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Three-Point Checklist of Dermoscopy (3PLCD)

The 3PLCD algorithm relies on the following criteria:

Asymmetry in structure and/or in color in one or two axis of the lesion. The contour
shape of the lesion does not impact on the symmetry.

Atypical network, defined as pigmented network with thickened lines and irregular
distribution.

Blue-white structures, namely any white and/or blue color visible in the lesion, including
blue-white veil, scar-like depigmentation, and regression structures such as peppering.

ABCD rule

ABCD stands for:

asymmetry,

border (not well-defined, irregular),
color (more than one shade),

diameter (usually larger than 6mm)
evolution (changing features over time).
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Asymmetry of the lesion
is one of the common
characteristics of skin

damage that can be
noticed visually




Dermoscopic Datasets

* PH2 - (Mendonca et. al.) 200 images, bmp, 768x568
 Derm CS, Derm7pt — (Argenziano et. al.) 1011 cases, jpg, 768x512
e ISIC—more than 24000 cases
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PH2 dataset - contains a
total of 200 dermoscopic
images of melanocytic
lesions, including 80
common nevi, 80 atypical
nevi, and 40 melanomas.
The PH2 data-base
includes medical
annotation of all the
images namely medical
segmentation of the
lesion, clinical and
histological diagnosis and
the assessment of several
dermoscopic criteria
(colors; pigment network;
dots/globules; streaks;
regression areas; blue-
whitish veil)




Invariant Dataset Augmentation

The PH2 database contains 117 fully symmetric, 31 symmetric in one axis and 52 fully asymmetric images of
skin lesions. In order to use this database in our research, we had to increase the number of images while

minimalizing possible influence on the pixel distribution.

To create new images, various geometric transformations that do not change the asymmetry of shape,
shade and structure distribution were used :

* rotations by 90°, 180° and 270°,

* mirroring on the vertical and horizontal axis,

e 90° rotation of the images after mirroring.

In total, we got seven transformations for each image that did not change the pixels, shape, or color
distribution.

"-\‘

IMD168 IMD168_obr90 IMD168_obr180

IMD168_obr270 IMD168_odbPIO IMD168_odbPOZ
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PH2 image set preparation

The next step in preparing the database was to scale the images to the input sizes

required by the selected networks:

» scaling the shorter dimension of images (in our case, height) to the input size, e.g.
224px using the Bicubic Sharper algorithm in Photoshop

* Cropping all images to square shape

The dataset prepared in this way contains 936 fully symmetric, 248 symmetric in one
axis and 416 fully asymmetric images of skin lesions
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To selected networks, two databases were added: training and testing. Both databases

were created by dividing the augmentation PH2 dataset into two sets in the following
proportions 75% training and validation and 25% testing.

The division was carried out so that the original images and their copies were in one set.

To check whether increasing the database with image copies obtained after rotations and
mirroring gives better results, the tests were carried out on the original PH2 database file.

, Original PH2 dataset Invariant dataset augmentation
Number of images - )
Total Train Test Total Train Test
Fully Symmetric 117 88 29 936 704 232
Symmetric in 1 axes 31 23 8 248 184 64
Fully Asymmetric 52 39 13 416 312 104
Total 200 150 50 1600 1200 400
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We used pretrained networks in our research because they are trained on the ImageNet
database.

Since in each pretrained network the last three layers are configured to classify 1000
classes, we separated all but the last three layers and replaced them so that the networks
would classify images into 3 classes. Due to this method and 3PCLD, the networks
classified the images as symmetrical, symmetrical in one axis, and asymmetrical.

Network Depth  Size  Parameters Image Average
[MB] [Millions] mputsize accuracy [ %]

VGG19 19 535 144 224x224 70

Xception 71 85 229 299x299  80<

Inception-ResNet-v2 164 209 559 299x299 80
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Confusion matrix

The networks were tested 5 times on each pair of training, validation and testing sets. The
resulting networks are saved for future testing and analysis of the results.

For each CNN parameters such as accuracy, true positive rate were defined and calculated
according to:

ACC ={IP +IN)/ N
IPR = TP/ (TP +FN)

w. ACC = (TPRy + TPR; + TPR; )/ 3

FPR =FN/(FP +1N)
F1 =2TP { (2IP+FP+FN)

MCC = (TP*IN — FP*FN) / /(TP + FP)(TP + FN)(TN + FP)(TN + FN)
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The results were analyzed in three ways:

1. T1 - networks tested on a subset of original images;

2. T8 - networks tested on the original set and its seven copies;

3. IDA - networks tested on the original set and its seven copies but in the worst-case

scenario, i.e. if one of the 8 copies of the images has been recognized as asymmetric, all
its copies have been classified as asymmetrical.
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The classifications results for the asymmetry. The
chosen confusion matrix factors true positive rate
for full asymmetry (TPRO), true positive rate for
symmetry in one axis (TPR1), true positive rate for
full symmetry (TPR2), false positive rate for full
asymmetry (FPRO), false positive rate for
symmetry in one axis (FPR1), false positive rate for
full asymmetry full symmetry (FPR2) with their
average (AVG), variance (VAR), minimum (MIN)
and maximum (MAX) values for the chosen CNN
network.

. i VGG19 ceptio Inception-ResNet-v2
CM factor 11 | 718 [ 1pA |l 11 [ 18 [ DA | T1 | T8 | IDA
AVG| 588 | 602 | 719 | 654 | 671 | 804 | 53.1 | 55.9 | 704
TPR, [VAR| 84 | 68 | 104 | 131 | 96 | 123 | 79 | 44 | 57
[%] [ Min | 462 | 490 | 53.8 | 385 | 529 | 61.5 | 385 | 49.0 | 61.5
Max | 692 | 740 | 923 | 846 | 808 | 923 | 692 | 673 | 846
AVG | 269 | 267 | 331 | 256 | 244 | 219 | 75 | 103 | 13.1
TPR, [VAR]| 153 | 129 | 93 [ 220 [ 163 [ 127 | 85 | 100 | 95
[%] [ Min | 125 | 125 [ 125 | 00 | 63 | 00 [ 0.0 [ 00 | 0.0
Max | 625 | 578 | 500 | 625 | 53.1 | 375 | 25.0 | 313 | 25.0
AVG | 800 | 809 | 707 | 822 | 83.0 | 664 | 83.6 | 825 | 62.8
TPR, [VAR| 118 | 106 | 130 | 7.0 | 57 | 72 | 57 | 47 | 99
[%] | Min | 58.6 | 612 | 448 | 724 | 759 | 552 | 759 | 73.3 | 448
Max | 966 | 953 | 862 | 931 | 914 | 759 | 897 | 892 | 75.9
AVG| 92 | 89 [ 159 [ 116 [ 111 [ 250 [ 108 | 109 [ 234
FPR, |[VAR| 47 | 38 | 63 | 32 | 42 | 58 | 33 | 2.1 | 58
[%] [ Min| 00 | 20 | 27 | 54 | 61 | 162 | 54 | 81 | 135
Max | 162 | 145 | 24 | 189 [ 172 | 24 | 162 | 155 | 48
AVG] 111 | 114 [ 149 [ 104 [ 87 [ 126 [ 96 [ 87 [ 165
FPR, [VAR| 98 | 87 | 116 | 78 | 64 | 93 | 73 | 53 | 99
[%] [Min| 00 | 21 | 24 | 00 | 33 | 24 | 00 [ 21 | 48
Max | 333 | 295 | 357 | 238 | 202 | 286 | 23.8 | 188 | 333
AVG| 426 | 405 | 255 | 331 | 357 | 190 | 486 | 49.0 | 286
FPR, [VAR| 96 | 84 | 94 | 82 | 117 1171 67 | 72 | 99
[%] [ Min | 238 | 250 | 95 | 143 [ 161 | 00 | 38.1 [ 375 | 9.5
Max | 619 | 548 | 381 | 429 | 482 | 333 | 66.7 | 63.7 | 42.9
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IMI‘)iS:;i (i)[:age Class:]ﬁcatlon probz;blllty by VG2G19 Classification by IDA method
original 0.0131 0.9593 0.0276 0
rot 90 0.5501 0.4017 0.0482 0
rot 180 0.9420 0.0407 0.0173 0
rot 270 0.3044 0.6713 0.0243 0
mir Vert 0.3781 0.6170 0.0050 0
mir Vert rot 90 0.4937 0.4964 0.0099 0
mir Hor 0.0543 0.9403 0.0054 0
mir Hor rot 90 0.6154 0.3441 0.0405 0
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The classifications results for the asymmetry. The chosen confusion matrix factors
weighted accuracy (w.ACC) with their average (AVG), variance (VAR), minimum (Min)
and maximum (Max) values and weighted F1 score (w.F1), weighted Matthews
correlation coeffi-cient (w.MCC) for the chosen CNN network.

s VGG19 Xception Inception-ResNet-v2
CM factor T1 | 18 [ IDA | 11 | 18 [IDA | T1 | T8 [ IDA
AVG ]| 552 | 560 | 586 | 57.8 | 58.1 | 562 | 48.1 | 49.6 | 488
wACC [VAR] 83 | 70 | 62 | 1161 87 | 84 | 41 | 42 | 57
(%] | Min | 39.1 | 419 | 447 | 41.1 | 485 | 43.1 | 40.7 | 434 | 38.0
Max | 692 | 689 | 683 | 789 | 733 | 68.6 | 54.8 | 568 | 57.0
AVG | 0.543 | 0.548 | 0.555 ] 0.560 | 0.560 | 0.511 | 0.446 | 0.465 | 0.439
VAR | 0.093 | 0.078 [ 0.071 [ 0.126 [ 0.098 | 0.085 | 0.047 [ 0.059 | 0.063

w-F1 Min | 0.370 | 0.402 | 0.423 | 0.403 ] 0.465 | 0.397 ] 0.389 | 0.392 ] 0.323
Max | 0.673 1 0.682 1 0.678 ] 0.801 | 0.739 ] 0.634 | 0.522 | 0.580 | 0.547

AVG | 0400 | 0.324 ] 0438 ] 0.463 | 0.363 | 0.424 | 0.318 | 0.249 | 0.309

WwMCC VAR | 0.136 1 0.114 1 0.099 1 0.130 ] 0.121 ] 0.114 ] 0.073 | 0.071 | 0.086

Min | 0.061 | 0.101 | 0.264 | 0.231 | 0.223 ] 0.280 | 0.135 | 0.158 ] 0.170
Max | 0.578 1 0.524 1 0.621 ] 0.732 | 0.650 ] 0.643 | 0.429 | 0.424 | 0.449
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From our research we have chosen the best CNN networks:

* VGGI19 - true positive rate for the asymmetry 84.62%, weighted accuracy 68.29%,
F1 score 0.682 and Matthews correlation coefficient 0.581;

e Xception - true positive rate for the asymmetry 92.31%, weighted accuracy 67.41%,
F1 score 0.646 and Matthews correlation coefficient 0.533;

* Inception-ResNet-v2 - true positive rate for the asymmetry 53.85%, weighted accu-
racy 51.57%, F1 score 0.528 and Matthews correlation coefficient 0.295.

Our original approach using the defined Invariant Dataset Augmentation shows that
the classification characteristics like accuracy and true positive rate as well as the F1
and MCC tests can be much higher (5-20%) than using only original images.
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Thank you for your attention!
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