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ABSTRACT

Nowadays, many skin diseases exist, ranging from harmless such as benign tumors to
highly cancerous ones such as malignant melanoma. The visual resemblance of skin
lesions requires experienced dermatologists for diagnosis and treatment of skin
diseases. One of the most common types of the skin diseases is psoriasis which is
chronic inflammatory skin condition, characterized by localized, widespread well-
demarcated red plaques often topped by silvery scales. The basic characteristics of
psoriasis lesions namely redness, thickness, and scaliness provide a mean of assessing
the severity of psoriasis. Dermatologists are using Psoriasis Area and Severity Index
(PASI) score, which takes into account signs such as redness, plaque thickness and
scaling in order to assess psoriasis disease severity. The objective of this project is to
generate the score of the redness and score of the area covered by psoriasis in order to
build automated ‘imaging system capable of classifying the severity of the disease.
This system would assist dermatologists to give the suitable treatment to the different
levels of psoriasis severity based on the PASI score. The psoriasis lesion images will
be analyzed to classify the severity.based on color, shape, size, and other features by
using the Digital Image Processing Tools in MATLAB7 software. The entire
information obtained through the computer vision and image processing as well as
MATLAB?7 software is applied towards the development of this project. The project
will be implemented in two stages. The first stage (semester 1) involves literature
review, research, data gathering, learning and training of the software or program and
the second stage (semester 2) is analysis of core features, design, testing and analysis

of resuits.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Skin is the largest organ of our bodies that provides the outer covering and protects us
from heat, light, injury, and infection. There are a number of conditions that can
change the look and the condition of the skin. Some of the common skin diseases are
Acne, Eczema, Psoriasis, Warts, Seborrhoeic Dermatitis, and Tinea [1]. Medical
imaging has become a very important technology in medical diagnosis and treatment
of skin diseases. Most medical imaging modalities generate digital images, which can

be easily manipulated by computers.

Psoriasis is a type of skin disease which can be diagnosed using medical imaging.
The basic characteristics of psoriasis lesions are redness, thickness, and scaliness,
which provide the means of assessing the severity of psoriasis. The current gold
standard for assessment of extensive psoriasis has been the Psoriasis Area and
Severity Index {(PASI). The PASI is a scoring procedure that is often used to evaluate
psoriasis clinically and to measure outcomes in clinical trials. It scores the severity of
lesions in terms of redness, thickness, and scaliness, and the score is weighted

according to the area affected {12].

Digital Image Processing Tools in MATLAB sofiware will be used to obtain the
intended result. It will be used in generating an average score in order to classify the
severity of the redness where the severity is rated for each index on a 0 — 4 scale. The
Digital Image Processing also used in calibrating the affected area by the
determination of the number of pixels in the digital image of the skin. This calibration

is needed to generate a percentage of skin covered with psoriasis for each area.



1.2 Problem Statement

1.2.1 Problem Identification

Dermatologists have based the diagnosis of skin lesions on visual assessment of
pathological skin and evaluation of macroscopic features. This process is highly
dependent on the experience and visual acuity of the dermatologists. However,
human vision lacks accuracy, reproducibility, and quantification in gathering
information from an image. Besides, the number of dermatologists is not sufficient,

especially in remote areas.

Therefore, it is important to equip clinics with computer-aided diagnosis (CAD)
system to support early diagnosis of dangerous skin dis_eases.. Recent advances in
Color Image Processing and machine learning techniques have made it possible to
build a content-based skin image retrieval system that is able to classify the types of
skin lesions and to retrieve similar images of a patient’s skin lesions from skin image
database. Several groups have worked on a number of noninvasive methods to detect

abnormal cells.

For psoriasis, there is no cure and the effective medicines exist only to control the
symptoms. There is no blood test for psoriasis. Physicians usually diagnose it by
examining the infected skin. Less ofien, a small piece of skin infected by the psoriasis
is cut out and examined under a microscope. The psoriasis disease comes in many
different forms and is categorized by doctors as mild, moderate, or severe, depending
on the level of redness, thickness, scaliness, and percentage of body surface area
involved. The severity of the disease is also commonly measured in clinical trials by
using an objective scaling system called Psoriasis Area and Severity Index (PASI),

which takes into account signs such as redness, plaque thickness and scaling.

PASI is used by dermatologists to assess psoriasis disease severity. Clinical trials of
psoriasis present a greater challenge for measurement of psoriasis disease severity.
Objective measures are needed that are reliable, valid, and consistent from
investigator to investigator. Fortunately, psoriasis lesions are quite visible and

therefore relatively easy to quantify; unfortunately, simple quantitation of the lesions



is not a complete assessment of severity, as the impact of the lesions is experienced

differently by different patients.

For this Medical Imaging of Skin Diseases project, the aim is to build an automated
imaging system capable of classifying the type of skin disease whether it is serious or
benign disease. More specifically, this project aims in building a computer-aided
diagnosis {CAD) system for a quick identification and diagnosis of psoriasis disease
with the reliable, valid, and higher accuracy information in order to measure the

overall psoriasis severity and coverage for the better treatments.

1.2.2 Significance of the Project

Most skin diseases, even as fatal as malignant melanoma such as psoriasis, can be
cured based on physical features and color information if they are recognized early
enough. With the current situation of skin diseases in Malaysia, an automated skin
lesions classification and retrieval system based on 3-D images would be of great
significance to the diagnosis process. This system would help dermatologists to

provide quick identification and diagnosis of skin diseases.

The automated imaging system also can be applied for the Psoriasis Area and
Severity Index (PASI) which is the most widely used tool to assess psoriasis disease
severity in clinical trials, although it can be exceedingly cumbersome for use in daily
clinical practice. Typically, the PASI would be calculated before, during, and afier a
treatment period in order to determine how welll psoriasis responds to the treatment
under test (a lower PASI means less psoriasis, generally). Because clinical trials rely
on the PASI for inclusion criteria, having an automated system of PASI score on a
clinic patient may be useful for determining the level of disease severity quickly and

accurately for the better cure and treatments.



1.3 Objectives

1. To generate the score for redness level of psoriasis lesion and area covered by
psoriasis lesion to be used in Psoriasis Area and Severity Index (PASI) score.

2. To build an automated imaging system capable of classifying the level of
severity of skin diseases and retrieving the similar images stored in a skin
image database.

3. To provide computer-aided diagnosis (CAD) system for a quick identification

and treatment of skin diseases,



1.4  Scope of Study

The concepts and digital techniques for processing and analyzing medical images
after they have been generated or digitized are organized into three sections that
correspond to the fundamental classes of algorithms: enhancement, segmentation and

quantification.

Enhancement algorithms are used to reduce image noise and increase the contrast of
structures of interest. In many cases, enhancement improves the quality of the image
and facilities diagnosis. Enhancement techniques are generally used to provide a
clearer image for a human observer, but they can aiso form a preprocessin_g step for

subsequent automated analysis.

Segmentation is the stage where a significant commitment is made during automated
analysis by delineating structures of interest and discriminating them from
background tisswe. This separation, which is generally effortless and swift for the
human visual system, can become a considerable challenge in algorithm
development. In many cases the segmentation approach dictates the outcome of the
entire analysis, since measurements and other processing steps are based on

segmented regions.

Quantification algorithms are applied to segmented structures to extract the essential
diagnostic information such as color value and the area of the lesions. Computerized
analysis offers the exciting option of escaping from the anthropocentric description of

images, and go beyond the limitations of the human visual and cognitive system.

Since this project is directly using Digital Image Processing, it incorporated the nsage
of computer vision and MATLAB programming language. The entire information
obtained through the computer vision and image processing as well as MATLAB

software is applied towards the development of this project.



CHAPTER 2
LITERATURE REVIEW

2.1 Common Components of Computer-Aided Diagnosis (CAD) Systems for

Skin Diseases

2.1.1 Image Acquisition

To acquire the image of skin lesion:

¢ Epiluminescence microscopy (ELM) — allows light to penetrate deeper into
the skin and make subsurface structures visible [5].

e Raman Spectroscopy — obtains Raman spectra by pointing a laser beam at a
sample to excite molecules in the sample and a scattering effect is observed
[4].

¢ Obligue-incidence diffuse reflectance spectroscopic imaging — obtains the

information of the top layers of the skin tissues [6].

Hulogen Lamgp {maging CCR
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Figure 1 The Diffuse Reflectance Spectroscopic Imaging (DRSI) system



2.1.2 Image Segmentation

To identify the pigmented lesions from the image:

¢ The most often used technique is threshoiding operation, which is based upon
a simple concept. A parameter 0 called the brightness threshold is chosen and

applied to the image afm.n] as follows [2]:

I omnt: @ almen}= obect =1
Else almnl= background =0

¢ This version of the algorithm assumes that we are interested in light objects on

a dark background. For dark objects on a light background we would use [2}:

I almn}- 6 almn)= object =1

Eise almin)= background =0

¢ In the skin lesion segmentation system, basically three different algorithms are
used to segment a lesion, namely global thresholding, dynamic thresholding,
and a 3-D color clustering concept. Best results were achieved with the
following color channels; thresholding with the blue channel of the RGB color
model and b channel of the CIE(L*a*b*) color model, 3-D color clustering
with the X, Y, and Z channels of the CIE XYZ color model [5].

o : )
A) L3

o

Figure 2 Segmentation results using thresholding operation
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2.1.3 Features Extraction

To classify a skin lesion as malignant melanoma or benign tumor

ABCD rule — refers to Asymmetry, Border structure, variegated Color and
Diameter where a weighted combination of different scores provides total
dermatoscopic score (TDS) to classify the lesions [5].

ABDD rule — defines eight standard ELM criteria to use for diagnosis:
pigment network, brown globules, black dots, radial streaming, psudopods,
overall pigmentation and depigmentation [5].

2.1.4 Features Selection

To select features that have enough discriminative power to disﬁnguish classes of

skin lesions and are insensitive to irrelevant variability in the input features:

Use Principal Component Analysis to reduce the dimensions of the inputs by
discarding the input dimensions with low variance [4].

Applied node pruning on neural network to select features and therefore the
input units [4].

Perform a feature selection by application of the sequential forward selection

algorithm [5].

2.1.5 Image Classification and Retrieval

To classify skin lesions:

B* and B-Tree — hierarchical structure with nodes containing pointers and
keys and efficient for 1-I) feature vectors [8].

Clustering — similar items are grouped together into clusters [8}.

k-d free — an extension of binary tree: k-dimensional vector is in place of
single valued number, which allows for efficient searching in
multidimensional feature space [8].

Grid files — extension of fixed-grid structure in which n-dimensional space is

divided into equal-size hypercubes, each containing feature vectors [8].



2.2 Psoriasis

2.2.1 Psoriasis

Psoriasis is an inflammatory skin disease in which skin cells replicate at an extremely
rapid rate. New skin cells are produced about eight times faster than normal — over
several days instead of a month — but the rate at which old cells slough off is
unchanged. This causes cells to build up on the skin's surface, forming thick patches,
or plaques, of red sores (lesions) covered with flaky, silvery-white dead skin cells
(scales) [9].

Healthy Skin Psoriasis

scales

keratin layer
epidermis ———-ut

plagues ...
inflamed skin -
sweat gland
hair follicle

QEIMNIS e

subcutaneous —
tayer '

infapraphic FRARESES Gar

Figure 3 The difference between normal skin and skin covered by psoriasis

In psoriasis, an activated immune system triggers the skin to reproduce every three to
four days, building up on the outer layers (epidermis and kera_tin)‘: "The epidermis
thickens, blood flow increases and reddens the skin, and silver-gray scales cover it.
Rarely life-threatening, at its mildest, psoriasis can be itchy and sore. At its worst, it’s
painful, disfiguring, and debilitating. The National Psoriasis Foundation (NPF) says
that about two-thirds of the people with psoriasis have a mild form of the disease and

one-third has moderate or severe psoriasis [9].




2.2.2 Type of Psoriasis

There are several distinct forms of psoriasis, which not only have different

appearances, but also may require different types of treatments [10].

Plague psoriasis (75% — 80% cases) — This is the most common form of psoriasis. It
is characterized by raised, thickened patches of red skin covered with silvery-white
scales. The most commonly affected areas include the knees, elbows, scalp, behind

the ears, sacrum, navel, between the buttocks and genitalia.

Figure 4 Plaque psoriasis on the elbow

Scalp psoriasis (50% cases) — This is plaque-type psoriasis. Due to the thickness of
the psoriasis, it is very difficult to treat because topical formulations do not penetrate

well.

Figure 5 Scalp psoriasis
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Guttate psoriasis (15% — 20% cases) — This form of the disease most commonly
occurs in children. It is characterized by droplet-shaped lesions that range in diameter
and some very thin scales, which are found mainly on the trunk and may involve the

face.

Figure 6 Guttate psoriasis on the back

Pustular psoriasis (2% cases) ~ This is a difficuit-to-treat, less common form of
psoriasis that generally occurs in older patients. It may present as new or as a flare up
of plaque psoriasis and involves areas of reddened skin, particularly on the hands and

soles of the feet.

Figure 7 Pustular psoriasis on sole of foot
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Erythrodermic psoriasis (1% — 2% cases) — This is characterized by inflammatory
lesions that may cause extreme reddening of all or most of the body. It generally
occurs in people with chronic plaque psoriasis and has an average age of onset of 50

years.

SR Devmvadidogy,

Figure 8 Erythrodermic psoriasis on the back

Inverse psoriasis — This form is typically found in folds or creases (i.e., armpits or
groin, under pendulous breasts or in skin folds of obese patients). Its lesions are

usually smooth and red, but do not have scaling.

Figure 9 Inverse psoriasis
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Psoriatic arthritis (23% cases) — This is a specific type of arthritis, which causes
inflammation and swelling primarily in the hands, feet or in larger joints such as the
knees, hips, eibows, and the spine. It may cause stiffness, pain, and joint damage. It is

rare that a person can have psoriatic without having psoriasis.

Figure 10 Psoriatic arthritis associated with skin and nail psoriasis

Nail psoriasis (50% cases) — This is characterized by large, deep, random pits of the
nail plate. In one study, nail psoriasis was the first sign of disease in 4% of patients,

but nail changes eventually occur in most patients.

Figure 11 Nail psoriasis
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2.3 Psoriasis Area and Severity Index (PASI)

2.3.1 Psoriasis Area and Severity Index (PAST)

A patient’s Psoriasis Area and Severity Index (PASI) is a measure of overall psoriasis
severity and coverage. It is a commonly-used measure in clinical trials for psoriasis
treatments. Typically, the PASI would be calculated before, during, and after a
treatment period in order to determine how well psoriasis responds to the treatment

under test (a lower PASI means less psoriasis, generally) [12].

The PASI measure the average redness, thickness, and scaliness of the lesions (each
graded on a 0 — 4 scale), weighted by the area of involvement. The body is divided
into four regions comprising the head, which covered 10% of a human skin surface,
upper extremities (20%), trunk (30%), and lower extremities (40%). Each of these
areas is scored by itself, and then the four scores are combined into the final PASI. In
each of the regions, the fraction of total surface area affected is graded on a 0 — 6
scale (0 for no involvement; up to 6 for greater than 90% involvement). The various

body regions are weighted to reflect their respective proportion of body surface area

(BSA) [11].

Right upper
extremity

Left upper
extremity

Right lower
extremity

Figure 12 Four body regions with the difference percentage of human skin
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This PASI will range from 0 (no psoriasis) to 72 (covered head-to-toe with complete
redness, thickness and scaliness). PASI scores are nearly continuous, with 0.1
increments within these values. Since the initial use of the PASI, many have critiqued
its utility. Although it has limitations, overall it has been a very practical measure of
disease severity for clinical trials in patients with severe disease. In addition, many
have attempted to revise the PASI and create new and improved methods of disease

assessment {12].

2.3.2 The Steps in Generating PASI Score

The basic characteristics of psoriasis lesions are redness, thickness and scaliness
which provide a means of assessing the severity of psoriasis. The steps in generating
PASI score [11]:

a) Divide body into four areas

o Head (h) — consists 10% of a person’s skin

¢ Arms or upper extremities (u) — consist 20% of a person’s skin
o Trunk to groin (t} — consist 30% of a person’s skin

o Legs to top of buttocks or lower extremities (1) — consist 40%

of a person’s skin

b) Generate an average score for the redness, thickness and scaliness

e 0 =no involvement
¢ | =slight and mild
e 2= moderate

¢ 3 =gsevere

¢ 4= most severe
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Table 1 The description of severity in the difference score

Score Redness Thickness Scaliness

0 No redness No thickness | No scale

1 Slight pink Feels firm Slight scale
2 Pink Raised Scaly

3 Red Thick Flaky

4 Dark red Very thick Very flaky

¢) Sum scores of redness, thickness and scaliness for each area

o Head=Ry+Ty+ Sy
o Upper extremities =R, + T, + S,
e Trunk=R,+T,+ 8§

s Lowerextremitiess=R;+T1 + §;

d) Generate a percentage for skin covered with psoriasis for each area
(An, Ay, Aq, A1) and convert that to a 0 — 6 scale

o 0 =10% (clear)
o 1=0-<10%

o 2=10-<30%
e 3=30-<50%
o 4=50-<70%
o 5=70-<90%
o 6=90-100%

€) Multiply the sum of the individual-severity scores for each region (part
c) by the weighted area-of-involvement score for that respective region
(part d) and multiply that by 0.1, 0.2, 0.3 and 0.4 for head, upper

extremities, trunk and lower extremities, respectively
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e Head=0.1 R+ T+ Sp) An

o Upper extremities = 0.2 (R, + T, + Sy) A,
o Trunk =03 (R, + T, +8) A

o Lower extremities = 0.4 (R; + Ty + S)) A

) Add these scores to get the PASI score

PASI score =

0.1(R,, +Ty +5, )A, + 0.2(R, +T, 1S, )A,
| +0.3(R+T; +5,)A; + 0.4(R, +T) +5;))A,

The highest potential PASI score is 72 and the lowest is 0:

Highest PASI score
=014+4+4)6+02(4+4+4)6+03(4+4+4)6+04(4+4+4)6
=0.1(72)+02(72)+0.3(72)+04(72)

=172

Lowest PASI score
=0.1(0)+0.2(0;+03©0)+04(0)

=0

When conducting a clinical trial for treatment for psoriasis, a predetermined primary
endpoint is required on which the efficacy of the drug will be assessed. In clinical
trials, endpoints such as PASI 75 (a 75% reduction in disease activity) and PASI 50 (a
50% reduction in disease activity) are used. For patients with severe psoriasis, many
clinicians consider at least a 75% improvement to be clinically meaningful in terms of

treatment success.
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24 The CIE L*a*b* Color Space

Color is a sensation created in response to excitation of our visual system by
electromagnetic radiation known as light. A color can be specified by a tri-component

vector. The set of all colors form a vector space called color space [13].
A few color terms:

» Intensity (I) — a measure, over some interval of the electromagnetic
spectrum, of the flow of power that is radiated from, or incident on a
surface. |

o Brightness (Br) — the attribute of a visual sensation according to which an
area appears to emit more or less light.

¢ Luminance (Y) — since brightness perception is very complex, the
Commission Internationale de L’Eclairage (CIE) defined another quantity
luminance (Y) which is radiant power weighted by a spectral sensitivity
function that is characteristic of human vision.

e Lightness (I.*) — human vision has a nonlinear perceptual response to

luminance which is called lightness.

The CIE adopted standard color curves for a hypothetical standard observer. These
color curves specify how a specific spectral power distribution (SPD) of an external
stimulus (visible radiant light incident on the eye) can be transformed into a set of
three numbers that specify the color. The CIE color specification system is based on
the description of color as the luminance component Y and two additional
components X and Z. The spectral weighting curves of X and Z have been
standardized by the CIE based on statistics from experiments involving human
observers. The CIE XYZ tristimulus values can be used to describe any color [13].

The xy diagram is very useful in presenting the relative positions of colors and can
also be used to see what colors will result from mixing two others (for additive colors
only, such as a computer screen, not for subtractive mixes like paint colors).

However, this color space, as with XYZ, is not perceptually uniform, and a given
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separation between two colors on the diagram corresponds to different perceived

differences, depending on their relative positions {14].

—specirum
e SRG B
---Appie RGB
-Adobe (1998)

Figure 13 CIE 1931 chromaticity diagram

Traditionally color images have been specified by the non-linear red (R”), green (G’)
and blue (B”) tristimulus values where color image storage, processing and analysis is
done in this non-linear RGB (R’G’B") color space. The CIE have also derived and
standardized two other color spaces, called L*¥u*v* and L*a*b*, from the CIE XYZ
color space which are perceptually uniform. Starting with the XYZ data, there is an
assortment of mathematical transformations that are available to obtain various

alternate color notations: xyY, L*a*b*, L*u*v*, L*C*h*, and even RGB [14].
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xyY

L*a*b*
T~ L*C*h*
L*u*v* /

RGB — RGP

ZAN

Figure 14 Color space transformations

The L*a*b* color space is the second uniform color space standardized by CIE. It is
derived based on the CIE XYZ space and white reference point. The white reference
point {Xn, Yn, Zn] is the linear RGB = {1, 1, 1] values converted to the XYZ values
using the following transformation [13]:

Xn 0.4125 0.3576 0.1804 1
Yn | =| 02127 0.7152 0.0722 1
Zn 0.0193 0.1192 0.9502 1

In this space, the L* value is a measure of the lightness, while a* and b* define
together the hue and saturation of the color. Specifically, the a* axis runs from red to
green, and the b* axis from yellow to blue. The lightness L* component and the a*

and b* components which are representative of chrominance are given by
L*=116 (Y/Yn)'? - 16

a* =500 [(X/Xn)"” — (Y/Yn)""]
b* =200 {(Y/Yn)"* — (Z/Zn)'?]
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with the constant that X/Xn, Y/Yn, Z/Zn > 0.01. This constraint will be satisfied for
most practical purposes. Hence, the modified formulae described in for cases that do

not satisfy this constraint can be ignored in practice [13].

o,

MY E v hite

Figﬁre 15 The L*a*b* color space coordinate

The L*a*b* spaces are very useful in applications where precise quantification of

perceptual distance between two colors is necessary.
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2.5 K-Means Clustering Using L*a*b* Color Space

Color images are usually represented and handled in RGB coordinates. In this format,
an image F of size M x N may be represented as F = R(F),G(F);B(F), i.e., as a set of
three MxN matrices respectively containing the red, green, and biue components of F.
The RGB color space allows for a very straightforward representation of colors but,
vnfortunately, it has a Riemannian nature; this means that it is not a uniform space
and perceived differences among colors can be assessed only by means of

complicated metrics.

Therefore, in order to have at disposal a simple measure for evaluating perceptive
distances, the uniform L*a*b* color space has been chosen, which is an orthogonal
Cartesian coordinate system endowed with the simpie Euclidean metric. It was
verified that the CIE(L*a*b*) space is perceptually uniform and gives better results

for segmentation of color images {15].

Clustering is a way to separate groups of objects. K-means clustering treats each
object as having a location in space. It finds partitions such that objects within each
cluster are as close to each other as possible, and as far from objects in other clusters
as possible. K-means clustering requires a specified number of clusters to be
partitioned and a distance metric to quantify how close two objects are to each other.
K-means divide a collection of objects into K groups. The algorithm iterates over two

steps:

e Compute the mean of each cluster.
o Compute the distance of each point from each cluster by computing its
distance from the corresponding cluster mean. Assign each point to the

cluster it is nearest to.

Iterate over the above two steps till the sum of squared within group errors cannot be
lowered any more. The initial assignment of points to clusters can be done randomly.
In the course of the iterations, the algorithm tries to minimize the sum, over all
groups, of the squared within group errors, which are the distances of the points to the

respective group means, Convergence is reached when the objective function (i.e., the
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residual sum-of-squares) cannot be lowered any more. The groups obtained are such

that they are geometrically as compact as possible around their respective means [16}.

The k-means algorithm for partitioning (or clustering) ¥data points into Xdisjoint

subsets i containing Njdata points so as to minimize the sum-of-squares criterion

F.4
7= ) ke -yl

Ii|'=1 HESI'

where *ais a vector representing the #th data point and #7is the geometric centroid of
the data points in /. In general, the algorithm does not achieve a global minimum of
Jover the assignments. In fact, since the algorithm uses discrete assignment rather
than a set of continuous parameters, the minimum it reaches cannot even be properly
called a local minimum. Despite these limitations, the algorithm is used fairly

frequently as a result of its ease of implementation.

The algorithm consists of a simple re-gstimation procedure as follows. Initially, the
data points are assigned at random to the Xsets. For step 1, the centroid is computed
for each set. In step 2, every point is assigned to the cluster whose centroid is closest
to that point. These two steps are alternated until a stopping criterion is met, i.e.,

when there is no further change in the assignment of the data points [17].
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2.6 Body Surface Area

In physiology and medicine, the Body Surface Area (BSA) is the measured or
calculated surface of a human body. For many clinical purposes BSA is a better
indicator of metabolic mass than body weight because it is less affected by abnormal

adipose mass. Estimation of BSA is simpler than many measures of volume [18].

BSA measurement used in many medical tasks. Various BSA formulas have been
developed over the years, originally by Dr.s Du Bois & Du Bois, followed by Gehan
and George, Haycock, Boyd and Mosteiler. These formulas all give slightly different
results. It is probably not worth the trouble to debate about which formula may or
may not be slightly better. A bigger issue is lack of standardization. The Mosteller
formula is gaining support as a common standard because it is much simpler and can

be memorized and easily calculated with a hand-held calculator [19].

Mosteller BSA (m”) =

Height (cm) x Weight (kg)} *°
3600
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2.7 Graphical User Interface (GUI)

271 GUIDE

GUIDE, the MATLAB Graphical User Interface development environment, provides
a set of tools for creating graphical user interfaces (GUIs). These tools greatly
simplify the process of designing and building GUIs. The GUIDE tools can be used
to [20}):

e Lay out the GUI — the GUI can be laid out easily by using the GUIDE
Layout Editor. GUIDE stores the GUI layout in a FIG-file.

¢ Program the GUI — GUIDE automatically generates an M-file that controls
how the GUI operates.

2.7.2 Laying Owt a GUI

Start GUIDE by typing guide at the MATLAB command prompt. This displays the
GUIDE Quick Start dialog. From the Quick Start dialog, a new GUI can be created
from one of the GUIDE templates.

GUIDE Quick Start

Creste NewOUI | Open Exsting 0UI |

© GUIDEtemplates. . - . Preview

* 4 Blank GUI (Defaul) - -
< GUI with Uicontrols P
| GUI with Axes and Menu e
" {<f\ Modal Question Dialog

1 Bave on startup as? {5 i GUIDE s g

-} cancet | Hemw

Figure 16 The GUIDE Quick Start dialog
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The GUI will be displayed in the Layout editor, which is the control panel for all of

the GUIDE tools. The GUI can be laid out by dragging components, such as push

buttons, pop-up menus, or axes, from the component palette, at the left side of the
Layout Editor, into the layout area [20].

M-file

Editor
Tab Order Property

Editor Inspector

Menu Object
Editor Browser
Alignment Figure
Tool Activator

I untitled.fig

| “75_']'“ |

:-'Eau;_ﬂ | _,>Component B ! e

Figure 17 The Layout Editor with a blank GU1 template
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2.7.3 Programming a GUI

After laying out the GUI and setting component properties, the next step is to
program the GUI using the M-file Editor. The GUI can be programmed by coding
one or more callbacks for each of its components. Callbacks are functions that
execute in response to some action by the user. A GUT’s callbacks are found in the
M-file that GUIDE generates automatically. GUIDE adds templates for the most
commonly used callbacks to this M-file [20].

The GUI M-file:

¢ [nitializes the GUI

¢ Contains code to perform tasks before the GUI appears on the screen, such
as creating data or graphics

¢ Contains the callback functions that are executed each time a user clicks a

GUI component

Initially, each callback contains just a function definition line. Using the M-file
Editor, codes can be added to the callbacks to perform the related functions. The M-
file can be opened by clicking the M-file Editor icon on the Layout Editor Toolbar
[20].

D £ditor - D Work\Guide' untitledz.m® Lol oiobx
He Edt Text Cel Took Debug Destop ‘Window Help L LE 2
DBE s aEe - | S&RRREREE I "ED880
o800 % o--- EHSCuSes on Bulioh press in oushbuitonl. ) 1
4°81 7 functicn pushbuttonl_Callback{hObject, eventdata, handles)
“82° 0 & ntbiiesy T SaR R un i=ee GOEG ._.J

BQ % .__-. k= choibl Rt T ]
tes - | _ of

Figure 18 The M-file shows the Callback template for a push button

27



CHAPTER 3
METHODOLOGY

There are two main components in this section:
i.  Project’s Methodology
ii. Imaging Tasks

3.1 Project’s Methodology

Figure 19 Flow chart of project methodology
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This project which is implemented in two semesters needs several methods to be

accomplished. Therefore, it is developed by stages as listed below:

Semester 1: Literature Review / Research / Data Gathering / Learning and Training

Semester 2: Analysis / Design / Testing / Analysis of Results

3.1.1 Literature Review and Research

Literature review and research wiil be done by seeking information trough books,
internet and journals especially about the psoriasis topics and the current techniques
which is related to skin diseases. This stage provides important and useful knowledge
for design stage.

3.1.2 Data Gathering

All the relevant data information obtained from research for this project are gathered
and revised. This stage involved a detailed study of the current system, leading to

specifications of a new system.

3.1.3 Learning and Training

It is important to iearn and train how to use the related software or program especially
the Digital Image Processing Tools in MATLLAB7 software. The average score in
classifying the redness severity is determined by using the Color Image Processing
from the Digital Image Processing Tools. Besides, this software is used in order to
calculate the affected area to get the percentage of area covered by psoriasis..

3.1.4 Analysis

The analysis of core features is needed after the development of image database.
System analysis includes sub-dividing of complex process involving the entire
system, identification of data store and manual processes. The main point in this
systems analysis stage is a specification of what the new system is to accomplish

based on the user requirements.

29



3.1.5 Design

The new system is designed based on the user requirements and the detailed analysis
of a new system. It is a most crucial phase in the development of a system. The detail

process involved in the design stage will be discussed in the Imaging Taéks.

3.1.6 Testing and Results Analysis

Before actually implementing the new system into operations, a test run of the system
is done to ensure the device function well. It is an important stage of a successful
system. After codifying the whole programs of the system, a test plan should be
developed and run on a set of test data. The output of the test run should match the
expected results. For this project, a set of 200 psoriasis images have been used to test
this image based system. The result shows that the accuracy of this system in

classifying the redness severity level of psoriasis lesions is about 90%.
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3.2 Imaging Tasks

Figure 20 Flow chart of imaging tasks
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3.2.1 Image Acquisition

The images of skin lesion are acquired using the specific methods and equipments as
stated in the literature review. For this project, most of the images are obtained from

psoriasis and dermatologist websites.

Figure 21 The equipments for image acquisition

The medical images need to be stored in the graphics file of the MATLAB software
(work folder) first before it can be load and read.

Syntax: vigetfile

uigetfile is a function of a standard open file dialog box to load an image from the
graphics file. It displays a dialog box for the user to fill in, and returns the filename
(e.g. psoriasis) and path strings (e.g. jpg) and the index of the selected filter. A
successful return occurs only if the file exists. If the user selects a file that does not
exist, an error message is displayed, and control returns to the dialog box. The user

may then enter another filename, or press the ‘cancel’ button.
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Syntax: imread

imread is used to read a grayscale or color image which has been loaded from the

graphics file.

~ onginalimage .

Figure 22 The original image of psoriasis lesion

3.2.2 Image Processing

3.2.2.1 Image Enhancement

Syntax: imadjust

imadjust adjust the image intensity values or colormap to new values such that 1% of
data is saturated at low and high intensities of the original image. This increases the
contrast of the output image. This enhancement is important for the better

segmentation and also to obtain the greater values of the redness.
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~ enhancedimage - -

Figure 23 The enhanced image of psoriasis lesion

3.2.2.2 Image Segmentation

The enhanced image will be segmented into three clusters using the k-means
clustering method. This number of cluster is enough to segment the lesion and the
skin. The lesion can be obtained from one of the clusters after the segmentation. From
the following figure, the lesions image is in the cluster 3 whereas the skin obtained in
the cluster 2.

:tabj'én_:t's in cluster 1. ohjects in _clu'éte'r 2. -objects in _C_|U_9:_t8r3

Figure 24 The different segmented images in the different clusters
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3.2.3 Image Analysis

3.2.3.1 Redness Values

For image analysis, the segmented image or lesion image will be converted into

grayscale image in order to obtain the data from the image.
Syntax: rgh2gray

rgb2gray converts the color image to the grayscale intensity image by eliminating the

hue and saturation information while retaining the luminance.

Figure 25 The lesion image obtained from segmentation
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. grayscale image .

Figure 26 The grayscale image

The image data from the grayscale image can be displayed by a histogram.

Syntax: imhist

imhist displays a histogram for the intensity image whose number of bins is specified
by the image type. The default value of bins for grayscale image is 256.

. 'Numba} of '.:-"_n.ixals

g8

8

Dt D

Figure 27 The histogram of the image data
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From the histogram, the plot at x = 0 shows the background of the image while the
other plots or bins represent the image lesions. To get the size of the lesion, N, the

background will be excluded by obtaining only the values in the range of (x > 0).

[y x] = imhist(g);
N =y(x>0);

The next step is to convert the grayscale image into binary image in order to get the
total pixels of the lesion.

Syntax: bw = roicolor(g,low,high)

This syntax returns a binary image, bw, with 0°s outside the region of interest and 1’s
inside. The pixels of the selected region which is the lesion region lie within the range
[low,high].

The thresholding can be summarizes as below:
bw = (g >=low) & (g <= high) =1

In this project, the selected region must be higher than 0, which is the intensity value
for the background and lower or equals to 255. So, the selected value for high = 255
which is the highest intensity value whereas the value for low = 10 which is lower

than the possible intensity value for lesion and near to the 0 (background value).
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o binary image : T

Figure 28 The binary image with 0’s outside the region and 1°s inside

The total pixels of the lesion can be determined from the binary image.

Syntax: total = bwarea(bw)

bwarea compute the area of objects in binary image. fofal is a scalar whose value
corresponds roughly to the total number of ‘on’ pixels in the image, but may not be
exactly the same because different patterns of pixels are weighted differently [20].
From this syntax, the total pixels of the lesion, M, can be obtained.

The mean intensity value of the lesion can be calculated using the obtained values;

the size of the lesion, N, and the total pixels of the lesion, M.

Numerator = Size of the lesion (N)

Denominator = Total pixels of the lesion (M)

Set the range of the intensity:

b = (1:255)

38



p is corresponding to the image data:

p=[N/Mj

The mean intensity of the lesion:

Mean =b*p

The mean intensity values of the different lesions will be used as the redness values in

order to generate score for the severity level of psoriasis lesions.
3.2.3.2 Area Calibration

For the area calibration, the total pixels of the lesion are obtained from the binary
image using the bwarea syntax.

Syntax: total = bwarea(bw)

The reference value or the calibrating factor is estimated by obtaining the relationship
between a 1 cm line and the number of pixels from the binary image.

Syntax: pixval on;

This syntax turns on interactive display of information about image pixels in the
current figure. It install a black bar at the bottom of the figure which displays the (x,y)
coordinates for whatever pixel the cursor is currently over. If user clicks on the image
and hold down the mouse button while moving the cursor, pixval also dispiays the
Euclidean distance between the previous point and the current cursor location. It

draws a line between these points to indicate the distance being measured.
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Euclidean distance
= 38 pixels

A line represents
a length of 1 cm

Figure 29 The Euclidean distance obtained from a binary image

From here, it is obtained that 1 cm = 38 pixels.

1 em = 38 pixels

1 cm? = 1444 pixels

The total pixels for 1 cm® will be used as reference or calibrating factor to get the area
of the lesion in cm®. The area can be calculated by dividing the total pixels of the

lesion image by the total pixels for 1 cm?® image.

area (cm’) = total / 1444
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3.2.4 Generate Score

3.2.4.1 Generate Score for Redness

Five images from the different scores from 0 to 4 are used as the reference images to
get the different values of redness. The redness values of the lesion for each image are

obtained in the image analysis stage:

e V0 =redness value for lesion image with score 0
¢ V1 =redness value for lesion image with score 1
e V2 =redness value for lesion image with score 2
e V3 =redness value for lesion image with score 3

* V4 =redness value for lesion image with score 4

The threshold values are calculated by determining the average values between the

higher and the lower score.

Ti=(V0+V1)/2
T2=(V1+V2)/2
T3=(V2+V3) 2

T4 =(V3+V4)/2

‘The redness score is generated by using the threshold values as the range values for

each score. The higher the redness values, the lower the score for psoriasis lesion.
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Table 2 The generated score from the threshold values

Score Range
0 redness >=T1
1 T1 > redness >= T2
2 T2 > redness >= T3
3 T3 > redness >=T4
4 redness <T4

3.2.4.2 Generate Score for Area Covered by Psoriasis

The area of the lesion image can be determined from the image analysis stage, where

the total pixels of the lesion image, fotal, divide by the total pixels for 1 cm?® image.

1 cm = 38 pixels

lem® = 1444 pixels

area (cm’) = total
1444

The next step is to calculate the area of the lesion on the real body, which can be

obtained by multiplying the area of the lesion image with the image scale, S.

Xcm

Real body

Y cm

Image

Figure 30 The scale of the image from the real body
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The image scale can be calculated by dividing the area of the real body image by the

area of the image.

A (cm®) =S x area
= S x total
1444

The Body Surface Area (BSA) is measured using the Mosteller BSA equation where
the user needs to enter the height in cm and the weight in kg to get the BSA in m”.

Mosteller BSA (m?) =

[Height (cm) x Weight (kg)| °°
3600

The BSA will be converted into cm?® by multiplying with 10000:

SA (m) =

BSA (m?) x 10000
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The BSA for each part of the body (head, upper extremities, trunk, and lower

extremities) is determined first before calculating the percentage area of the lesion.

Head (BSAh) = 0.1 x BSA (cm?)
Upper extremities (BSAu) = 0.2 x BSA (cm?)
Trunk (BSAt) = 0.3 x BSA (cm”)

Lower extremities (BSAl) = 0.4 x BSA (cm’)

For the lesion on the head  =(A/BSAh)x 100%
For the lesion on the upper extremities = (A / BSAu) x 100%
For the lesion on the trunk N = (A /BSAt) x 100%

For the lesion on the lower extremities = (A /BSAl) x 100%

This percentage will be used to get the score for the area covered by psoriasis lesion.

Table 3 The range of percentage area for each score

Score Range
0 0% (clear)
1 <10%
2 10 - <30%
3 30 - <50%
4 50 - <70%
5 70 - <99%
6 90 - 100%
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3.2.5 Graphical User Interface (GUI)

A Graphical User Interface (GUI) named score is developed in this project to

facilitate the scoring for redness and area covered by psoriasis.

ﬁ'- scnre'flg S

awsases

>’ Component
| Palette

. Scale lEi_
- He!ght {cm} i_(:;_)—

- Weight {kg) |_(;)_

Head

Upper Extremities

Qriginal - )

‘.S

= Segmented| - . . '

[ Cluster 1
O Cluster 2

: Trunk
ICluster3 \

Lomr E:Eﬁmiﬁe's :

RFDNESS' SC

Push button Check box Static text Edit text

| areascore | O

Figure 31 The Layout Editor of the designed GUI

The components used in this GUI namely push button, check box, static text, and edit
text, are dragged from the component palette at the left side of the Layout Editor.
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Table 4 The functions of the components used in the GUI

Components Strings Functions

Push button | Original Load psoriasis image from graphics file, read the
loaded image and display the original image

Push button | Segmented Segment the imége and display the segmented
images in the different clusters

Check box Cluster 1 Display and save the image if the lesion image is
obtained in cluster 1

Check box Cluster 2 Display and save the image if the lesion image is
obtained in cluster 2

Check box Cluster 3 Display and save the image if the lesion image is
obtained in cluster 3

Push button | Redness score Calculate and score the redness

Edit text Label (1) Display the redness score

Static text Scale Label the scale input

Edit text Label (2} Require user to enter the value of scale

Static text Height (cm) Label the height input

Edit text Label (3) Require user to enter the value of height

Static text Weight (kg) Label the weight input

Edit text Label (4) Require user to enter the value of weight

Check box Head Calculate and save the percent area if the lesion
occurred on the head

Check box Upper extremities | Calculate and save the percent area if the lesion
occurred on the upper extremities

Check box | Trunk Calculate and save the .percent area if the lesion |
occurred on the frunk

Check box Lower extremities | Calculate and save the percent area if the lesion
occurred on the lower extremities

Push button | Area score Score the percentage area covered by psoriasis

Edit text Label (5) Display the area score

Push button | Reset Reset the redness score and area score
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Redness Score

The redness values of the lesions for five reference images which have been scored

from 0 — 4 are obtained in the analysis stage.

Original Image

' T : " Scale: JTT
| . Criginal L o g E—
R . _ Height {em):

l - ’ | . Weightikgy |-
.| Segmented} R o _ T
e . o DH_ead .

 @Chister1 . F ST v OUpper Extremities
S OChster2 - - O Trunk - - _
CCluster3 L . OlLower Extremities

1REDNESS SCORE ‘ 0 L_'AREAS{:@RE -

RESET

Figure 32 The reference image for redness score =0
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: Oﬁginal Image

5 . Original

Seg'm_ented! i : _ ' R
. o : ©'[Head
DOclustert . - ’ : [Upper Extremities

WChister2 . . - - [ITrunk -
COCluster3 - . . ) _ _El&,éﬁ&f’Eﬁt_rém;rﬁes

‘REDHESS SCORE ‘1 L I " AREA SCORE

| RESET ]

Figure 33 The reference image for redness score = 1
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_ : _ _ I"_"iHead. _
OClustert e o _[]Upp.er Extremities

DCiClusterz - . . _. . Jj'.i'runk“ . o .
BClusterz S DLower Extramities

REDNESSSCORE‘ 2 '_AR_EA'&L:QR?E

Figure 34 The reference image for redness score = 2
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Original Image

QOriginal . . i
e _ ' _ H_eight{cmj:
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' . o . OHead -
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_ C1CIuster2 _' ) L  OITrunk
FlCluster3 -0 o " [Lower Extremities

}_REDHESS s__c'_&one\ 3 \ AREﬁ.sCéRET.
T L

Figure 35 The reference image for redness score =3
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Figure 36 The reference image for redness score = 4
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Table 5 The redness values obtained from the different score of lesions

Image Redness
Psoriasis 0 191.9326
Psoriasis 1 152.2451
Psoriasis 2 130.3933
Psoriasis 3 103.9350
Psoriasis 4 87.1560

Table 6 The range of the redness values for the different scores

Score Range

0 172.0889 — 255.0000

141.3192 - 172.0888

117.1642 - 141.3191

1

2

3 95.5455 ~ 117.1641
4 1.0000 — 95.5454

Sets of five images from each score (0 — 4) are used as the reference images in order
to generate the redness score, The system will be tested after generating the score
using a set of images. The accuracy of the system is determined from the results of
the test. The set of images will be replaced with the new set of images if a low
accuracy is obtained from the test. This procedure is repeated until the highest
accuracy is achieved. The redness values of the final set of images are used to
generate the redness score. So, the redness severity of the lesion images will be

scored based on the range of redness values in Table 6.
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The developed GUI facilitates the scoring procedure by a few steps taken as follows:

a) Click the original push button

Original Iiﬁa’Qe_‘ o

Scale:

Height {em}):

e “Weight k). |
o S [IHead _

Original -

D.Cluster'l _ o o ~ OUpper Extremities
CiCluster 2 _ O Tfunk
CiCluster3 ~ L - o : DLcwerEitremities
| ’ REDNESS SCORE 1 . l AREA SCORE
| reser |

Figure 37 GUI result for the original push button

The original push button represents the original psoriasis image. By clicking the push
button, the system displays a standard dialog box for a user to select and load an

original psoriasis image before reading and displaying the image.
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Féenamef § _gpsmiaéis__ﬂ‘!

Flo of e E"ipg . . . _ = )

Figure 38 A standard open file dialog box to load a psoriasis image

b) Click the segmented push button

| CIQst_érd o =Clusterz_ . Cldéteﬂ o

o R R Scale: :
. Original T A R
R R SR . ... Height{cm):

e e Weight k) |
I‘Sem_e’n_t__ed _ e

; | b

. OClustert . :.:.'D_UPPE}Extremities
OClster2 . OTenk .

- .'_DClusters. ' - | o : 'j'D_LowerExtremities_ '

-'I'_REDNEss-_scone [ AR l AREA SCORE |

Figure 39 GUI result for the segmented push button

52



The segmented push bution represents the segmented images of the psoriasis image.

The original image will be enhanced and segmented by clicking this push button.

The image enhancement gives the better results in segmentation. Besides, the greater
redness values can be obtained from the enhanced images which contribute to the
wider range of redness for each score. It is important to have a wider range of values

in each score in order to avoid misclassifying the severity of lesion images.

The thresholding technique and concept which is interested in light objects on a dark
background is used for the segmentation process. The k-means clustering algorithm is
applied in order to segment the lesion image. The image is converted to the L*a*b*
color space where the color information is in the ‘a*’ (color falls along red — green
axis) layer and ‘b*’ (color falls along blue — yellow axis) layer. Since the image is in
a uniform color space, the difference between the color information can be measured

using a simple Euclidean distance metric.

Three clusters are specified in this system, which is quite enough to extract the lesion
image from the skin or background. Using this clustering algorithm, it obtains the
mean of each cluster and computes the distance of each point from the corresponding
cluster mean to assign each point to the cluster it is nearest to. Based on Figure 39,
Cluster 1 has no image because there is no point nearest to the mean of this cluster.

The lesion are obtained in the Cluster 2 whereas the skin in Cluster 3.
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¢} Tick the related check box

~ Lesion Imégé o :

‘Seale:

- Origirtal L g
. - Height fem): |

Segmented

iy

R ' DHead
OClustert - . ° . [lUpperExtremities -
Ofwsterd - DOTrunk

CiCluster3 ) - o " OLower Extremities

 REDNESS SCORE l o '  AREA SCORE
[ REser |

Figure 40 GUI result for the clusters check box

In this step, the image lesion is chosen based on the segmentation results. Each check
box represents the image in each cluster. The lesion image can be chosen by ticking

the related check box where the chosen image will be saved for the image analysis,
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d) Click the redness score push button

' ‘LesionImage

. . Werght{kg}t
.lSegmentedl L TS PR IC I e
: ST U HHead

“OCluster . DUpper Extremities
“EClusterz . [OTrunk |
‘OCluster3 " [Lower Extremities

'{-REDMEQS SCORE l 4 | gﬂ_EA SCORE )

| RESET

Figure 41 GUI result for the redness score push button

The final step in redness scoring procedure is clicking the redness score push button
which represents the redness score from 0 — 4. By clicking this main push button, the
system analyzes the saved lesion image to get the redness value of the lesion. The

lesion will be scored based on the range of redness values in Table 6.
This redness score will be used in PASI scoring procedure to obtain the severity level

of the lesion. The suitable treatments will be given to the patients with psoriasis skin

disease based on the PASI score.
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4.2 Area Score

The development of GUI gives the easier way to score the percentage of area covered

by psoriasis lesions.

a) Enter the required information

lesion Image

- Weight tkg): | 5

s - B o ' - Scale: |
. L R S Height {em): . 160

. Segméﬁtéd : :
] . _  [iHead
_ .DCIuster'!. : -:_ o | - x _-Bﬁpﬁeréxtremiﬁeé
.Ciuster2 : e S DTrunk
--EICIusf_erii ' o '-'BLowerExtrem:tnes
. ] REDNESS SCORE ’ 4 L K l ARE& SCGRE

(e

Figure 42 GUI result for entering some reqmred information

Some information is required to get the score for the percentage of area covered by
psoriasis. The scale is needed to calculate the actual value of the lesions area whereas
the height and weight is used to calculate the Body Surface Area (BSA). The system
saves all the entered values, which will be used in order to get the area score. The

total pixels of the lesions are already obtained while scoring the redness severity.
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Calculation example:

The image scale =4.6

Height =160 cm

Weight =50kg

The total pixels of the lesion, total = 32448 pixels

The area of the image lesion, area =total / 1444
= 32448 / 1444
=22.4709 cm’

The area of the image on the real body, A =areax S
=224709x 4.6

=103.3661 cm*

Body Surface Area, BSA = [(h x w) / 3600]°>
= [(160 x 50) / 3600]"°
= 1.4907 m*

= 14907 cm”

37



b) Tick the related check box

Lesion Image -

| -""_-'_'S'cailje_:i_-. TR

_Drigin'él

I -'"'_-_"._-j_Hgigﬁt_tcmii Tleo |
- Weight (ke 50
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Segmented S T
—— T coop o OHead .
OClustert. -~ . = = [UpperExtremities
. Cluster2 . wlfnt

~OCluster3 " [LowerExtremities

| REDNESS s_cciREI 4 l 'AREA SCORE -

[REsET |

Figure 43 GUI result for the body parts check box

The next step is choosing any one part of the body where the psoriasis lesions appear.
Each check box represents the calculation of BSA for each part of the body. For this
example, the lesion is appearing on the trunk area. So the body sur.féce area for trunk,
BSAY, is calculated and saved in order to get the area score.

Body Surface Area for Trunk, BSAt =0.3xBSA
=0.3 x 14907

= 4472.1 em’

58



c) Click the area score push buiton

Qriginal |-

 OCluster1
- M Cluster2
- OCluster 3

' REDNESS SCORE ] 4

lesionimage = -

: ‘ AREASCORE | 1

o Weighta): 50

"4 Trunk
~ [ Lower Extremities -

C1 Head
[JUpper Extremities

RESET |

Figure 44 GUI result for the area score push button

The area score push button represents the score of the percentage area covered by

psoriasis lesions. By clicking this push button, the lesion area is divided by the trunk

surface area, BSAt, to compute the percentage of lesions arca and displays the

corresponding score. Based on Table 3, the percentage is in the range of (<10%) gives

the score for area covered by psoriasis on the trunk, A, = 1. This score will be used to

calculate the PASI score which is a standard assessment of extensive psoriasis.

The percentage for area covered by psoriasis
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= (A /BSAf) x 100%
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Because of the rapid technical advances in medical imaging technology and the
introduction of new clinical applications, medical image analysis has become a highly
active research field. Improvements in image quality, changing clinical requirements,
advances in computer hardware, and algorithmic progress in medical image
processing all have a direct impact on the state of the art in medical image analysis.
This project could be a great significance to the diagnosis and treatment process in the
current situation of skin diseases in Malaysia. The results are encouraging for the
development of a noninvasive skin lesion classification system that dermatologists

could use as an electronic second opinion in clinical settings.

From this image based system project, the level of redness severity for psoriasis
lesion and the area covered by psoriasis can be scored by using the Image Processing
Toolbox in MATLAB software. The capability of this system in classifying the
redness severity is quite high with the percentage of accuracy up to 90%. But, the

improvements and modifications are still needed to increase the system performance.

Having a quantitative measure of disease severity has facilitated clinical trials of new
agents for psoriasis. PASI has led to new treatments that have advanced the
dermatologists’ ability to care for patients with severe disease. The development of
these agents, some of which set new standards of high cost of dermatologic treatment,

has led to new challenges as well.
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5.2 Recommendation

Although this system have achieved a high accuracy in classifying the level of
redness severity for psoriasis skin disease, some modifications and improvements is
still needed in the development of this image based system project. This system can
be improved by using the other image processing technique which gives the better

results especially in the segmentation process.

Research on the various techniques which are related to skin diseases can be
conducted in order to develop a flexible, faster and more user friendly system in the
future. For now, the system is only able to analyze the lesion after selecting the lesion
image from the segmentation. It is possible to have a system which can straight away

scoring the severity level of the lesion after the image acquirement.
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APPENDIX A
STATISTICS ON SKIN DISEASES



COMMON SKIN DISEASES

Table 1 — Prevalence of self reported skin diseases in adults

Prevalence % (95% confidence interval)

Past 2 weeks Past 6 months
" (excluding last z weeks)
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Lichen planus - - 1 1 - - 1 - 3
Erythenta nodosam - - - - - - - 2 2
ichthyosis - - 1 - - - - 1 2
Sudanming - - - - - - - 2 2

Adapted from Macphersan WG, Herringham WP, Elliott TR, Balfour A, eds. Medical services, Diseases of the war, I History of te
Greal War. Vol 2 London. England: His Majesty's Stationery Office; 1923: 68,



MOST COMMON DIAGNOSES IN NEW
PATIENTS SEEN AT DERMATOLOGY

CLINIC, 17TH FIELD HOSPITAL, SAIGON,
VIETNAM, JULY 1967 ("I of total shown)
m
Diagnosis No. of Cases (%)

Pyvoderma 47 (10

Tinea 43 (4.2
Verracae 3 {74
Leeematous dermatitis 2h 5.6
Candidiasis 22 4.7
Infected eczematous dermatitis 24 1.3
Acoe 18 (3.8)
Tinea versscolor 15 (3.2

Lirficaria 13 2.5

Contact dermatitis 11 (2,31
Mamtar waris 11 (2.3
Alopecia areata 14 i2.13
Preudofolliculitis barbae i 1.9

Psoriasis 'y i1.5]

Orhiers 137 {20.2)
Toial 40 CHELD

L. __ ]
Adapted from Allen AM. Skin Dliscases in Vietaan, 196572 In:
Ognibene A ed. faleras! Medicine in Vielnam. Vol 1. Washing-
ton, DC: Medical Depactment, US Army, Office of The Surgeon

General and Center of Military History; 1977: 38,



PROPORTIONATE DISTRIBUTION OF SKIN
DISEASES SEEN IN US. DERMATOLOCY
CLINIC, 95TH EVACUATION HOSPITAL, DA
NANG, VIETNAM, 15 MAY 1970 TQ 31 JULY
1971 {14.5 MONTHS) 5. of total shown)
L ]
Discase No. of Cases ')

(15.83)
iT{h12)
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Erythema maltiforme 2 {{t.ea)
Nevi 2 {0.64)
Balanitis 3 {067}
Basai cell epithelioma 25 Y
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Corns and calluses 24
Dhug eruptions 21
Vitiligo 2
Photoailergy 15
Numenular eczema 14
Pruritus 14
No dragnosis 38

rhers 461
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L TR

Adapled from Allen AM. Skin Discgaes in Vietamm, 195572
Ognibene Al ed. aleraal Medisine in Vietnam. Yol 1. Washing-
ton, DC: Medical Department, U5 Army, Qifice of The Surgean
General and Center of Military History, 1977 39,




PSORIASIS

ARTHRITIS IN PSORIASIS

'I'ypé of Arthritis Characteristics

Asymmetsic involvemens of a few joiats Affects 7% of patienis with psoriatic arthritis; “sausage digit”
of the fingers

Symmetric polvarthritis

¥ of patients with psoriatic arthritis; resembles rheumatoid
arthritis (seronegative)

Distal mlerphalangeal josad invebvement af patients with psoriatic arthritis; “classic” psoriatic

Arthritis mutians Afferts 7% of patients with proriatic arthrifig; deforming arthritis

with bony destruction, telescoping of digizs, and ankyloss

Ankyioging spondyltis Affects 5% of patients with proriatic arthritis; may aiso have
periphural joints involved

Data souzee: Moll IMH, Wright V. Familial occurrence of psoriatic arthritis, Az R Dis. 1973200181,

Severity of psoriasis in adults
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The Dermatology Life Quality tﬂdex' (oLQD by adults with psoriasis

DLQI question . ANSWERS % (n=go)

_ very alot alittie not atall/
Over the last week... - much not relevant

how itchy, sore, painful or stinging
has your skin been?

how much has your skin interfered with
yoU -going shopping or looking after your
home or garden?

how much has your bkm ;nﬁuenced the
clothes you wear?

how much has your skin been a pmbiem
at work or studying?

how much has your skin created problems
with your partner or any of your close
friends or relatives?

how much h'au your skin aused any
sexuat difficy

how much of a problem has the treatmant
for your skip been, for example, by making
your home messy, or by taking up time?
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6/11/06 5:08 PM C:\MATLAB7\work\score.m 1 of 11

function wvarargout = score(varargin)
% SCORE M-file for score.fig
% SCORE, by itself, creates a new SCORE or raises the existing

% singleton*.

%

% H = SCORE returns the handle to a new SCORE or the handle to

% the existing singleton*.

% SCORE ( "CALLBACK', hObject,eventData,handlies,...) calls the local

% function named CALLBACK in SCORE.M with the given input arguments.
%

% SCORE ( 'Property’, 'Value',...) creates a new SCORE or raises the

% existing singleton*. Starting from the left, property value pairs«
are

% applied to the GUI before score OpeningFunction gets called. An
% unrecognized property name or invalid value makes property¥
application

% stop. All inputs are passed to score OpeningFcn via varargin.

%

% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only¥
one

% instance to run (singleton)™,.

%

oo

See also: GUIDE, GUIDATA, GUIHANDLES

% Copyright 2002-2003 The MathWorks, Inc.

% Edit the above text to modify the respconse te help score
% Last Modified by GUIDE v2.5 12-May~2006 01:13:31

% Begin initialization code - DO NOT EDIT

gui_Singleton = 1;

gui State = struct{'gui Name', mfilename,
‘gui_ Singleton', gui Singleton, ...
'gui OpeningFcn', @score OpeningFcn, ...
‘gui CutputFcn', @score OutputFen,
‘gui LayoutFen', [] , ...
‘gui Callback', [13:

if nargin && ischar(varargin{l})

gui State.gui_Callback = str2func{varargin{l}):
end

if nargout
[varargout{l:nargout}] = gui mainfcn{gui_ State, varargin{:});
else
gui mainfen(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT



6/11/06 5:08 PM C:\MATLAB7\work\score.m 2 of 11

% —--- Executes just before score is made visible.

function score_ OpeningFcn{hObject, eventdata, handles, varargin)
This function has no output args, see OutputFen.

hObject handle to figure )

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)
varargin command line arguments to score (see VARARGIN)

o° d° ae

o ¢

% Choose default command line output for score
handles.output = hObject;

% Update handles structure
guidata (hObject, handles):

% UIWAIT makes score wait for user response (see UIRESUME)
% uiwait (handles.figurel):;

% —-—— Outputs from this function are returned to the command line.
function varargout = score OutputFcn{hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT}):

% hObject handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Get default command line output from handies structure
varargout{l} = handles.output;

% ________________________________________________________________
% FUNCTION TO DISPLAY ORIGINAL IMAGE
% --- Executes on button press in original.

function original Callback{hObject, eventdata, handles)

% hObject handle to original (see GCBO)

5 eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

e

o°

load pscriasis image from the graphics file
[filename, pathname] = ulgetfile("*jpg®):

img = [filename];

i = imread(img);

% display the original image
subpiot(2,1,1},imshow(i),title({'Original Image', "fontsize',1i5,...
'fontweight', "bold*, "Coloxr', "'r'};

% save the image
handies.metricdata.i = i;
guidata{hObject,handles};
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% FUNCTION TO DISPLAY SEGMENTED IMAGE

% ________________________________________________________________
% -—-- Executes on button press in segmented.

function segmented Callback(hObject, eventdata, handles)

hobject .handle to segmented {see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)}

¢ o¢ oe

e

read the saved psoriasis image
I = handles.metricdata.i;

% image enhancement
p = imadjust{I,stretchlim{I}, []):

% Convert image from RGB color space to L*a*b* color space. The difference
% between two colors can be measured using the Euclidean distance metric.
% Makecform is used to create a color transformation structure, cform, «
that

% defines the color space conversion specified by type. To perform the

% transformation, pass the color transformation structure as an argument

% to the applycform function

cform = makecform('srgb2lab'); %create a color transformation structure
lab p = applycform(p,cform); %apply the color transformation structure

% Classify the colors in L*a*b* color space using K-means clustering
ab = double(lab _p(:,:,2:3)}; %convert to double precision

nrows = gize{ab,1l}; %size of array

ncols = size{ab,2); %size of array

ab = reshape (ab,nrows*ncols,?2); %change the size

nColors = 3; %number of clusters

% Repeat the clustering four times to aveid local minima.
[cluster idx cluster center} = kmeans (ab,nColors, 'distance’, ...
'sqEuclidean', '"Replicates', 3);

% For every object in the input, kmeans returns an index corresponding to¥
a cluster.

% Label every pixel in the image with its cluster index.

pixel labels = reshape(cluster idx,nrows,ncols};

% Using pixrel labels, the objects in psoriasis.jpg can be separated byw
celor,

% which will result in three images.

segmented images = cell(l,3); %create cell array

rgb_label = repmat(pixel labels,[1 1 3]); %repiicate and tile an array
for k = 1:nColors

calor = p;

color{rgb label ~= k} = 0;

segmented images{k} = colcr;
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end

% display the different images in the three different clusters
subplot(2,3,1), imshow(segmented images{l1}), title('Cluster 1', ...
‘fontsize',15, "fontweight', 'bold', 'Color’, 'r');
subplot (2, 3,2), imshow(segmented_images{2}), title('Cluster 2',...
'fontsize',15, 'fontweight', "bold", 'Color', 'r');
subplot(2,3,3), imshow(segmented images{3}), title('Cluster 3',...
'fontsize',15, 'fontweight', "bold', 'Color', 'r');

clusteri = segmented images{l};
clusterZ = segmented_ images{2};
cluster3 = segmented images{3};

% save the images in the three different clusters
handles.metricdata.clusterl = clusterl;

handles.metricdata.cluster?2 = cluster?;
handles.metricdata.cluster3 = cluster3;

guidata (hObject, handles)

% _________________________________________________________________
% FUNCTION TO DISPLAY LESION IMAGE

% ________________________________________________________________
% --- Executes on button press in clusterl.

function clusterl Callback({hObject, eventdata, handles)

% hObject handle to clusterl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLARB
% handles structure with handles and user data {see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of clusterl

% read the lesion image if the image is in cluster 1
lesion = handles.metricdata.clusterl;

% display the lesion image
subplot (2,1,1),imshow(lesion),title('Lesion Image',...
'‘fontsize',15, "fontweight', 'bold', 'Color', 'xr"};

% save the lesion image
handles.metricdata.lesion = lesion;
guidata (hObject,handles);

% --- Executes on button press in cluster?2.

function cluster? Caliback(hObject, eventdata, handles)

% hObject handle to cluster2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hint: get (hObject, 'Value') returns toggle state of cluster?2
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Q,

% read the lesion image if the image is in cluster 2
lesion = handles.metricdata.cluster?2;

% display the lesion image
subplot{2,1,1),imshow(lesion),title('Lesion Image',...
'fontsize',15, 'fontweight', 'bold', 'Color', 'r'};

% save the lesion image
handles.metricdata.lesion = lesion;
guidata (hObject, handles) ;

Q.

% =--- Executes on button press in cluster3.

function cluster3 Callkack(hObject, eventdata, handles)

% hObject handle to ciuster3 (see GCRO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

Hint: get(hObject, 'Value') returns toggle state of cluster3

% read the lesion image 1f the image is in cluster 3
lesion = handles.metricdata.cluster3;

% display the lesion image
subplot{2,1,1),imshow({iesion),title('Lesion Image',...
'fontsize',15, "fontweight', 'bold", "Color', "'}

% save the lesion image
handles.metricdata.lesion = lesion:
guidata (hObject,handles};

% FUNCTION TO SCORE THE REDNESS
% ________________________________________________________________
% —--— Executes on button press in redness.

function redness Callback(hObject, eventdata, handles)

hOobject handle to redness (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data {see GUIDATA)

o

o oo

% read the saved lesion image
image = handies.metricdata.lesion;
% convert the lesion image to grayscale
g_image = rgbZgray({image):;

% analyse the lesion data from the image and histogram
[y x] = imhist(g_image):; % set the x-axis and y-axis
N = y(x>0); % identify the size of the image

5 of 11
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bw = roicolor{g image, 10,25

o
!

5); %

select the region of interest
M = bwarea(bw); % find out the total pixels of the lesion image
{1:255); % set the range of intensity

% determine the mean of the lesion image

num = N;
den = M;
p = [N/M];

mean = b*p;

v0) = 191.98326; % reference
vl = 152.2451; % reference
vZ2 = 130.3933: % reference
v3 = 103.9350; % reference
v4d = 87.1560; % reference

% sef the threshold wvalues

Tl = (v0+vl)/2;
T2 = (v1+v2)/2;
T3 = (v2+v3)/2;
T4 = (v3+v4)/2;

% display the redness score
if (mean >= T1)

set (handles.redness_score, 'String', '0'};
else if {(mean < Tl && mean >= T2)
set {handles.redness score, 'String','1');
else if (mean < T2 && mean >= T3)
set (handles.redness score, 'String','2');

value
value
value
value
value

3Ccore
sCcore
sCore
score
sScore

else if {mean < T3 && mean >= T4)

set (handles.redness_score, 'String','3");

else if {(mean < T4}

set {handles.redness score, 'String', 4" );

end
end
end
end
end
% _________________________________________________________________
% FUNCTION TO SCORE THE AREA

% calculate the area of the lesion image

 im_area = M/1444; % total pixels divide by pixels value for lcm2¥

(reference)

% save the formula for area of the lesion

handles.metricdata.im area
guidata (hObject, handles})

= im area;

W N =D
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$ --- Executes during object creation, after setting all properties.
function scale_CreateFcn(hObject, eventdata, handles)

% hObject handle to scale (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty — handies not created until after all Createfecns called

% Hint: edit controls usuwally have a white background on Windows.

% See ISPC and COMPUTER.
if ispc
set (hCbject, 'BackgroundColor', 'white" ) ;
else
set (hObject, 'BackgroundCelor' ,get ¥
{0, 'defaultUicontrolBackgroundColor?}));
end

function scale_Callback(hObject, eventdata, handles)

hObject handle to scale (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data {(see GUIDATA)

% Hints: get{hGObject, 'String') returns contents of
% str2double (get (hObject, *String')) returns

scale = strZ2double{get(hObject, "String')):
if isnan(scale)

set (hObject, "String',0):

errordlg{'Input must be a number*, 'Error®);
end

% save the new scale value
handles.metricdata.scale = scale;
guidata (hObject, handles)

scale as text
contents of scale as a¥

& —-~—- Executes during object creation, after setting all properties.
function height CreateFcn(hObject, eventdata, handles)

% hObject handie to height ({see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.
if ispc
set (hObject, 'BackgroundColor’™, "white' );
else
set (hObject, 'BackgroundColor’,get#
{0, 'defaultUicontrolBackgroundColor')):
end

function height Callback(hObject, eventdata, handles)
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hObject handle to height (see GCBQO)
eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data {see GUIDATA)

ol o0 oo

% Hints: get(hObject, 'String') returns contents of height as text
% str2double ({get (hObject, "String')) returns contents of height as a¥
double

height = str2double{get (hObject, *String'));
if isnan{height)}

set (hObject, "String',0);

errordlg('Input must be a number', "Error'};
end

% save the new height value
handles.metricdata.height = height;
guidata (hCbject, handles)

% —--- Executes during object creation, after setting all properties.
function weight CreateFcn{hObject, eventdata, handles)

hobject handle to weight (see GCBO)

eventdata reserved - to be defined in a future version of MATLARB
handles empty -~ handles not created until after all CreateFcns called

P op

oe

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc
set (hObject, 'BackgroundColor', 'white' );
else
set (hObject, 'BackgroundColor',get¥
(0, "defaultUicontrolBackgroundColor®});
end

function weight Callback(hObject, eventdata, handles)

% hObject handie to weight {see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data {see GUIDATA)

% Hints: get (hObject, "String') returns contents of weight as text
% str2double(get (hObject, *String')) returns contents of weight as aw¥
double

weight = str2double{get{hObject, "String')};
if isnan (weight)

set (hObject, 'String'),0;

errordig('Input must be a number', "Error'}:
end

% save the new weight value
handlies.metricdata.weight = weight;
guidata (hObject, handles)
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% calculate area of the body covered by lesion

b _area = handles.metricdata.im area * handles.metricdata.scale;
handles.metricdata.b area = b_area;

guidata{(hObject, handles)

%$calculate body surface area (AREA) in m2 and cm2
BSAm = {{handles.metricdata.height*handles.metricdata.weight)/3600)"0.5;
BSA = BSAm*10000; %convert the bsa from mZ2 to cm2

% save the new AREA wvalue
handles.metricdata.BSA = BSA;
guidata (hObject, handles)

% -—-- Executes on button press in head.

function head Callback(hObject, eventdata, handles)

hCbject handle to head (see GCBQO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

a0 oo op

P

Hint: get{(hObject, *Value') returns toggle state of head

% calculate and save percent area of lesion on the head

p_area = {(handles.metricdata.b_area/{0.l*handles.metricdata.BSA))*100;
handles.metricdata.p area = p area;

guidata (hObject, handles)

% —-—- Executes on button press in up ext.
function up ext Callback(hObject, eventdata, handles)

% hObject handle to up_ext (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAR
% handles structure with handles and user data (see GUIDATA}

% Hint: get{hObject, 'Value') returns toggle state of up ext

Q.

% calculate and save percent area of lesion on the upper extremities
p area = (handles.metricdata.b area/(0.2*handles.metricdata.BSA})*100;
handles.metricdata.p area = p_area;

guidata (hObject, handles)

% ——- Executes on button press in trunk.

function trunk Callback(hObject, eventdata, handles)

% hObiject handle tec trunk {(see GCBO)

% eventdata reserved - to be defined in a future versiocn of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hint: get(hObject, 'Value') returns toggle state of trunk
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% calculate and save percent area of lesion on the trunk

p_area = (handles.metricdata.b area/(0.3*handles.metricdata.BSA))*100;
handles.metricdata.p area = p_area;

guidata (hObject,handles)

% ——- Executes on button press in low _ext.

function low ext Callback(hObject, eventdata, handles)

$ hObject handle to low ext (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hint: get(hObject, "Value'} returns toggle state of low_ext

% calculate and save percent area of lesion on the lower extremities
p_area = (handles.metricdata.b area/(0.4*handles.metricdata.BSA)}*100;
handles.metricdata.p _area = p_area;

guidata (hObject,handles}

[+

% --- Executes on button press in area.

function area_Callback(hObject, eventdata, handles)

% hObject handle to area (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% read the saved percent area of lesiocon
percent = handles.metricdata.p_area;

% display the area score
if (percent == ()
set (handles.area_ score, 'String', '0');
else if (percent > 0 && percent < 10)
set (handles.area_score, "3tring', '1');
else if (percent >= 10 && percent < 30}
set (handles.area score, 'String', '2');
else if (percent >= 30 && percent < 50)
set (handles.area score, 'String', '3%):
else if {percent >= 50 && percent < 70}
set (handles.area score, 'String', '4'):;
else if (percent >= 70 && percent < 90)
set (handles.area score, 'String*, '5');
else if (percent >= 90 && percent <= 100)
set (handles.area_score, 'String', '6'};
end
end
end
end
end
end
end
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% —-- Executes on button press in reset.

function reset Callback({hCbject, eventdata, handles)

% hObject handle to reset (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

initialize_gui (gcbf,handles, true};

function initialize gui(fig handle, handles, isreset)
% If the metricdata field is present and the reset flag is false, it means
that we just re-initializing a GUI by calling it from the cmd line while

%
% it is up. S0, bail out as we do not want to reset the data.

if isfield{handles, 'metricdata') && ~isreset
return;
end

set (handles.redness score, 'String’',''):
set (handles.area score, 'String', ''):
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