. cf'J!,Cls -~ i) .data .!::2; 
;:::.:: ~ c:ur:~:i..s ( i J .aacs..cL; 

f i :_ tedf'1emFunc al*exp(-f(xC':-bl)/cl,l "'2) .,._ a2*cxp{- (Y.C-C2)/c/.) '-i 

·~ :-.. -j; 

plctT~tle 

L-,r i--'--l:k 
'. 

tVal = [ 1 C(',num2str(i),')= ',num2st.r(cent:roids(i) 
plctTitle = [plotTitle tVal] 

'·nd; 
t.ltll':'(plc:lTitlel 

, I 

Y. L nbe 1_ ( 'Seal iness (rnm) 1 
, 'FontS i ze' , label !?on t Size 1 

1 fon tvJe_i_ ght ', '6' ) 
1·1 abel ( 'Member ship degree 1 , 

1 FontSi ze' 1 label Fon t.Sj ze, 'tont ·-~'e.i qh ':.' 1 
1 b' J 

. --'- ~__._,_ ·, ':·ieitJJeJ.:.sLif; fur,c·Li0I• uf ciusceLeo 
d3 La set', 1 FontSize' 1 labelFontSi :::e 1 '[ontheight', .' b 1 J 
grid on 
axis ( fmiX mxX 0 1.2] J; 

==-==~===--=-====================--==~~ ==~ ==-=====~--o-=====-=--=o::==~==-==-=-===-'--' o:=----'- -- _-

=~======~============~====================================~==============~ 

=o-c=----=:c CL.n.ssiFY AND INPUT INTO P.. CLUSTER ==========-======-----'~---=-'---===--'===='----~"=~=-

clc; 
xVal ~ input('Input Roughness value '); 
nLn 
xLn = xVaJ. *ones {nLn); 
yLn = linspace(O,l,nLn) 
.line (;-:Ln 1 yLn, 1 Color' , 'k' , 1 LineWid th' , 3) 

for i=l:k 
fitR_sq = rsquarcCls(i) .data.rsquare; 
if fitR sq >=- 0.9 ' 

al cfunCls(i) .data.al; 
bl cfunCls(i) .data.bl; 
cl ~ cfunCls(i) .data.cl; 

a2 cfunCls ( i). datct. a2; 
b2 cfunC:ls(l) .data.b2; 
c2 cfunCl::o(i).data.c2; 

r-r'~·bXIiJ al*r:::%[J(-( (x\!a1.-bl) /cl) 
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e:.d; 

~=-==~=====~====~==~====================================================== ' 
========================================================================== 

"~' ' 
~.0x~rob = max\probXJ; 
~ls~fX = ~i~di~rctX == ~axProb); 
disp'['-----------------+----------+---~-----+----------+---------------1 

'i); 

Seediness Centroid IRoughnessi Memb.Deg Dec.Skin Tone 
']!; 

disp\[ '-----------------+----------+---------+----------+---------------1 
' J ) ; 

sCls Score l ' ; 

i t 

Score 2 ' ; 

"=r1ci; 
j_f i==~ 

Score 3 ' ; 

pnd; 

if 
sC:ls Score 4 ' ; 

end; 

sCentroids = sprintf('%3.4f',centroids(i)); 
if cen~rcids({J<lO ' 

= sprintf('~.2f',xVal); 

sProbX sprintf('~.4f',probX(i)); 

if clsOfX == ~ 

sClsOfX 
end; 
if ·::l.::C·fX 

e:;ClsOfX 
end; 

disp ( [' ', sCls,' 

' ; 

'; 

',sCent raids, 1 1
, sXVal, 1 

',sClsOfX,' I']); 
"2nd; 

1
, sProbX, 1 

disp\('-----------------+----------+---------+----------+---------------1 
' l } ; 
disp(['Conclusion: ']}; 
disp(['xinput = ',sprintf('%.2f',xVal), is belong to cluster 
', n•..J.m2str (clsOfX),' with membership degree ', sprintf ( '%. 4f' ,rnaxProb)]) 
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APPENDIX I: PATENT DOCUMENT OF SCALINESS ALGORITHM 
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''"Patent Application Publication 
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