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Abstract. A new skin-imaging method, which was developed recently, gives an informative image data about skin
moles by collecting scattered polarized light reflected from their tissue area at different wavelengths and polar-
izations. This method is called as optical rotational spectropolarimetric imaging (ORSI), which scans the polari-
zation states by continuously rotating a linearly polarized light incident on the lesion and collecting the reflected
sequence of images. A novel method to distinguish cancerous from benign moles by analyzing the images obtained
using this imaging system is proposed. The proposed method performs an automatic examination of the polarized
images according to characteristics such as their cross-image local contrasts, large-scale homogeneity, border dis-
order, and asymmetry. The pilot study was conducted with 10 subjects, in which two ORSI image sequences at two
different wavelengths were taken for each subject. Results show good separation between cancerous and benign
moles and between benign moles with high dysplasia. © 2013 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/

1.JBO.18.11.111403]
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1 Introduction
Optical imaging of the skin to detect the signs of cancer is very
common today.1–8 This is aided by increased computational
power, and allows the physician to analyze the mole without
the presence of the patient. Skin cancer usually arises in the epi-
dermis and dermis layers.1,9 The physician’s eye may have dif-
ficulty reliably characterizing and classifing skin cancer from
the observable superficial tissue layer when most of the back-
scattered light originates from the deeper tissue layers.

Noninvasive optical diagnosis methods are becoming famil-
iar lately, and much effort is dedicated to the development of
cheap and compact tools for skin cancer detection.10–17 The
advance of computers, as well as lasers and photonics, has
made it possible to develop additional techniques that were
impossible a few years ago. These approaches provide the der-
matologist with sensitive tools to measure the skin’s condition in
terms of physiologic parameters (e.g., color, shape, etc.).

Epiluminescence microscopy (or dermatoscopy) was found
to give more detailed inspection of the surface of pigmented skin
lesions, and by using the oil immersion technique it permits the
study of the dermoepidermal junction. This method enhanced
the diagnostic accuracy of evaluating a number of morphologi-
cal features normally invisible to the naked eye.18,19 Various im-
aging methods have been developed to produce images for skin
cancer diagnosis from deep inside tissue such as confocal
microscopy which has been achieved by detecting the single
backscattering at a particular depth underneath the skin surface
with a spatial filter.20,21 The ultraviolet (UV) light approach has
an advantage in that UV rays are more selectively absorbed by
melanin in the epidermis compared to visible light.22 Another

approach uses THz radiation which is absorbed differently in
cancerous tissue due to the increased water concentration.12

Several methods have been developed in the past to diagnose
suspicious moles from visual images. The most common routine
is simply looking at the mole23 with the naked eye or a magni-
fying glass. Most physicians use theoretical criteria and rely on
visual-clinical experience to diagnose tumors on the skin, before
sending the patient to get a biopsy.24 The best known guideline
to identify signs of melanoma in color images is termed
ABCDE.25,26 The ABCD criteria stands for: A—Asymmetry;
a mole that, when divided in half, does not look the same on
both sides (malignant moles are less symmetric); B—Border;
a mole with blurry or jagged edges is more likely to be malig-
nant; C—Color; changes in the color of a mole, including dark-
ening, spread of color, loss of color, or the appearance of
multiple colors such as blue, red, white, pink, purple, or gray;
D—Diameter; a mole larger than 1∕4 in: diameter is also a pos-
sible characteristic of a malignant case. Newer studies also
included the lesion evolution in the diagnosis of cutaneous mela-
noma, expressed as E (for “Evolving”).26 This measure quanti-
fies changes of the mole (size, shape, color, etc.) during a period
of time. In a more recent study, nonlinear methodologies in frac-
tal analysis have been used to find new features of cancerous
mole in these images.27

Since skin cancer often arises in the dermis where it disrupts
the natural order of the collagen matrix, polarized-light imaging
was proposed to detect cancer. New approaches for imaging skin
cancer are being developed using polarized light.28–32 A light
beam traveling through the superficial layers of the skin will
have its polarization status changed by the local form birefrin-
gence matrix of collagen fibers.

A new method for noninvasive imaging of the skin was
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and wavelength control.1,2 This method, is called optical rota-
tional spectropolarimetric imaging (ORSI), gives unique infor-
mation of the tissue by collecting scattered-rotated polarized
light from it. This imaging system can operate at a wide spectral
range from visible to near infrared (400 to 900 nm). Since the
collagen and the fibrils textures orientations depend on their
location in the skin and they are not well organized, ORSI
scans the polarization states by continuously rotating a linearly
polarized light incident on the lesion and collecting the reflected
signal with a CCD camera. Because cheap cameras are usually
used to keep the costs of the system moderate, the images pro-
duced by this system are slightly noisy. The cheap camera
option will always remain valid, however, because of the
wide distribution of such skin diagnostic tool it is important
fotr it to have a low cost. Image noise can be always corrected
in a cheaper way using digital processing. In this paper, we pro-
pose a method to classify the moles into malignant and benign
by analyzing the images obtained by this system. Our algorithm
automatically evaluates the polarized-rotated images by produc-
ing and assessing various characteristics, including asymmetry
of compactness, border irregularity, local contrasts, and large-
scale nonhomogeneity.

2 Formation of the ORSI Images
The ORSI system takes images of suspicious moles in different
wavelengths that allow the examination of particular depths.2 It
is based on novel liquid crystal devices for polarization and
wavelength control developed in our group.33–36 The two main
wavelengths that were used in the study are 520 and 700 nm. At
520 nm the penetration is about 100 μm (all of the epidermis
area), and at 700 nm the penetration is about 200 μm (first
layer of the dermis). Hence, for each of the moles examined,
two sequences of ORSI images have been produced for the
analysis.

The recorded images were taken from 10 patients who came
to remove various skin lesions in the Ambulatory Surgery
Department of Plastic Surgery in Soroka University Hospital.
The indications to remove the tumors were clinical suspicion
of malignancy, functional or aesthetical disorder. In practice,
before patients entered into surgery to remove the tumors, they
were taken into a side room where the moles were photographed
by the ORSI system.

The ORSI produces a sequence of images, while the incident
polarization angle is changed in small steps of 1 to 4 deg. At the
end of this process, a video file is produced with the polarized
images at different orientations. Examples of benign and malig-
nant moles images obtained by a regular camera and the ORSI
system are shown in Fig. 1.

2.1 Averaging Frame Differences

Boundaries and high-scattering zones are expected to be more
sensitive to the changes of the incident light polarization
angle.1,2 Thus, at these locations, larger differences in the
images’ intensity between two or more angles (frames) are
anticipated. On the other hand, areas that do not experience
denaturization of the dermis or epidermis layers will likely
exhibit weaker differences between images at different angles
of the impinged polarization. Therefore, some further informa-
tion about the mole structure can be obtained from the
differences between frames obtained at near-polarization angles.
By averaging the absolute value of the differences, regions with
strong scattering, which represent the skin deformation, can be
enhanced:2

AFC ¼ 1

N − 1

XN−1

k¼1

jIkþ1 − Ikj
Ikþ1 þ Ik

; (1)

where Ik, Ikþ1 are adjacent frames obtained at adjacent angles of
the incident polarization,N is the total number of rotated frames,
and AFC is the normalized sum of rotated frame differences. It is
likely that backscattering in areas that do not have significant
deformation will hardly change when altering the polarization
angle, while an area in the mole with high deformation will
be more prominent.2

3 Preprocessing and Feature Formation
The proposed method can be divided into two main parts. The
first part is preprocessing and feature formation, which includes
image denoising, intensity-based segmentation of the mole, and
contour formation of the segmented regions. The second part is
the classification of the mole based on analyzing the produced
features. This part includes assessing of the asymmetry and
border-irregularity characteristics in their AFC and the cross-
image local contrast and large-scale homogeneity (variations)
of the ORSI images.

3.1 Image Denoising

ORSI images have a relatively high level of noise, as explained
above, due to the use of relatively low-cost camera. For a more
reliable analysis of the images, denoising them with minimum
information loss is desired. Various methods exist for image
denoising, and several well-used methods were tested on the
ORSI images, including median filtering,37 Gaussian smooth-
ing,37 wavelet denoising,38 and bilateral filtering.39 We selected
the median-filtering method because, while being relatively sim-
ple, it showed a better ability to preserve the borders of the mole.

Fig. 1 Mole images. (a) In the left, a standard visual image of a benign mole obtained with a digital camera; and in the right, the optical rotational
spectropolarimetric imaging (ORSI) image of this mole. (b) The same as (a), but for a cancerous mole.
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3.2 Segmentation of the Mole Structure

In order to produce mole characteristics, we have to define the
mole region within the ORSI image. Since the moles do not have
clear shape boundaries and the images contain intensity irregu-
larities and some remaining noise, the mole region could not be
defined using the standard-edge detection (i.e., by detecting
locations of strong intensity variations). However, since the
mole area (both types) is generally characterized by darker
intensity values, a brightness-based segmentation was carried
out based on the image gray-level histogram. A threshold,
adapted to each image, was obtained using the Otsu technique40

in which a gray-level threshold k divides the image into two
clusters: C0 (below k) with mean μ0 and variance σ20 and C1

above or equals k) with mean μ1 and variance σ21. Defining
λðkÞ ¼ σ2BðkÞ∕σ2wðkÞ, the optimal threshold k� will maximize

λðk�Þ ¼ max
k

σ2BðkÞ∕σ2wðkÞ; (2)

where σ2w ¼ w0σ
2
0 þ w1σ

2
1 is the within-class variance, σ2B ¼

w0w1ðμ1 − μ0Þ2 is the between-class variance, and w0 and w1

are the weights of each class.

4 Classification Measures
For the analysis of the imaged moles, we quantify properties of
the ORSI images, properties across the sequence of images, and
properties of the AFC images where the disordered border is
emphasized (the last two measures).

4.1 Local Contrast Across the ORSI Images

The hypothesis is that macroscopic changes due to dysplasia
will generate larger differences in the backscattered light.

This measure aims to find how the mole type influences the
differences in the backscattered light across images at local
areas. The measure is calculated according to the follow-
ing steps:

Step 1: Normalization of the intensity range of the polarized
images to diminish the effects of lighting differences.

Step 2: Division of the image into M ×M × N pixels three-
dimensional (3-D) boxes (M ¼ 32), as shown in Fig. 2.

Step 3: For each box, a local contrast (LC) is determined as the
variance between the patches at the same location over all
the polarization-rotated frames:

LCbox j ¼
1

N − 1

XN
k¼1

ðIMk;j − ¯IMk;jÞ2; (3)

where IMk is the average of anM ×M patch area j of the image

Ik, and
¯IMk is the average of all the patchs IMk at the same loca-

tion across all the N frames in the sequence. These values are
shown in Fig. 2 by the numbers inside the squares.

Step 4: The variances of all the boxes are averaged producing a
single number measure of a local (small scale) contrast across
the polarization-rotated mole images.

L̄Ctotal ¼
1

J

XJ
j¼1

LCbox j; (4)

where J is the total number of all boxes, and equals
ðR × TÞ∕ðM ×MÞ where R and T are the dimensions of the
image (R ¼ 420 and T ¼ 640). We can see that higher varian-
ces exist at the mole borders, while at the healthy skin areas,
the variances are the lowest. In the final step, we average the
entire variances and obtain a single number measure that rep-
resents the mole’s local contrast across the ORSI images.

4.2 Large-Scale Homogeneity

We have visually observed in the ORSI images that malignant
moles have more structural large-scale variations, i.e., hill-like
shapes within the mole region, compared with benign moles.
A good measure of this structural dissimilarity can be the num-
ber of such hills (or “segments”) that construct the mole. This
can be a measure of a large-scale nonhomogeneity in the malig-
nant moles with regard to a homogeneous behavior of the
benign moles. This measure can be seen as complementary to
the small-scale contrast measure shown in Sec. 3.1.

A threshold-based segmentation of the mole was imple-
mented to the ORSI images. The threshold level was chosen
according to Sec. 3.2. An example of the resulting segmentation
is shown in Fig. 3 for cases of benign and malignant moles
[Fig. 3(a) and 3(b), respectively]. It can be seen that while
only one segment was produced for the benign-mole case, many
segments were produced in the malignant-mole case.

4.3 Symmetry of Compactness of the Mole

A symmetry measure is carried out by first splitting the seg-
mented mole twice, once in the vertical direction and once in
the horizontal, and by crossing the center of mass of the

Fig. 2 The structure used in the local-contrast measure calculation. The
block of N frames is divided into three-dimensional (3-D) boxes of size
M ×M ×N, where M ×M is the size of each square in the images, at
which the calculated local-box contrast value is shown (by green and
red numbers).

Fig. 3 Segmented ORSI mole images: (a) A benign mole (one segment
found); (b) A malignant mole (10 segments found, shown by various
colored contours).

Journal of Biomedical Optics 111403-3 November 2013 • Vol. 18(11)

Graham, Yitzhaky, and Abdulhalim: Classification of skin moles from optical spectropolarimetric images. . .



mole segment. The center of mass is the point at which the same
number of pixels exists at the two halves of the splits in both
directions.

After splitting the mole [Fig. 4(b)], the similarity between the
halves is quantified. We use the normalized-compactness mea-
sure that quantifies the efficiency of the contour to contain a
given area,41

Cp ¼ 1 −
4 · π · A

P2
; (5)

where P is the contour perimeter and A is the area enclosed. The
smaller the area contained by a contour of a given length, the
larger the value of this measure will be. It has a lower bound of 0
for a circle, and increases with the complexity of the contour to a
maximum value of 1. The compactness measure is calculated for
each half in both directions. For example, Fig. 5 presents the
splitting and compactness values of the benign mole of
Fig. 4(a).

After calculating the Cp values, we calculate the similarity of
compactness of both horizontal and vertical splits. For the hori-
zontal split,

Similarity H ¼
�
1−

���� ðCp1 − Cp2Þ
ðCp1þ Cp2Þ

����
�

· 100: (6)

For the vertical split,

Similarity V ¼
�
1−

���� ðCp3 − Cp4Þ
ðCp3þ Cp4Þ

����
�

· 100: (7)

Finally, we calculate the symmetry of compactness of the
mole by averaging the two similarities of the horizontal and ver-
tical splits using

Similarity ¼ ðSimilarity H þ Similarity VÞ∕2: (8)

For images at which more than one segment is found by the
previous measure, this similarity measure is calculated for all the
detected segments, and the similarity with the lowest value
is used.

4.4 Border Irregularity of the Mole

For disorder recognition in the border of the mole, we used frac-
tal dimension (FD) algorithm using the box-counting method.
Fractal geometry42 provides a mathematical model for the
shapes of many complex objects found in nature such as coast-
lines, mountains, and clouds. These objects are not suitable for
description by Euclidean geometry. Self-similarity is an essen-
tial property of fractals in nature and may be quantified by the
FD value. The FD has been applied in texture analysis and seg-
mentation, shape measurement, and graphic analysis in other
fields. The box-counting method for the calculation of the
FD of a pictorial shape can be performed as follows: Place
the picture on a grid by dividing the image into equal-size
boxes. Then, count the number of boxes that the shape touches
and label this number (Nr). Now, reduce the grid-box sizes and

Fig. 4 (a) An AFC image of the benign mole as shown in Fig. 1(a). (b) The segmented and split mole. The blue line outlines the mole region segmented
according to Sec. 3.2, and the red lines show the vertical and horizontal splits of the bounded region.

Fig. 5 Horizontal and vertical splits and their compactness values.

DB

Log(box size)

L
og( N

r)

Fig. 6 The box-counting method for the calculation of the fractal dimension (FD).
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repeat the process several times. Plot the values found on a graph
where the x-axis is the log(s) and the y-axis is the log½NrðsÞ�,
and where s is the box-edge size. Draw the line of best fit, and
find the slope. The box-counting dimension measure is the slope
of that line (Fig. 6).

5 Results
There were 20 ORSI sequences of rotated-polarization skin
mole images available for this study. Figures 7–10 present

the results of each of the above measures, and Fig. 11 presents
a resulting mole classification space. In Figs. 7–10 the right red
bars, indexed 1 to 10, are the results of the malignant moles,
while the left blue and purple bars, indexed 11 to 20, represent
the benign moles. The moles indexed 13 and 18 (purple bars in
Figs. 9 and 10) are benign moles with high dysplasia, becoming-
cancerous moles. The clinical check of moles 13 and 18 by a
medical doctor (MD) was that they are benign moles. But
after these moles were checked by pathology MDs, who exam-
ined the biopsies, it was seen that these moles have higher
dysplasia than all the benign moles and are becoming cancerous
moles.

Figures 7 and 8 show the results of the across-frame local
contrast and large-scale homogeneity measures. We can see that
all the malignant moles have high variance and contours num-
bers, while the benign moles have low variance and contours
numbers.

Figures 9 and 10 show the results of the symmetry of com-
pactness and border-irregularity measures. We can see that all
the malignant moles have low symmetry of compactness and
border irregularity, while the benign moles have high sym-
metry and border irregularity except for 13 and 18, which
are benign moles with high dysplasia, becoming cancerous
moles.

Figure 11 presents 3-D classification space of the moles
according to the three strongest mole features (local contrast
across images, large-scale homogeneity, and asymmetry of
the mole’s extracted area). It can be seen from the figure that
the combination of these three mole features provides a separa-
tion between three different mole types: malignant (the black
triangles), benign (the blue asterisks), and the benign moles
but with high dysplasia (green circles). Note that the high
dysplasia cases appear as a separate cluster in Fig. 11.
However, it is only the difference in the symmetry of compact-
ness measure (Fig. 9), where they are similar to the malignant
cases that puts them at a different location with regard to the
benign cases.

Fig. 7 Results of the local contrast across the ORSI images measure.
Mole numbers 1 to 10 are the cancerous moles and 11 to 20 are
the benign moles.

Fig. 8 Results of the large-scale homogeneity measure. Moles 1 to 10
are the cancerous and 11 to 20 are the benign.

Fig. 9 Results of the symmetry of compactness measure. Moles 1 to 10 are the cancerous and 11 to 20 are the benign.
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6 Summary and Conclusions
In this study, we developed a method to automatically classify
malignant and benign moles from images obtained with a newly
developed skin imaging technique (called ORSI) that scans
reflected polarization properties by continuously rotating a lin-
early polarized light incident on the suspected mole area. Our
study examined these unique images in order to automatically
distinguish malignant from benign moles. This is a pilot study,
as only 10 subjects could be examined at this stage. For each
subject, two ORSI image sequences in two different wave-
lengths (520 and 700 nm) were taken and used for the mole
analysis and classification. We proposed four measures calcu-
lated on features extracted from the ORSI images to characterize
the moles. These measures include local contrast across polari-
zation-rotated images, large-scale homogeneity (measured by a

count of hill-like shapes), asymmetry of the mole’s extracted
area, and mole’s border disorder. The first two measures pro-
duced the highest differences between the malignant and benign
moles. However, the last two measures yielded a significant dif-
ference between the completely benign moles and benign moles
with high risk of becoming malignant, according to biopsy
results.
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