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Abstract. Psoriasis is a common skin disease with no known cure. It
is both subjective and time consuming to evaluate the severity of psori-
asis lesions using manual methods. More objective automated methods
are in great demand in both psoriasis research and in clinical practice.
This paper presents an algorithm for scoring the severity of psoriasis
lesions from 2D digital skin images. The algorithm uses the redness of
the inflamed skin, or erythema, and the relative area and roughness of
the flaky scaled skin, or scaling, in lesions to score lesion severity. The
algorithm is validated by comparing the severity scores given by the algo-
rithm against those given by dermatologists and against other automated
severity scoring techniques.

Keywords: Skin image analysis, Severity modelling, Classification,
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1 Introduction

Psoriasis is a chronic skin disease with no known cure. It manifests as lesions
consisting of red inflamed and itchy skin (erythema) and scaly flaky skin (scal-
ing). There are an estimated 125 million people worldwide suffering this disease.
In Australia, the percentage of affected people is between 2%-5% [1]. As there is
no known cure, a great deal of effort has been expended on finding good treat-
ments for psoriasis symptoms. However, no treatment is generally accepted and
different physicians will treat the same symptoms differently. There is a need to
compare various treatment methods objectively to determine which treatment
is more effective in both psoriasis research and in clinical practice. Psoriasis
severity scores are commonly used for comparing treatments |2].

The severity score is a number that is used to classify the severity of psori-
asis. A number of severity scores have been proposed in recent decades |3-5].
A widely used severity score is the Psoriasis Area and Severity Index, or PASI
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score ﬂa] The PASI score is calculated by dividing the body into a number of
regions and grading the severity of the erythema (the red inflamed skin), and
the severity of the scaling (the scaly, flaky skin typically found inside a lesion)
within a region ﬂa] The severity of erythema and scaling in PASI scores are esti-
mated visually often leading to significant inter- and intra- individual variation
in scores. Further, PAST scores require that the symptoms of several lesions are
estimated which greatly increases the workload of dermatologists. An objective
and automatic scoring method will greatly help reduce variation in scoring and
help to improve treatment research and clinical outcomes for patients as well as
reducing the workload for clinicians.

Table [ gives the different classes of PASI scores and some examples of lesions
that would have the corresponding classification.

Table 1. PASI Erythema and Scaling Severity Intensity Scoring

Erythema Erythema Scaling scoring Scaling im-

Scores Grade . .
scoring images ages

. . . B
Fine scaling covering |

1 Mild Light red part of the lesion
w . .
Red,but not ‘ Fine fco rough scaling
2 Moderate covering a large part
dark red .
of the lesion

Rough, thick scaling
3 Severe Dark red covering a large part
of the lesion

Very rough, very
thick scaling totally
covering the lesion

4 Very severe Very dark red

The aim of this paper is to give a procedure for automatically estimating
the severity of erythema and scaling using 2D digital skin images and the PASI
severity scale for erythema and scaling.

Computer aided methods for psoriasis severity scoring have been under inves-
tigation for a number of decades ﬂ] In B] the severity scores for erythema are
correlated with the hue (H) value and saturation (S) value in the HSV colour
model. The colour differences between psoriasis lesions and normal skin were
investigated in E] which concludes that the distribution of erythema severity is
correlated with the difference in hue value.

However, in ﬂé, IQ] the colour value is sampled randomly ignoring the variation
in lesion and skin colour to assess psoriasis severity. The colours of pigments in
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lesions are used by [10] to derive mean colour values in RGB colours space and
then these are used to grade the severity of lesions using K-Nearest Neighbours.

To the best of our knowledge the only work that attempts to grade the severity
of scaling is given in [10], where the severity of scaling is derived by building a
decision tree using the area of scaling inside the lesion to determine the lesion
severity.

The algorithm presented in this paper differs by deriving a series of features
that relate to the redness of erythema, the relative area of scaling and roughness
of scaling, to evaluate the severity of erythema and scaling in lesions. The features
used in this paper are based on a haemoglobin and melanin colour space [11]
and the relative scaling area and texture |[12]. Haemoglobin is related to the red
colour in skin and melanin is related to the yellow and brown colour in skin. The
algorithm and the severity features proposed are validated using multivariable
analysis and classification evaluation.

2 A Method for Scoring the Severity of Symptoms:
Erythema and Scaling in Psoriasis Lesions

2.1 Segmenting Erythema and Scaling in 2D Digital Skin Images

The severity scoring algorithm depends on first being able to identify psoriasis
lesions. A typical psoriasis lesion is composed of an area of red inflamed skin
(erythema) that surrounds an area of raised, rough scaly skin. Psoriasis lesions
can also manifest as just erythema or as patches of scaly skin that are only
partially surrounded by erythema. In our previous work an algorithm for seg-
menting erythema from normal skin is given in [11] and for segmenting scaling
from erythema and normal skin is given in [12].

In [11] there are two key steps in the segmentation of erythema: (1) the
decomposition of skin colour into melanin and haemoglobin components; and
(2) erythema classification. Firstly, two independent components are extracted
in the log RGB colour space using Independent Component Analysis, which
correlates well with the haemoglobin and melanin.

Assuming that the variation in skin colour in the image are caused by melanin
and haemoglobin and that melanin and haemoglobin are mutually independent
then skin colour can be expressed as a linear combination of the melanin and
haemoglobin components. A simple model of skin colour in the RGB colour space
in terms of melanin and haemoglobin components is given by:

Loy =c"qp, + chqiy + A (1)
where ¢ and ¢" are the melanin and haemoglobin basis vectors in the RGB
colour space, ¢g;", and qg’y are the quantities of each pigment for the skin colour
L, , at coordinate (z,y), and A is a constant vector that depends on other skin
pigments and skin structure. Secondly, a Support Vector Machine (SVM) is then
used to separate erythema pixels from normal skin using the erythema features
Qqry and qg’y.
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Scaling is segmented from normal skin and erythema using a classification
algorithm composed of the following steps:

Step 1. A scaling colour contrast filter is constructed using the L* com-
ponent and the a* component in the L*a*b* colour space. The filter height-
ens the contrast between the whiter scaling pixels and the surrounding red
erythema pixels.

The filter is a good differentiator of scaling from erythema but does not
always give enough contrast to differentiate scaling from normal skin, espe-
cially under bright lights or if the skin is pale like scaly skin in a lesion.

Step 2. Scaling, which is rough, can be differentiated from normal skin, which
is smooth, based on texture. Gabor filters have proved a useful tool for
estimating the degree of 'roughness’ and so are used here.

The second step is to derive a set of Gabor responses for each pixel in the
image using a bank of Gabor filters tuned for different directions and spatial
frequencies. The resulting Gabor feature in the image can be displayed
using a gray-scale value that captures the degree of 'roughness’ at the pixel.

Step 3. The Gabor features together with the colour contrast features obtained
from the scaling colour contrast filter are then used to segment scaling from
normal skin using a SVM smoothed by a Markov Random Field (MRF),
which properly classifies any pixels that are misclassified by the SVM.

Figure [ shows the segmentation of erythema and scaling in a psoriasis lesion.

Melanin component Haemoglobin
image component image

g

BT AR |
Original image Segmentation result

Scaling saliency map Gabor feature image

Fig. 1. Segmentation of erythema and scaling: segmented erythema is marked in red,
and segmented scaling is marked in blue

2.2 Determining the Severity of the Psoriasis Lesions Using
Erythema and Scalingness

In this paper we view erythema and scaling scoring as a multiclass classification
problem. The erythema and scaling are can be simply referred as symptom type
I and symptom type II respectively.

The input is a 2D digital image of a lesion described by a set F with a series
of features depending on the symptom type that is being scored. Ignoring the
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zero score due to its non-ambiguity in the clinical scoring, the output will be
the set C' = {1 := Mild, 2 := Moderate,3 := Severe,4 := Very severe}. The
classification function P is built, such that P : F — C.

The rule of PASI guidelines for scoring the symptom type I erythema is based
on the colour of the lesion (as shown in Table[I]). The deeper the red colour, the
higher the severity score.

The haemoglobin and melanin components are the features used for scoring
erythema. Note that dermatologists score erythema by comparing with the sur-
rounding normal skin and so we employ the relative haemoglobin and relative
melanin features, V¢ and Vg™, in our classification algorithm. The erythema
severity feature set is given by F' = {Vq", V¢™}, where Vg" is the mean differ-
ence of haemoglobin values between erythema and normal skin, and V¢™ is the
mean difference of melanin values between erythema and the normal skin in the
lesion.

Scoring of erythema is done by a KNN for its simplicity, where K = 5 has
been empirically determined. The severity of erythema is decided by the majority
training samples in the K nearest neighbourhoods.

The PASI scoring of symptom type II: scaling is also shown in Table [l The
severity scoring rule is based on the roughness of the scaling and the area of
scaling relative to the whole lesion.

The features used to differentiate scaling from erythema and normal skin are
thus F' = {g,r}, where g is the mean value of Gabor features describing the
degree of roughness and r is the ratio of scaling area to the whole lesion area.

The performance of the C4.5 decision tree used in our algorithm is better
than a range of other classification methods which was determined empirically
for the scaling severity classification problem. The decision tree is split based on
a normalised information gain criterion, followed by post-pruning to avoid the
over-fitting |13].

3 Validating the Method

3.1 The Experimental Design

Samples of psoriasis skin images are collected from the Skin & Cancer Foundation
Victoria, where the imaging environment is carefully set to ensure controlled
illumination. The images used in the comparison were those that were given the
same PASI scores by two dermatologists.

The proposed algorithm is validated based linear correlation and classification
performance. The linear correlation between the features used in our method
with the severity scores given by dermatologists is analysed first. Then the clas-
sification accuracy of our scoring method is compared with other scoring systems.

In the linear correlation stage, a t-test is used to measure the correlation based
on the hypothesis that the observation of one class is at least as extreme as an-
other class. The resulting p-values and F-values are shown. Moreover, correlation
between severity scores and severity features is analysed using correlation coef-
ficients. The analysis shows a linear relationship using a normalised covariance.
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In the classification performance evaluation stage, classification accuracy is
calculated as the percentage of correctly classified samples. In our experiment,
the classification accuracy for each severity degree is evaluated by a 10-fold
cross validation. Assuming the accuracy difference between two classifiers is a t-
distribution, by setting the confidence level to be 0.95, the confidence interval of
true accuracy difference is analysed. If zero is not in the range of the confidence
interval, the performance of two classifiers is significantly different.

3.2 Symptom Type I: Erythema Severity Scoring

There are 88 images of erythema lesions spanning a number of different skin
types and ethnicities, where 10 samples score 1, 31 samples score 2, 37 samples
score 3, and 10 samples score 4.

Linear Correlation Analysis. The result of linear correlation between ery-
thema severity and colour features is shown in Table2l TableRlalso shows relative
hue component VH® used in |9], and relative spectral components VR, VG |
VB from the RGB colour space proposed in [10]. The relative colour component
features are defined to be the difference of mean values between erythema and
normal skin. Specifically, the hue component in [9] is defined as the arctangent
of ratio of a® component to b* component in the L*a*b* colour space.

The distribution of the melanin and haemoglobin components with changes
to erythema severity intensity is presented with box plots in Figure 2l Notice
that though mean values of the melanin component, haemoglobin component
and their summation are linearly related with the severity intensity in general,
it is hard to distinguish erythema severity by setting thresholding values alone.

Scoring. The result of our erythema scoring method is compared with the
results obtained by the Minimum Centre Distance (MCD), where a test sample
is grouped into a class in which the mean value of the training samples is closest
to the test sample in a feature space [14].

Table 2. Analysis Of Linear Correlation Between Erythema Severity And Colour
Features

Features p-value F-value Correlation coefficient
V Hab 0.299 1.24 0.048

VR 4.52E-06 10.79 -0.448

vG 2.18E-10 21.4 -0.63

VB 6.19E-07 12.72 -0.538

VR+ VG + VB 2.10E-08 16.22 -0.569

Vg™ 0.048 2.74 0.194

Vqh 1.44E-09 19.19 0.616

Vgl +Vgm 6.58E-06 10.439 0.456
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Fig. 2. Box plots of haemoglobin component and melanin component distributions
with changes of erythema severity. (a) Box plot of melanin component distribution
with changes of erythema severity intensity. (b) Box plot of haemoglobin component
distribution with changes of erythema severity intensity. (¢) Box plot of summation of
haemoglobin component and melanin component distribution with changes of erythema
severity intensity.

Figure [3 illustrates the classification accuracy of KNN and MCD clustering
samples using features of relative colour component VR,VG and VB in the
RGB colour space and the features of relative haemoglobin and melanin com-
ponent, V¢ and V¢™. KNN clustering method using the relative haemoglobin
and melanin components shows the highest accuracy compared with other meth-
ods. The mean accuracy in the 10-fold cross validation is 78.85%. Moreover, the
performance of KNN is better than MCD in general. For erythema, the accu-
racy of severity 1 and severity 4 are better than the accuracy for severity 2
and severity 3. This is due to the ambiguity in scoring severity 2 and severity 3
lesions.

Assuming that the accuracy differences in the k-fold cross validation is a t-
distribution, the statistical significance of the accuracy difference between the
top classifier using KNN with the features used in our algorithm and other
severity classifiers are shown in Table Bl The indications are that performance
of the top classifier is significantly better that the rest.

Table 3. Accuracy difference between the classifier using KNN in space spanned by
haemoglobin component and melanin component and other implemented classifiers

Compared classifier Colour space Accuracy difference

MCD RGB colour space [-0.097, -0.092]

MCD Haemoglobin an melanin [-0.1, -0.096]
component

KNN RGB colour space [-0.052, -0.05]
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Fig. 3. Accuracy of erythema scoring with 10-fold cross validation for a series of sever-
ities and the corresponding classifier. (a) Accuracy of erythema scoring in the RGB
colour space using MCD. (b) Accuracy of erythema scoring in the space spanned by the
haemoglobin component and melanin component using MCD. (c¢) Accuracy of erythema
scoring in the RGB colour space using KNN. (d) Accuracy of erythema scoring in the
space spanned by the haemoglobin component and melanin component using KNN.

3.3 Symptom Type II: Scaling Severity Scoring

In the scaling severity scoring part, 52 images of psoriatic lesion are collected. They
are composed of 10 images with scaling severity 1, 17 images with scaling severity
2, 18 images with scaling severity 3, and 7 images with scaling severity 4.

Linear Correlation Analysis. Linear correlation analysis is shown in Table [l
We examined the feature scaling area s, which is considered as a major element
related with scaling severity in E], and the feature set proposed in this paper.

Observe that even though scaling area has a higher correlation coefficient
than relative scaling area, it does not possess priority in p-values and F-values,
especially when compared to the roughness degree.

Figure @ shows the distribution of relative scaling area, scaling roughness
degree and their summation with changes of scaling severity intensity. We can see
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Table 4. Analysis of Linear Correlation Between Scaling Severity And Its Features

Features p-value F-value Correlation coefficient
S 0.023 3.44 0.316
r 0.019 3.61 0.18
g 8.67E-09 19.81 0.641
r+g 4.59E-07 14.55 0.58
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Fig. 4. Box plots of relative scaling area and scaling roughness degree distribution with
changes of scaling severity intensity. (a) Box plot of relative scaling area distribution
with changes of scaling severity intensity. (b) Box plot of scaling roughness degree
distribution with changes of scaling severity intensity. (¢) Box plot of summation of
relative scaling area and scaling roughness degree distribution with changes of scaling
severity intensity.

that ranges of the two features and their summation overlap for different scaling
severity intensities. No clear linear relationship exists between the features and
the severity intensities.

Scoring. The performance of our scaling scoring method is compared with
KNN and the method in [10], where a decision tree is employed to score the
severity degree with the scaling area. The result is shown in Figure Bl For KNN
and the decision tree, scoring accuracy for severity 1 and severity 4 is generally
better than scoring accuracy for severity 2 and severity 3 as with the symptom
type I: erythema. Moreover, using the feature set of our method the accuracy is
much better than features proposed in |10]. Using features in [10], KNN and the
decision tree achieve accuracy of 79.58% and 78.58% respectively, while using our
proposed features, an accuracy of 86.75% for KNN and 88.67% for the decision
tree are achieved on the samples.

In Table B the statistical significance of the accuracy difference between the
classifier using the decision tree with the relative scaling area and the scaling
roughness degree and other implemented scaling scoring classifiers is shown. All
of the difference ranges do not include zero. Thus the accuracy of the decision tree
we proposed is significantly different when compared with the other classifiers.
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Fig. 5. Accuracy of scaling scoring with 10-fold cross validation for a series of severities
and the corresponding classifier. (a) Accuracy of scaling scoring using KNN with the
feature proposed in lm] (b) Accuracy of scaling scoring using KNN with the features
of relative scaling area and scaling roughness degree. (c) Accuracy of scaling scoring
using the decision tree with the feature proposed in HE] (d) Accuracy of scaling scoring
using the decision tree with the features of relative scaling area and scaling roughness
degree.

Table 5. Accuracy difference between the classifier using the decision tree with rela-
tive scaling area and scaling roughness degree and other implemented scaling scoring
classifiers

Compared classifier Scaling features Accuracy difference
KNN Features in [10] [0.087, 0.095]
KNN Relative scaling area and [0.081, 0.02]

scaling roughness degree
Decision tree Features in [10] [0.1, 0.102]
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4 Discussion

Comparing the erythema scoring method proposed here with [9] shows that our
method performs better on the sample. The statistics in Table 2] indicates that
our method performs better on the sample, while Figure Blindicates that scoring
performance using the melanin and haemoglobin components is better on the
sample than the RGB colours, as suggested in [10]. This can be due to the fact
that melanin is distributed in normal skin and is factoring in erythema intensity.

Our scaling severity scoring method outperformed the method in [10], where
only scaling area is used. Table @ indicates that the roughness degree in our
model has significantly better statistical correlation values.

Both erythema scoring and scaling scoring give good classification accuracy
for the lowest and highest severity, while the classification accuracy for medium
severity is a little lower. The severity features derived from segmentation have
the obvious advantage in distinguishing symptoms from normal skin, but to
further classify the symptom severity, more features closely related to the severity
intensities will be explored in future.

Severity 1 erythema may be improperly segmented if the training sets are not
chosen carefully. Selecting training sets from individual images will avoid this
problem. When it comes to the scaling segmentation, mis-segmentation hap-
pened to scaling with severity 1 as well. Shallow redness and shadows are ma-
jor disturbances in this situation. Determining severity intensity scores in the
presence of such disturbance is a topic for future work.

5 Conclusion

In this paper,we proposed automatic scoring methods for erythema and scaling
in 2D psoriasis images. Our algorithm is shown to perform better when com-
pared with previous severity models based on the concurrent scores from two
dermatologists for a range of different images. In the future, we will continue to
focus on the analysis of psoriasis images with the view to determining a wider
range of severity scores. More comprehensive models and learning methods will
be proposed to achieve this.

Acknowledgments. The authors would like thank to Skin & Cancer Founda-
tion Victoria, Australia and St. Vincent’s Hospital Melbourne for support of the
research.
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