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Abstract

The Polartechnics SolarScan is an Australian medical
instrument designed to help physicians diagnose melanoma.
It has been in development in Sydney since 1994 and has
now entered its commercial phase. Because of IP issues
many aspects of the image analysis subsystems could not be
discussed openly until recently. In this paper we describe
some of the algorithm designs that makes this instrument
powerful and reliable.

1. Introduction

Melanoma is the most deadly form of skin cancer. About
1000 Australians die each year as a result of melanoma.
As melanoma can readily spread through the whole body it
must be detected and treated early for best survival chances.
Most Australians go to their GPs for skin checkups, how-
ever not all GPs can be trained to diagnose early melanoma,
and as it is a relatively rare skin condition, most GPs will
only see a handful of melanomas in their entire career. To
err on the side of caution, a lot of benign skin lesions are
also needlessly excised.

The idea of the Solarscan instrument is to allow clinics
to have access to a reliable diagnostic aid that will lower
error rates. This instrument needs to be relatively cheap,
fast, accurate, give reproducible results, be able to follow
up patients and above all have a low error rate.

The result of a collaboration between Polartechnics Ltd,
The Sydney Melanoma Unit at Royal Prince Alfred Hospi-
tal and CSIRO-MIS, the Solarscan instrument is one of a
few such instruments that could fit the above description.

In this paper we present an overview of the image analy-
sis algorithms that makes this instrument useful.

2. Instrument design

The Solarscan instrument consists of a video capture de-
vice connected to a standard PC running Microsoft Win-
dows NT. The video capture device is a special-purpose
designed camera with a 3-CCD 760×560 captor, self-
contained flat illumination and surface microscopy (epi-
luminescence) optics. The front cover of the camera is
changeable and can be replaced to take standard non-
microscopy pictures, for example to save the location of
moles on the body in the patient database for future ref-
erence.
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Figure 1. The SolarScan instrument: (a)
global appearance, (b) camera, (c) user in-
terface.

All captured images have 4 colour swatches in each cor-
ners for colour calibration.

The diagnosis system has two main components:

• The image analysis pipeline. Its aim is to segment the
lesion from the image and to provide feature extrac-
tion.



• The diagnosis model. Its aim is to provide diagnosis
aid to the physician. It can simply be a probability of a
lesion to be a melanoma in the case of a full diagnosis
system, or it can provide significant numbers that are
in tune with the physician’s training (ABCD rules for
example [5, 8]).

3. Image analysis pipeline

In this section we describe in more detail the image anal-
ysis pipeline leading to feature extraction.

3.1. Image calibration

All images taken with the SolarScan instrument contain
four swatches of known reflectance which can be used to
calibrate images between session and between instruments.
The aim is to be able to refer all pixels to a known fixed
colour space such as CIE XYZ.

A standard uniform gray background is also imaged
from time to time to provide background illumination cor-
rection.

3.2. Artifact removal

Surface microscopy involves a layer of oil between the
lesion and the optics. Air bubbles can be trapped in this
layer. Additionally, hair is frequently present on images of
skin. Because of the danger to the lesion it is not usually
shaved and must be detected and masked out.

The procedure to detect air bubbles involves taking a
top-hat filter on the lightness component of the calibrated
image, together with strong edges detected with a morpho-
logical gradient [11].

Hairs are detected using a more complex procedure in-
volving the algebraic closing consisting of the intersection
of a series of closings by linear structuring elements [13].
The artifact detection is illustrated in Fig. 2

Obviously the calibration patches within the field of view
are also masked out.

3.3. Lesion segmentation

An accurate lesion segmentation is critical to the whole
procedure and has been subject to a significant body of re-
search [15, 9]. The procedure is difficult because of the
large variation in skin colour in the population and the
equally large variation of lesion appearance.

For reliability an entirely automated procedure based on
seeded region growing [1] is first run. If the result is judged
unsatisfactory by the operator a semi-automated procedure
is tried next, based on colour clustering.
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Figure 2. Artifact removal on subset of lesion
image: (a) lightness component, (b) air bub-
bles, (c) lesion hair.

In both approaches, a principal component analysis of
a representative sample of calibrated images is peformed.
PC1 and PC2 are the first and second principal components,
respectively.

3.3.1. SRG-based procedure

The main difficulty in an SRG-based procedure is to find the
seeds. In this case the lesion seed is obtained from the PCA
analysis. PC1 is roughly equivalent to lightness,the lower
20% of which are used as a seed for the lesion, assumed to
be darker than the rest of the image. The brightest 20% are
assumed to be skin. A standard SRG algorithm is run on the
calibrated data with these seeds.

3.3.2. Colour clustering

This approach is based on clustering the bivariate histogram
PC1 vs. PC2 of the PCA transform of the calibrated image.
The clustering technique is based on finding peaks in the bi-
variate histogram and segmenting by watershed with a tech-
nique similar to that described in [12]. The colour clusters
are then ordered on the basis of increasing lightness, which
yields an ordered series of image segmentations, from dark-
est to lightest. To limit the number of boundaries to a rea-
sonable number, skin and lesion statistics are used from the
previous SRG procedure.
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Figure 3. Example of lesion segmentation.

3.4. Lesion border analysis

Clinical analysis of the border of a lesion has been shown
to be significant [7]. A number of researchers have pub-
lished automated methods of boundary analysis [2, 10].
In this project we systematically reused all available pub-
lished methods including fractal analysis [4], notch analy-
sis, symmetry analysis and more. One of the most signif-
icant variables in subsequent statistical analysis turned out
to be the lowly area measurement (i.e: larger lesions were
more likely to be melanomas than smaller ones).

Novel methods were also developed. As an example we
present our method for determining edge abruptness. Clin-
ical studies have shown that the sharpness, or abruptness of
the transition between the lesion and the surrounding skin
is diagnostic: melanomas tends to have sharper transitions
than benign lesions. To extract the edge profile around the
boundary, a distance function (DF) is computed from the
edge of the lesion (in both directions, inside and outside).
From each point on the boundary a profile is run towards
the inside of the lesion and towards the outside, following
the upstream [6] of the DF, recording the lesion and skin
intensities respectively. This allows the reconstruction of a
reliable surrogate for the gradient of the border, as shown
on Fig. 4.
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Figure 4. Edge abruptness measure.

3.5. Colour segmentation

Colour analysis is also significant for the melanoma di-
agnosis. Melanomas tend to be more colourful than benign
lesions. Both absolute colour (i.e: calibrated colours) and
relative colour (variation in colours within a given image)
measures were derived.

3.5.1. Absolute colours

An RGB cube of calibrated colours derived from a signif-
icant subset of images was classified into various clusters.
Several methods were used for this, including a complete
watershed-based segmentation of the cube, which resulted
in a fixed 3D look-up table. Applying this LUT to any cal-
ibrated colour skin image results in a pixel-wise classifica-
tion. From the statistics of the classified regions various
measures were derived, such as relative areas of colours,
presence or absence of particular colours, etc.

3.5.2. Relative colours

For this an automated clustering of the first two PCA
components of individual lesions was performed, resulting
again in pixel classification. Because these regions do not
correspond to known colours, the resulting regions were
used as input for a categorical symmetry analysis (symme-
try analysis between regions) based on simple Euclidean
distances between clusters. Various other inputs were used
for categorical symmetry analysis, such as 1-D histogram
segmentation (in all 3 channels) and the absolute colour
classification.

Figure 5 shows a sample absolute colour segmentation.
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Figure 5. Lesion absolute colour segmenta-
tion. (a) original image, (b) colour segmenta-
tion.

3.6. Texture analysis

Some malignant lesions are not colourful, but can still be
distinguished from benign lesions by texture analysis. More
precisely melanomas tend to have less regular textures and
less symmetry than benign lesions. However defining regu-
larity and symmetry in skin lesions is challenging [14]. To
capture the notion many different features were extracted.
We present a few examples:

3.6.1. Simple measures

Relatively obvious measures were obtained, such as the to-
tal intensity variance in lightness or in each of the colour
channels. Some extension of symmetry measurements ap-
plied to the binary mask of the lesion were also extended
to grey-level and colour, such as the flip and rotation mea-
sures. These consist of finding the axes of symmetry of
the lesion (by moment-based methods), and then measuring
the amount of correspondence between parts of the lesions
on each side of the axes. This can be done by flipping the
lesion about each axis and measuring the average absolute
pixelwise difference over the overlap.
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Figure 6. The flip symmetry measures.

3.6.2. More complex measures

Standard unsupervised texture classification methods
(Wavelet, Gabor, etc) were too slow and did not appear to be
suitable to the particular kind of biological texture found in
skin lesions. However we did persist with some FFT-based
texture measures with mixed results.

A number of ad-hoc texture measures were also devel-
oped. These measures were designed to match patterns of-
ten found in lesions, often labelled as “network”. The as-
sociated measures correspond to a coverage percentage of
a lesion. The idea being that if a single particular texture
covers a large area portion of a lesion, it is probably regular.

3.6.3. Specific features

Some malignant lesions can only be diagnosed as such by
looking at some specific visual features that need to be
looked for. A list of such significant features can be found
in [7].

An example of those are the border spots, which are
small dark spots on the boundary of a lesion correspond-
ing to melanocytes in malignant stage. Such features can be
extracted by black top-hat restricted to the boundary of the
lesion, as seen on Fig. 8

4. Feature extraction and selection

Many more features were extracted and measures de-
rived than can be presented here. As an overview, the fea-
tures not already present in the literature (the vast major-
ity) were designed in collaboration with an expert specialist
clinician. The idea of the design phase was not necessarily
to come up with features that by themselves were correlated
to malignancy, but which reasonably matched something
that the clinician could see and was in some way related
to the highly visual human diagnosis procedure.

The feature selection was made by letting the data itself
drive the selection. The set of all measures was fed to a



(a)

(b)

Figure 7. Example of network extraction: (a)
lesion with network, (b) network coverage.

series of classification methods, from logistic regression to
regression trees. After culling a number of models were
built using cross-correlation.

The database of images used for building these mod-
els grew during the length of the project. It started rela-
tively small with about 30 melanomas and a few hundred
atypical benign lesions but now contains several hundred
melanomas and several thousand both typical and atypical
benign lesions.

At some point in the research the number of extracted
features grew to over 600, but was later reduced to about
80. Fewer than a dozen are typically needed for a model.

4.1. Diagnostic features

Not much detail can be given here, but it has become ap-
parent that relatively simple measures are often more valu-
able than complex one. Simple measurements such as le-
sion area often appear at the root of the model. These mea-
sures have the advantage of being robust and highly repeat-
able whereas more complex one can give signficantly differ-
ent answers under relatively slight changes in image capture

Figure 8. Example of border spot segmenta-
tion.

conditions.
However we have found it impossible to build an accu-

rate model without some of the more advanced measures,
especially those that look for specific features in lesions.

4.2. Accuracy

The SolarScan instrument was originally designed to be
a diagnostic instrument, however it is now being marketed
simply as a diagnostic aid which gives several indications
to the operator rather than operate as a black box giving a
single probablity or yes/no answer. As such it is not possible
to give a concise accuracy figure for this instrument.

However early in the development of the instrument,
with only some of the features now being collected and a
much smaller image database, this instrument obtained a
cross-validated sensitivity (ability to diagnose a melanoma
correctly) of 92% and specificity (ability to diagnose a non-
melanoma) of 62% [3], which is comparable to an inex-
perienced skin specialist and better than most GPs. It is
presumed that the numbers for the present instrument are
higher.

5. Conclusion

The Polartechnics SolarScan melanoma diagnosis assis-
tance system is an innovative Australian instrument which
has followed the difficult road from research to commercial-
isation thanks to a unique collaboration between research
organizations and a private company. Image analysis is a
key component of this complex system. In this paper we
were able to describe parts of the design of the image anal-
ysis subsystem.



The proof of the validity of this research will be if the
instrument becomes successful as a commercial product,
keeping in mind that the final objective of such instruments
is really to save lives.
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