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STRACT 

Since 1994, a clinical study has been established to 
digitize melanocytic lesions from patients who are 
referred to the Colored Pigment Lesion Clinic in the 
University of British Columbia. In the past, we have 
been using circularity as the main feature to reflect 
the asymmetrical aspect of skin lesions. However, its 
significance often depends on the accuracy of image 
segmentation while the borders of many lesions are 
often fuzzy and irregular. In this paper, we investi- 
gate how to use symmetry distance (SD) to improve 
the measurement of the asymmetries of skin lesions. 
Two SDs, including the basic SD and the fuzzy SD, 
and the simple circularity are calculated based on the 
new set of color images which are digitized under the 
controlled environment. 

Keywords: circularity, s y m m e t r y  distances,  
melanomas, medical  imaging 

1. Introduction 

Malignant melanoma is the most common cancer in 
people less than 35 years of age and incident rates 
are increasing by approximately 5% per annum in 
many white populations, including British Columbia, 
Canada [l]. Without timely diagnosis and treat- 
ment, it  is frequently fatal. However, the prognosis 
for cure is excellent when the malignant melanoma 
is detected early and removed by surgery [2]. In re- 
cent years, with increasing public awareness of the 
disease and the importance of early detection, more 
and more people are seeking professional advice for 
pigmented lesions. Skin biopsies have become the 
- 
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Figure 1: A Skin Lesion. 

most reimbursed Medicare procedure in the USA 
[3]. Early identification reduces the risk of death 
from melanoma but a false positive diagnosis adds 
extra cost to health care, and also causes unneces- 
sary surgery for patients. There are guidelines de- 
veloped to recognize dysplastic nevi and malignant 
melanomas such as the ABCD rule [2] and the Seven- 
point Checklist [4]. However, diagnosis of some of 
the lesions is difficult even for the trained dermatol- 
ogists. It is highly desirable to develop clinical tools 
to aid the diagnosis. Different approaches have been 
used by many researchers to improve clinical diag- 
nosis accuracy. The journal Computerized Medical 
Imaging and Graphics devoted the 1992 May/June 
issue to discuss some of the techniques. Other pub- 
lications include measuring the infrared and ultravi- 
olet reflectance [5], utilizing a low-power surface mi- 
croscope [SI , digitizing and analyzing the pre-existing 
slides [7] , and constructing a spectroanalyzer [8]. 

Since 1994, we have conducted a clinical study to 
digitize melanocytic lesions under a controlled envi- 
ronment for patients who are referred to the Pig- 

421 1 



mented Lesion Clinic in the University of British 
Columbia, Canada. When reviewing the melanocytic 
lesions, they can be divided into 3 types; benign nevi, 
dysplastic nevi and malignant melanomas. Benign 
melanocytic nevi are usually less than 5 mm in di- 
ameter, with a regular or distinct border, and its 
color is orderly or tan-brown. Dysplastic nevi are 
greater than 5 mm and have borders that are usu- 
ally irregular and frequently ill-defined. The color 
is variegated, ranging from tan to dark brown on a 
pink background. Malignant melanomas are charac- 
terized by sudden or continuous changes in size and 
the development of an irregular and/or notched bor- 
der. In summary, there are four clinical criteria to 
diagnosis a lesion, namely shape, size, color and ir- 
regularity of the border. It is the first criterion which 
has raised our interest in applying the symmetry dis- 
tance to  provide a measure to discriminate different 
types of melanocytic lesions. 

In a previous study, twelve different features with 
respect to  the clinical guidelines for differentiating 
skin lesions, such as asymmetry, intensity and irreg- 
ularity, were applied to a sample set of images of skin 
lesions. Two of them were found to be significant, 
namely circularity and fractal dimension 171. 

In this paper, we investigate how to use symme- 
try distance (SD) to improve the measurement of the 
asymmetries of skin lesions. We improve the SD to 
deal with fuzzy borders of skin lesions as well as to  
reduce its computational complexity. Two SDs, in- 
cluding the basic SD and the fuzzy SD, and the sim- 
ple circularity are calculated based on the new set of 
color images which are digitized under the controlled 
environment. 

2 Images 
The RGB color images with pixel resolution 512 x 
486 are digitized by a hand-held camera which is 
placed directly on the patient’s skin (see Figure 1). 
Around the edge of the camera, there is a ring of light 
providing a standard lighting condition. Each image 
has one or more lesions located near the centre and 
the lesions are surrounded by normal skin. Some- 
times there are hairs, pigments and a bright blue ink 
mark (a marker made by the dermatologist). Usu- 
ally, the intensity of the normal skin is uniformly dis- 
tributed, but the lesion can vary in size, shape, color 
and intensity. In many cases, the separation between 
a lesion and the surrounding skin is fuzzy. After 
careful examining the images, some interesting char- 
acteristics are observed: lesions are usually darker or 

Let P be a shape with n points. 

Fold the points of P by rotating each point Pi coun- 
terclockwise about the centroid of P by 2niln radi- 
ans. 

Calculate the average of the points as PO. 
Unfold the points by duplicating PO and rotate clock- 
wise about the centroid by 2 ~ 1 / n  radians. 

Figure 2: Symmetry Transform Algorithm. 

more red in color than the surrounding skin not be- 
cause they have more red pigment, but because they 
are lacking in the blue component. Furthermore, the 
blue band shows a better separation for the lesions 
than the other two bands. Hence, we have developed 
a rule-based system to put more weight on the blue 
band during the segmentation step [9]. 

3 Circularity 
In many previous studies, circularity is used as the 
main feature to reflect the asymmetrical aspect of 
skin lesions [lo, 11, 121. However, its significance 
often depends on the accuracy of image segmentation 
while the borders of many lesions are often fuzzy and 
irregular. Its basic formula is 

4irA 
P2 

CIRC= - 

where P and A are the perimeter and area, respec- 
tively. For a given perfect circle, CIRC equals to  1. 
This measurement is independent of scale, as both 
denominator and numerator are proportional to the 
square of the perimeter for a given shape. However, 
the border of a lesion may be highly irregular and 
is similar to  a fractal curve [13]. This would cause 
the segmented region of an image appeared to  have 
a thick border but a small internal area. The calcu- 
lated value of CIRC will then become very small and 
does not reflect the correct measurement. One may 
try to  apply thinning algorithms to  reduce the un- 
necessary border points. Though this will not only 
add extra complexity in the analysis, but a simple 
thinning algorithm may fail to  work correctly for a 
fractal border as well. 

4 Symmetry Distance 
In order to  solve the problems of using circularity 
to model the asymmetry of skin lesions, we have 
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Figure 3: The distance between shapes P and Q. 

adopted the use of Symmetry Distance (SD) [14]. Be- 
fore defining the SD, we first describe what is the 
meaning of the distance between two given shapes. 
In Figure 3, shape P is made up of points PI, Pz and 
e3, while shape Q is made up of points P;, Pi and Pi 
respectively. The distance between the two shapes is 
the total displacement of moving the corresponing 
points from P to Q divided by three. Formally, for 
any two shapes with n points, P and Q,  their dis- 
tance is defined as 

For a shape P ,  the symmetry transform is a trans- 
formation that will convert P into a symmetric shape 
cllosest to it, and the resultant shape is represented as 
S”(P). The SD of P is then the minimum distance 
required to move points from P to ST(P) .  That is 

(3) 

where Pi and Pi are points in P and ST(P)  respec- 
tively. Note that, similar to circularity, the definition 
of SD has implied invariance to rotation and trans- 
lation. However, its use requires a geometrical al- 
gorithm to perform ST. The original ST algorithm 
from [14] is shown in Figure 2. 

The algorithm has a folding step and an unfold- 
ing step. Its computational requirement is accept- 
able when there are only a relatively small number 
of points for a shape. It is becoming computation- 
ally expensive, though, when there can be hundreds 
of points on the border of a lesion. One possibility is 
to select a small set of points for the SD calculation. 
With this approach, the choice of points will influ- 
ence the value of SD and depends on the actual shape 

n 

Figure 4: Selecting points a t  regular angular inter- 
vals. 

of a lesion to be measured. One method is to consider 
selecting points by equal distance, but it may not be 
appropriate for fuzzy shapes. For example, in Fig- 
ure 8, the border of the segmented lesion is highly 
irregular and many points on the border are clus- 
tered together. Equal distance selection may result 
with non-characteristics points to represent the ac- 
tual shape of the lesion. Another method is to select 
points by using the smoothing procedures proposed 
in [14]. In this case, the SD calculation still requires 
the folding and unfolding steps. In order to eliminate 
these two steps, we suggest to select points at reg- 
ular angular intervals with respect to  the centroid. 
For example, in Figure 4, points at 0, 5, 7r, and 
with respect to the centroid are selected. However, 
the selected points may not be sufficient to represent 
the symmetrical behavior of the lesion. Therefore, 
we apply two techniques to remedy the problem in 
our new adaptive algorithm. 

We divide 27r by m - 1 equal angular intervals. 
For each angle with respect to the centroid, we 
calculate a smoothed point from the set of points 
of a shape which has the same angular degree. 
Therefore, m smoothed points are created to 
represent the shape. 

SDs are iteratively calculated with an increasing 
number of smoothed points until the relative ra- 
tio between two successive SDs is lower than a 
preset tolerance. 

The new algorithm is shown in Figure 5. As points 
are selected at regular angular intervals, the folding 
and unfolding steps in the Symmetry Transform are 
not necessary, and we can calculate the Po directly 
from the distances of the smoothed points to the cen- 
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1 .  Calculate m smoothcng points of P .  The smoothed 
points are evenly distributed along the angular dcs- 
placement with respect lo the cenfroid. 

2. Select k points at regular angular intervals to calcu- 
late the first SD. 

3. While (relative ratio between successive SDs > 
a tolerance level) 

e Let k =  2 x k .  

e Calculate the new SD. 

Figure 5: Adaptive SD Algorithm 

troid. In our work, we have experimented with differ- 
ent values for m and find that 90 is sufficient for most 
of our images. For the rest of the paper, we called the 
SDs calculated from the original algorithm in 1141 as 
BSD and ASD for our modified adaptive algorithm. 

5 Fuzzy Symmetry Distance 

The previous SD calculations relied heavily on the 
segmentation result. For a malignant nevus (lesion), 
we would expect it to have a highly ill-defined bor- 
der with which segmentation of the image can be 
difficult. We also observe that nevus images in gen- 
eral have a degree of randomness along the borders 
of lesions. To cope with the border fuzziness, there 
can be two approaches when calculating SDs. The 
first approach is to estimate the actual shape dur- 
ing the calculation of SDs. The second approach is 
to improve the discriminative power of the SDs by 
widening its numeric range for the images of lesions. 

The first approach is similar to finding a better seg- 
mentation method, which is difficult. Furthermore, 
as we are not interested in the absolute values of SDs, 
but rather on the relative distributions between SDs 
of symmetrical and asymmetrical lesions, the second 
approach is more appealing. Suppose there is a sim- 
ple shape R with its centroid as C ,  and a scalar factor 
f where 0 5 f 5 1. After calculating its Po, we can 
increase its SD by the following procedures. 

Move a point of R by the factor f inward when 
its distance from the centroid of R is less than 
that of Po. 

Move a point of R by the factor f outward when 
its distance from the centroid of R is more than 
that of Po. 

1 .  Let c be the centroid of P.  
2. Calculate m smoothing points of P. The smoothed 

points are evenly distributed along the angular dis- 
placement with respect to the centroid. 

3. Select k points at regular angular intervals. 

4. While (relative ratio between successive SDs > 
a tolerance level) 

e Let Aogd be the average distance of the k points 

e For each point p 

from the centroid. 

- If OIp - c)I < Aogd) then move p towards 
c with the fuzzy factor f; 
Else move p away from c with the fuzzy 
factor f .  

e Calculate the SD. 
e Let k = k x 2. 

Figure 6: Fuzzy SD Algorithm. 

The factor f above is used to represent the seg- 
mentation accuracy. We call this factor as the fuzzy 
factor. For a point Pi lying on the border of R, the 
fuzzy factor implies that the actual location of Pi can 
be any point within a circle whose centre is at P; and 
radius is llP; - CII x f .  With the fuzzy condition, we 
revised the Adaptive SD Algorithm to be the Fuzzy 
SD Algorithm as presented in Figure 6. To distin- 
guish it from the others, we name the SDs calculated 
from it as F S D  thereafter. 

6 Results 
To test the performance of the different symmetrical 
measurements, we used 84 images of melanocytic le- 
sions which are not hairy in our image dataset. An 
example of a hairy image is shown in Figure 7. Each 
color image has three color bands (RGB) and each 
band has 256 levels. It is segmented by the multi- 
stage method [9] into two major regions: the ne- 
vus region and the non-nevus region. An example 
is shown in Figure 8 where the segmented lesion is 
surrounded by white lines. 

For each lesion, a dermatologist has been asked to 
diagnosis it with the  ABCD criteria. If a lesion’s im- 
age has been diagnosed with A, we label it as having 
an asymmetry problem. This information is used 
to compare the performance of the different symmet- 
rical measurements. 

After the segmentations, we transformed the color 
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Figure 7: A Hairy Image. Figure 8: A Segmented Lesion 

images into gray level images by using the TIFF li- 
brary. The gray level images are processed to com- 
pute their corresponding symmetrical measurements. 
Each image then has the 4 symmetrical measure- 
ments calculated. The student t-test is used to com- 
pare the mean values of the measurements between 
the symmetric and asymmetric lesions. The result 
is shown in Figure 9. The F-value at  each row in- 
dicates the significance between the distribution of 
symmetrical measurements of the lesions of the cor- 
responding method. If it is large, then the method 
has a better differentiating ability. 

Among all the methods, the simple circularity, 
CIRC, still performed reasonably well. It has a F- 
value of 2.13 and the difference between the means is 
about 0.06. The BSD method has the worst differen- 
tial ability; while the F S D  has the best performance 
among all. It has a F-value of 2.56 and the differ- 
ence between the means is about 0.15. During the 
calculations of the measurements, we observed that 
for lesions with irregular(fuzzy) borders, the values 
of circularity can be very high and failed to reflect 
the actual values that are intended to measure. 

7 Conclusion 

In this paper, we have been applying the symmetry 
distance in measuring the asymmetry of a lesion. We 
calculated the different symmetrical measurements 
for the color images digitized from lesions of patients 
visiting the Colored Pigment Lesion Clinic in Van- 
couver, Canada. From the results, we observed that 
the fuzzy SD performed best in gray level images. In 
order to improve our work, further investigation is 
needed. Some of them is shown below. 

ASD 
F S D  

Mean Mean F-Value 
(Asymmetric) (Symmetric) 
0.172 0.229 2.13 
0.504 0.413 1.47 
0.625 0.676 2.07 
0.179 0.327 2.56 

Figure 9: Symmetrical Measurements for the Gray 
Level Images 

Enhance the current segmentation algorithm for 
hairy images so as to include more images to 
validate the symmetrical measurements. 

Develop a better asymmetrical measure which 
will consider regional shapes of a complicated 
lesion. 
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