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ABSTRACT 

Psoriasis, a hereditary inflammatory skin condition that currently affects 2 - 3 % of the 

world's population, is marked by reddish, scaly rashes or lesions covered with scabs of 

dead skin. lbis dermatosis is currently not curable but the symptoms can be effectively 

controlled through an accurate assessment scheme and well-integrated medical care 

therapy. The National Psoriasis Foundation Medical Board has published a guideline 

that categorizes the severity of psoriasis - mild, moderate and severe, each 

characterized by the percentage of lesions on an individual's body surface area. 

However the caveat remains that the distinction between the different categories of 

severity is largely influenced by the clinical practitioner's subjectivity. As a result, 

PASI scoring is introduced. PASI (Psoriasis Area and Severity Index) is currently the 

gold standard method to measure psoriasis severity by evaluating the area, erythema, 

scaliness and thickness of the lesions. These 4 parameters require the lesions to be first 

segmented from the skin patches before they can be assessed and scored individually. 

lbis report thus investigates digital image analysis techniques to segment psoriasis 

lesions. In this work, 90 patients are categorized into groups of differing skin tones 

based on mean values in the L * component. The 1000 new colours obtained through 

clustering of pixel values in the R, G and B component are used to construct three 

different skin lesion models. The validation of the three models is done by comparing 

the mean values of constructed models and original image, which are found to be the 

same. For segmentation of skin into involved and non-involved regions, iterative 

thresholding and Otsu's method are applied in 3 colour spaces, namely, I 1hh. CIE L * 

a* b* and HSI. The average segmentation errors in the 3 colour spaces are then 

compared to select the best colour channel in which to perform the segmentation for 

either thresholding. The specificity and sensitivity analysis with the accompanying 

Type I error and Type II error are conducted as well. From the segmentation results of 

skin lesion models, it is found that segmentation in the h colour channel (for fair skin 

tone), !3 and b colour channels (for middle skin tone) and lz, b and S colour channels 

(for dark skin tone) yields high accuracy. The same thresholding method in 



corresponding colour channels is then applied on 20 real skin samples. The segmented 

images are compared with the reference images to measure the accuracy of the proposed 

lesion segmentation method in different colour channels. Out of 20 cases, the 

segmentation method achieved accuracies of higher than 95% for 19 cases. The lowest 

accuracy obtained is for a particular skin-lesion patch with accuracies of 92 - 93%. The 

lower accuracy is due to wrinkled skin areas which have been exposed to unequally­

distributed light leading to misclassification as lesions. For each different skin tone, the 

overall accuracy results show that the proposed colour channels are appropriate and 

accurate to carry out the Otsu' s method for segmentation of psoriasis lesions. 
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CHAPTER 1: INTRODUCTION 

1.1 Background of Study 

References to this skin disease were first found in writings by Greek physician 

Hippocrates but psoriasis was identified by Robert Willan, an English dermatologist as 

an independent disease. Psoriasis is a chronic immune-mediated disease of the skin 

that causes rapid skin cell reproduction due to faulty signals in the immune system. 

However the body does not slough off the excess skin and the accretion of skin layers 

on the surface of the skin form lesions. This result in red, dry patches of skin covered 

with flaky silver, white patches (scales) commonly found at the skin area of the 

elbows, knees and scalp. 

According to the formal description of psoriasis as developed by the experts at the 

American Academy of Dermatology, 

"[psoriasis is] chronic skin disease that is classically characterized by thickened, red 

areas of skin covered with silvery scale." 

Psoriasis affects both genders and usually manifests itself for the first time between the 

ages of 15 and 25. A study by Farber and Nail however suggests that the average age 

of onset as 27.8 years as proven by 35 % of patients involved [1 ]. Psoriasis tends to 

appear without warning and has been shown to wax and wane in severity during an 

individual's life. The disease though not fatal causes discomfort, embarrassment or 

disfigurement for the sufferers. There has been no found cure to date but psoriasis can 

easily be controlled through regulated treatment in the long term. 

1.1.1 Causes of Psoriasis 

The cause of psoriasis has long been linked to the faulty genetic component that is 

hereditary. Two schools of thought have surfaced with regard to the genesis of the 

disease. The first pins it down to the epidermis and its keratinocytes for causing 

excessive growth of the skin tissues. The second opinion, propounded by a group of 

scientists, tracks the linkage to the T cells (a type of white blood cell for cell-mediated 

immunity) for mistakenly triggering a reaction in the skin cells. The known fact 

however, is that certain medicines, including beta blockers, antimalarial drug 
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chloroquine etc, excessive alcohol consumption, cream-and-lotion-based-products can 

aggravate the disease. The disease is however not contagious. 

A study carried out on people and their relatives with psoriasis shows a genetic or 

familial disposition to the disease [2]. This seems to suggest that psoriasis is purely a 

hereditary disease but scientists have also learned that not everyone who inherits genes 

for psoriasis gets psoriasis. It is contingent on the 'right' mix of genes and the 

existence or prolongment of an environmental trigger. 

1.1.2 Classification of Psoriasis (Signs and Symptoms) 

The five types of psoriasis are as follows: 

1. Plague Psoriasis (Psoriasis Vulgaris, Vulgar Psoriasis, Psoriasis Discoidea, Discoid 

Psoriasis) 

This is the most common form of psoriasis characterized by circular- to oval­

shaped red skin lesions with silvery white and scaly patches. These patches 

(plagues) can remain isolated, separate or join together to form a massive 

plague area. 

2. Guttate Psoriasis (Eruptive Psoriasis, Teardrop Psoriasis, Raindrop Psoriasis) 

It is usually triggered by a bacterial infection such as strep throat. This type of 

psoriasis is characterized by small, water-drop-shaped-red-spots on the skin on 

the trunk, arms, legs and scalp. 

3. Inverse Psoriasis (Flexural Psoriasis, Psoriasis Inversa, Inverted Psoriasis, Skin 

Fold Psoriasis, Genital Psoriasis, Intertriginous Psoriasis, Inguinal Psoriasis and 

Atypical Psoriasis) 

This type is characterized by smooth and shiny patches of red, inflamed skin in 

skin folds as found under the breasts and in groins and armpits. It can be most 

found in obese people and can be further aggravated by sweating and friction. 

4. Pustular Psoriasis (Psoriasis Pustulosa, Von Zumbusch Pustular Psoriasis, Acute 

Pustular Psoriasis and Generalized Pustular Psoriasis) 

This is a rare type of psoriasis characterized by raised bumps filled with non­

infectious pus. The skin under and around these bumps is reddish and tender. 
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5. Erythrodermic Psoriasis (Psoriasis Universalis, Exfoliative Psoriasis, Psoriatic 

Erythroderma, and Psoriatic Exfoliative Erythroderma) 

This psoriasis type is characterized by red, inflamed and scaly rashes on the 

entire body. This skin ailment is often itchy and extremely painful. 

(a) (b) (c) 

(d) (e) 

Figure 1: Different Types of Psoriasis 

(a) Plague Psoriasis, (b) Guttate Psoriasis, (c) Inverse Psoriasis, (d) Pustular Psoriasis, 

(e) Erythrodennlc Psoriasis 

(Source: Mayo Clinic - hltJ1://www.mayoclinic.comlhealth/psoriasis-oictures) 
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1.1.3 Incidences of Psoriasis 

An epidemiology study of psoriasis by the dermatology department of Hospital Tengku 

Ampuan Rahimah, Klang from January 2003 to December 2005 was done on 5607 

outpatients [3]. The diagnosis was further confirmed following a sc:rics of physical 

examination and laboratory investigation during the three-year period. The findings 

are tabled as follows: 

Table 1: Distribution of psoriasis cases according to age and gender among outpatients attending 
dermatological Clinic In Hospital Tengku Ampuan Rahlmah Klang, Selangor, Malaysia [3) 

Age Number of Psoriasis Patients(%) 
Total Number(%) 

Groups Male Female 

0-9 16/413 (3.9) 16/491 (3.9) 32/904 (3.9) 

10-20 38/622 (6.1) 39/628 (6.1) 77/1250 (6.2) 

21-39 90/700 (12.9) 89/878 (12.9) 16111578 (10.8) 

40-60 123/540 (22.8) 73/657 (22.8) 296/1197 (17 .2) 

>60 39/338 (11.5) 164/340 (4.7) 55/678 (8.1) 

Total 316/2613 (11.6) 215/2994 (7.2) 531/5607 (9.5) 

According to Table 1, 531 patients out of 5607 of the clinic's total number of 

outpatients were diagnosed with psoriasis. This equates to a staggering 9.5 % for the 

psoriasis incidences in that particular clinic itself. 

Table 2: Distribution of psoriasis according to ethnic groups among outpatients attending Hospital 
Tengku Rahimah, Klang, Selangor, Malaysia [3) 

Ethnicity Number of Exams Number of Psoriasis Patients(%) 

Malay 2720 233 (8.6) 

Chinese 737 44 (6.0) 

Indian 1975 255 (12.9) 

Others 175 9 (5.1) 

Total 5607 541 (9.6) 
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Table 2 shows the breakdown of numbers by ethnicities and this data would come in 

helpful to further explain the clustering of the methodology in the later section. 

Table 3: Area of batly comnwnly affected with psoriasis (3] 

Affected Area No. Affected (%) Affected 

Arms 287 53 

Legs 238 44 

Trunk 86 15.9 

Genital Region 67 12.4 

Scalp 64 11.8 

Hands 39 7.2 

Eyebrows 37 6.8 

Soles 26 4.8 

Face 13 2.4 

These numbers are however are not indicative of the prevalence of psoriasis within 

Malaysia since prevalence is a different measure of the disease's occurrences. The 

extrapolated prevalence of psoriasis in Malaysia based on a study done by 

CueResearch was 475,638 (with population estimated to be 23,522,482 as obtained 

from US Census Bureau, International Database, 2004). [4] The statistics would yield 

to 2 %, which concurs with the general idea that psoriasis affects 2 - 3 % of a 

population. 
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1.2 Problem Statements 

To compare the subjective and objective measures of reduction of psoriasis, the 

Department of Dermatology, Aberdeen Royal Infirmary, Foresterhill conducted a study 

[5]. The findings of the paper published in the year 1997 observed that subjective 

measures showed greater variation and relatively overestimated improvement as 

opposed to objectivity. By extension of these findings, assessment by clinical 

practitioners may not be the most accurate method for detection and assessment of 

psoriatic lesions. 

Preliminary observations of images of lesions of random patients with Psoriasis 

Vulgaris as shown in Figure 2 seem to show differences in colour between different 

lesions even for the same individual (the intra-variability of diagnostic pflrfllJlcters). As 

the skin tones differ in colour, the difference in colour of lesions (the inter-variability 

of diagnostic parameters) too should be taken into account. For exampie in fair-skin 

patients, the lesions manifest as bright red or pink spots but have a dark purplish or 

blackish hue in dark-skin patients. 

(a) (b) 

Figure 2: Different Skin Tones and Co"esponding Lesion Colours 

(a) Fair Skin, (b) Middle Skin (Brown Skin), (c) Dark Skin 

(Source: Images of patients of Dermatology Clinic, Hospital Kuala Lumpur) 
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In view of the aforementioned problems, alternatives such as objective digital image 

processing algorithms have been written to assess the chromatic differences between 

lesions belonging to different patients and between lesions belonging to the same 

individual and subsequently segment the psoriatic lesions as accurately as possible. So 

far methods have been primarily geared toward Psoriasis Vulgaris lesion segmentation 

due to the fact that it affects 80- 90 % of psoriasis sufferers [6] [7]. The work by 

Ormerod, et al. clearly shows that the objective digital image analysis is more accurate 

and has lower variations than subjective analysis measures [5]. However, the digital 

image analysis approach has its own set of problem, one of which is the segmentation 

of lesions. 

Previous image analysis works usmg the thresholding approach have yielded 

considerably accurate results [8] [9] [10]. This research aims to improve on the 

accuracy of the thresholding works by carrying out the approach on different colour 

channels. Using the work of Maletti, eta/. [11] as a telling example, the thresholding 

technique produced accurate results except for the dark skin tone. 

(a) (b) 

(c) (d) 
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Figure 3: Original Images and Transformation into DijJerent Colour Spaces 

(a) Fair Skin (Brown Skin), (b) Difference in Blue-Green Image for Fair Skin (Brown Skin), 

(c) Dark Skin, (d) Di.fference in Blue-Green Image for Dark Skin 

(Source: Images of patients of Dermatology Clinic, Hospital Kuala Lumpur) 

The thresholding approach was carried out in the difference in the blue-green image for 

fair skin, middle skin and dark skin. While the bimodality appears to be easily 

thresholded in the blue-green image for fair skin (as shown in Figure 3(b)) the same 

cannot be said for the dark skin image. The thresholding technique, one of the easiest 

approaches, yielded highly accurate results for Maletti, et al. in the fair skin and middle 

skin tone but the accuracy degenerated for the dark skin tone. The fault does not lie 

with the approach but rather the wrong colour channel. Other examples are further 

discussed in Section 2.3 under the heading of Related Works. 

To ensure that the proposed algorithm is robust to the inter-variability and intra­

variability as explained in the earlier part, three skin-and-lesion models corresponding 

to the three different skin tones are constructed. Each skin tone takes into account the 

statistical properties of all patients that fall within the particular skin tone cluster and 

would therefore prove to be an adequate representation to carry out the algorithm. 
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