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Computer image analysis of pigmented skin lesions
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To assist in the distinction of melanoma from benign
pigmented lesions, an imaging system was developed,
comprising a frame grabber, a microcomputer, a colour
video camera and flash lighting with red, green and
infrared filters. Over an 18-month period, video images
of 70 unselected pigmented lesions for which complete
diagnostic data were available, were successfully cap-
tured using the camera. Analysis software extracted
features relevant to the size, colour, shape and bound-
ary of each lesion, and these features were correlated
with clinical and histological characteristics on which
standard diagnoses of skin tumours are based. For
discriminant analysis based on image analysis meas-
urements, equal probabilities were assigned to three
specified diagnostic groups, namely melanoma, naevi
and ‘other’, and four of five melanomas were correctly
classified when infrared data were included. However
when infrared measurements were omitted, all five
melanomas were correctly classified, and the overall
accuracy of classification of pigmented lesions was
71%. This system holds promise as an aid in the clinical
distinction of melanoma from benign pigmented skin
lesions.
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Introduction

Melanoma is one of the leading cancers in Australia,’
and its incidence among many white-skinned
populations around the world such as the United
States? and northern European populations,’ is rising
rapidly. Its importance as a public health problem
may increase further with the accelerating depletion
of the ozone layer.*

Visual differentiation between various kinds of
pigmented lesions of the skin is thought to be one
of the more difficult diagnostic problems in medicine,’
even among experienced clinicians, yet this ability
is critical since patient survival depends on the early
diagnosis and prompt excision of melanoma. As a
corollary, removal of excessive numbers of benign
naevi is a clinical burden and a source of concern
and cost for patients. There are few data available
on the accuracy of clinical diagnosis of melanoma.
In one recently reported study of 10,735 skin tu-
mours carried out over three periods between 1955
and 1982 in the Skin and Cancer Unit of New York,*
it was found that among 277 melanomas, the positive
predictive value (‘diagnostic accuracy’) in the best
study period was 64%, with a sensitivity of 85%.
Marshall® compared clinical and histological diagnoses
of pigmented lesions in Cardiff, Wales, and found
that among 63 lesions (44 suspected melanomas),
local clinicians had a sensitivity of clinical diagnosis
of 83%, specificity of 41%, and a diagnostic accuracy
of 55%. In a selected series of 329 suspected melanomas
submitted for frozen section in Brisbane between
1961 and 1973, 49% were histologically confirmed.’

Besides the immediate clinical requirement of accuracy
in the diagnosis of pigmented lesions, research into
the aetiology of melanoma is increasingly directed
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towards the valid and reproducible assessment of
these lesions given that the risk of melanoma is
strongly related to the number of melanocytic naevi
present on an individual.*** Comparison of epide-
miological studies of naevi in one population over
time, or comparison of these risk factors berween
several different populations is hampered as there is
no agreed method for discriminating between and
counting the various types of pigmented lesions.!

Several methods have been proposed to answer the
wide demand for more rigorous diagnosis of pigmented
lesions. Marshall*** investigated the use of photog-
raphy to aid in the diagnosis of melanoma, but the
techniques, although objective, required technical
ability of a high order. Surface microscopy, as
reported by Soyer er a4l allows an observer to
examine pigmented lesions covered by a drop of
immersion oil and a glass slide through a
stereomicroscope, but this is time-consuming and
finally relies on subjective interpretation. Dhawan'*
is developing an optcal instrument called a “Nevoscope’
to enable thickness and three-dimensional size of a
transilluminated pigmented lesion to be measured:
this will assist in calculating the probability of
malignancy.

We have developed software for an image process-
ing system with the eventual aim of reliably and
objectively characterizing malignant and benign
pigmented lesions on the skin, including melanomas,
naevi, freckles, pigmented basal cell carcinomas (BCC)
and seborrhoeic keratoses in terms of their colour,
colour variegation, shape, size, regularity of outline,
and distinctness of boundary with surrounding skin.
Using discriminant analysis, we have assessed the
potential accuracy of using these image analysis
measurements to classify a clinical series of pigmented
lesions.

Methods
Subjects

Between February, 1989 and August, 1990, patients
with pigmented lesions for excision were enrolled
in the study through the surgery, dermatology and
casualty departments of the Mater Misericordiae
Hospital, Brisbane, with the approval of the insti-
tutional ethics committee. The treating doctor (in the
majority of cases a surgeon or a dermatologist)
completed a form giving clinical diagnosis of any
pigmented lesions for excision, as well as standard
clinical details, namelv diameter (variable label, SIZE,
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mm); colour of lesion (COLOUR, 1. Uniform light
brown 2. Uniform dark brown 3. Uniform black
4. Variegated); regularity of outline (OUTLINE, 1.
Regular 2. Moderately irregular 3. Very irregular);
diffuseness of edge (EDGE, 1. Clearly defined 2.
Diffuse); and whether the lesion was palpable (PAL-
PABLE, 1. Yes, 2. No). Similarly the hospital pa-
thologists classified each study lesion according to
predefined histological criteria for diagnosis, includ-
ing size, histological type and, where appropriate,
thickness, level, ulceration, mitotic rate, presence of
regression, vascular or lymphatic invasion, margin of
excision and whether tumour cells were present in
the line of excision. Features extracted under image
analysis for each lesion could thus be correlated with
the clinical and histologic features on which diag-
noses were based.

Imaging system

The prototype comprised a frame grabber; an IBM-
compatible AT computer; a CCD colour video
camera (modified National WV CD130) and custom-
buile flash lighting mounted on a tripod. The frame
grabber was mounted in the computer and captured
video images from the camera in 256 grey levels at
512 X 512 pixel resolution. As the frame grabber
was monochrome, a means of obtaining sequential
filtered images was required in order to obtain colour
information. A bank of six electronic flash units was
used for illumination because the units were cool
and could be switched at video rates. Pairs of flashes
(one for each video image frame) were covered with
Kodak Wratten filters No 25 (red), No 58 (green)
and No 87 (infrared) and fired sequentially, cap-
turing three video image frames over 120 msec.
Dedicated electronic circuitry under computer con-
trol synchronized the flash illumination with the
image capture. A switching mechanism, triggered by
the appropriate flash, enabled colour balancing of
the camera. The digitized images were archived to
floppy disk.

A standardised protocol for accumulating images
at a2 known and reproducible focal distance was used.
Each flash unit was oriented such thar its centre of
illumination coincided with the lesion ‘in focus’. The
image collection was timed, under computer control,
to occur at the peak of the flash intensity. Any
anomalies resulting from reflection when the flash
illuminated the lesion, was eliminated by the processing
software through comparison of the different fields
contributing to the final image. Performance of these
aspects of the system was verified using a test object.

The analysis software extracted the required fea-



tures from the filtered images. Patient movement in
the 120 msec recording period resulted in imperfect
registration of the three filtered images and therefore
only one of the three images could be used to obtain
the lesion boundary. The green-filtered image was
chosen to threshold a boundary since it generally
presented the greatest contrast between lesion and
normal skin, and also provided the most accurate
representation of the boundary shape. Perimeter
tracing of the lesion using the red-filtered image gave
variations which were inconsistent with the ‘true’
boundary, and so this was rejected as a suitable
analytical tool for boundary determination. The
infrared image was not used for determining the
lesion boundary because the lesion was not observed
in a number of images at this wavelength. A sta-
tistically based algorithm was used tc determine the
thresholding level and an eight neighbourhood contour
follower was used to trace the boundary of the lesion.

Image analysis

The features extracted for image processing were the
means and variances of the grey level values from
red (REDMN, REDYV), green (GREENMN,
GREENV), and infrared (IRMN, IRV) filtered images
within the boundary defined by the green-filtered
image; the lesion edge generated by determining the
mean and variance (EDGEMN, EDGEV) of the
gradient between regions comprising a lesion com-
ponent and an adjacent skin component; area of
lesion (AREA); perimeter (PERIM); and fragmen-
tation index (FRAG, 4rAREA/PERIM?), which has
a value of unity if a lesion is a perfect circle and
smaller value if it is irregular.

Data analysis

Clinical, histological and image analysis measure-
ments were subjected to discriminant analysis using
SPSS-PC,' in order to see whether three classes of
lesion, namely melanoma, melanocytic naevi and
other pigmented lesions, could be distinguished ou
the basis of linear combinations of the measurements.
Discriminant analysis was performed firsly with all
available computer image analysis (CIA) measure-
ments and then using a stepwise process of inclusion
and elimination to decide which variables were most
critical by minimizing Wilks’ lambda. Analyses were
performed with all 11 CIA measurements, and then
omitting the two infrared measurements, since we
were particularly interested in the value of IR imaging.

Computer imaging of melanoma

We also added the five clinical measurements to see
whether they added any greater precision to lesion
classification beyond that provided by image analysis.
Classification following discriminant analysis de-
pends critically on the prior probabilities assigned
to the groups one is attempting to distinguish.
Although it could be argued that naevi and other
benign lesions are much more common than melanomas,
we chose to give the three groups equal probability
on the basis that this weights the odds towards a
false positive rather than a false negative diagnosis
of melanoma, which would be preferred in the
clinical situation.

Resuits

Study sample

There were 89 successfully imaged lesions which

were subsequently excised from an unselected group
of 81 patients (45 female) with a median age of 32
years. Complete clinical and histologic information
was available for 62 of these lesions: another eight
lesions had clinical diagnoses assigned (all clearly
benign) in the absence of available histology reports.
Approximately 80% of the 70 lesions studied were
removed from the trunk, 10% from the face or neck,
and 10% from the limbs. Five of the lesions were
histologically diagnosed as melanoma, 53 were
melanocytic naevi (two of which were dysplastic) and
12 were miscellaneous pigmented lesions comprising
seven seborrhoeic keratoses, two BCC, two skin tags
and one lentigo. Of the five melanomas, three were
diagnosed by the treating doctor, one had been
clinically diagnosed as a dysplastic naevus and one
as a pigmented BCC. Among the 53 naevi, 32 had
been correctly diagnosed as common naevi, 17 were
clinically diagnosed as dysplastic naevi and two as
melanomas.

Correlations of clinical and imaged features

It is interesting to examine the correlations of clinical
ratings with their corresponding CIA measurements.
Clinical size measurement was highly correlated with
area and perimeter as expected, whereas clinically
assessed colour was not significantly correlated with
CIA colour variables (REDMN, GREENMN, IRMN)
(Table 1). Similarly, there was no association between
clinical grading of a lesion’s regularity of outline and
computed fragmentation index, or berween clinical
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Table 1. Correlations (X 100) between clinical ratings (variables 1-5) and image analysis measurements (variables 6—16)

of 70 pigmented lesions

1. SIZE .

2. COLOUR 31 .

3. OUTLINE 35 52 .

4. EDGE 7 34 29 .

5. PALPABLE -4 6 18 -5 .

6. REDMN 6 —15 15 2 -19 .

7. GREENMAN 12 -12 18 6 —-24 90 .
8. IRMN 9-19 183 -2 -9 86 76
9. REDV 7 13 -17 0 7 —29 -28

10. GREENV g8 -2 0 0 -8 35 51

11. IRV 17 22 12 4 -17 -55 -40
12. EDGEMN 8 9 2 -12 6 4 18
13. EDGEV 11 0 -3 0 5 4 20
14. AREA 65 8 1 -1 -16 0 8
15. PERIM 63 21 15 9 -—-13 14 13
16. FRAG -4 -24 -14 -21 6 —18 -7

1 2 3 4 5 6 7

-5 .
33 39 .
-53 55 9 .
o -t 23 12 .
12 17 4 1177 .

-3 20 21 38 12 17 .
9 19 16 23 15 15 77 .

-3 0 9 4 -5 -10 -2 -53 -
8 9 10 11 12 13 14 15 16

Two-tail significance levels of 5%, 1% and 0.1% are achieved by r> 0.23, 0.30, 0.38, respectively.

assessment of diffuseness of edge and the imaged
features EDGEMN and EDGEV (Table 1).

Lesion classification using image analysis

The value of each of the 11 CIA variables for
distinguishing the three diagnostic groups of lesions
is shown in Table 2. The F ratio and its assoctated
probability testing the equality of the three group
means for each variable is listed, along with Wilks’
lambda (or U statistic) which is the ratio of the
within-groups sum of squares to the total sum of
squares. If the group means are equal this will have
a value of 1, while small values indicate that group
means are different. Inspection of Table 2 revealed
that it was the colour means which promised to be
most useful in discriminating between groups in the
order IR, red and green, in addition to the IR and
green variances. The only shape variable of potential
use appeared to be the fragmentation index. Phy-
sicians’ rating of the diffusiveness of edge appeared
to be the only clinical feature of even modest
discriminatory value (Table 2).

The classification of lesions using discriminant
functions based on all 11 measurements is shown
in Table 3(a). Stepwise analysis however, revealed
that virtually the same discrimination could be achieved
with only four vaniables ~ IRMN, FRAG, REDV
and IRV. Using the two functions based on these
variables, each of the three groups was significantly
different from the other two at the 1% level of
significance or higher. To consider their role in the
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Table 2. Wilks’ Lambda (U-statistic) and univariate F-ratio
testing equality of diagnostic group means for each vari-
able.

Lambda Foer P
SIZE 0.98 0.58 0.561
COLOUR 0.97 0.87 0.423
OQUTLINE 0.99 0.25 0.777
EDGE 0.96 1.16 0.318
PALPABLE 0.97 0.95 0.388
REDMN 0.84 6.00 0.004
GREENMN 0.88 4.41 0.015
IRMN 0.72 12.76 0.000
REDV 0.97 0.97 0.383
GREENV 0.96 1.1 0.335
RV 0.91 3.08 0.052
EDGEMN 0.98 0.38 0.679
EDGEV 0.99 0.28 0.753
AREA 0.98 0.65 0.522
PERIM 0.98 0.53 0.587
FRAG 0.90 3.38 0.039

discriminant function the two infrared measures
IRMN and IRV were omitted from the analyses.
Classification results from the analysis based on all
nine measurements are shown in Table 3(b), and
although overall classification accuracy dropped from
76% to 71%, the classification of the melanomas
actually improved, with all five being correctly classified
compared with only four when the IR measurements
were used. Stepwise analysis showed that the five
most important variables for discrimination were (in
order) REDMN, FRAG, REDV, area and perimeter.
Of the two functions defined with these variables,



Table 3. Classificationresulits of discriminant analysis based
on (a) all image analysis measurements, (b) omitting infra-
red measurements

(a) All 11 image analysis measurements

Actual group No. of Predicted group membership

cases
Melanoma Naevus Other
Melanoma 5 4 1 0
Naevus 53 4 43 6
Other lesion 12 2 4 6
76% of cases correctly classified
{b) Omitting infrared mean and variance
Actual group No. of Predicted group membership
cases
Meilanoma Naevus Other
Melanoma 5 5 0 0
Naevus 53 8 40 5
Other lesion 12 3 3 6

73% of cases correctly classified

the second was not quite significant (p = 0.06), and
while the melanoma and naevus comparison and the
naevus and ‘other’ comparison were each significant
at the 2% level, the melanoma and ‘other’ groups
were not significantly different. Classification with
these reduced functions had about the same accuracy
as involving all variables, but one of the melanomas
was now misclassified.

Discriminant analysis with the five clinical variables
alone resulted in classification accuracy of less than
50% - only slightly better than chance, and adding
the clinical variables to the image analysis resulted
in no significant improvement in overall discrimi-
nation between lesion groups, although ‘other’ le-
sions were more often correctly classified.

Discussion

We have described the prototype of an imaging
system to assist in the diagnosis of pigmented lesions,
and in particular, the distinction of melanoma from
benign pigmented lesions. Based on analysis of
histological parameters considered to be diagnostic,
this system appears to provide useful measurements
of the critical observable features of melanoma and
could therefore aid, in non-invasively disunguishing
malignant pigmented lesions from benign lesions.
Because of the equal prior probabilities that were

Computer imaging of melanoma

set in these analysis, the test tended to be more
sensitive than specific in diagnosing melaroma, which
is desirable. However these assumptions need further
examination and refinement before application of the
system in various clinical settings.

Previous work has suggested that the level of IR
reflectance from a suspicious lesion may be associated
with malignancy.”? Although the infrared reflectance
level appeared to the most powerful discriminatory
CIA variable in distinguishing berween diagnostic
groups, this was not confirmed in the actual clas-
sification of the small number of melanomas in the
study series: all five melanomas were correctly clas-
sified without inclusion of IR measurements (com-
pared with four out of five when IR variables were
included). Apart from IR, the most important dis-
criminating features were the red level (mean and
variance), irregularity of border, and size of the
lesion, which cohere with the standard description?”’
used to alert clinicians to the possibility of malig-
nancy: colour variegation in a large, irregularly-
shaped lesion.

Image analysis appeared to discriminate between
melanomas and benign lesions better than the re-
corded clinical features, though in these analyses we
accounted for neither the stated clinical diagnosis nor
the degree of certainty the doctor felt in making that
diagnosis. Dhawan in his system!® advocates integra-
tion of such objective data with prognostic features
from the patient’s history, and using a knowledge
base of case studies, calculating and issuing a score
of probability of malignancy. Ultimately we envisage
this imaging svstem as a useful diagnostic adjunct
to practitioners assessing the likelihood of malig-
nancy, rather than a complete diagnostic tool.’®

Several problems prevented analysis of many of
the images initially recorded in this study, including
cases in which the software failed to separate the
lesion from the surrounding skin due to either low
contrast in the green filtered images (on which the
algorithm segmented), or failure to recognise hairs
in the lesion causing the tracing of an illogical
boundary; cases where equipment size prevent the
imaging of awkwardly-situated lesions e.g. behind the
ear; cases of inadequately pigmented lesions being
submitted for imaging e.g. skin rags and BCC; or
cases in which the flash lightng failed or disc errors
in the data files occurred. However we regard the
preliminary findings as encouraging enough to develop
the CIA system by improving the software, and
modifying the hardware using commercially available
items, alming to produce a portable computer image
analysis system to enhance the clinical detection of
melanoma.
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