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Abstract

Background: The quality of dermoscopic images is affected by lighting conditions,

operator experience, and device calibration. Color constancy algorithms reduce this

variability by making images appear as if they were acquired under the same condi-

tions, allowing artificial intelligence (AI)-based methods to achieve better results. The

impact of color constancy algorithms has not yet been evaluated from a clinical der-

matologist’s workflow point of view. Here we propose an in-depth investigation of the

impact of an AI-based color constancy algorithm, called DermoCC-GAN, on the skin

lesion diagnostic routine.

Methods: Three dermatologists, with different experience levels, carried out two

assignments. The clinical experts evaluated key parameters such as perceived image

quality, lesion diagnosis, and diagnosis confidence.

Results: When the DermoCC-GAN color constancy algorithm was applied, the der-

moscopic images were perceived to be of better quality overall. An increase in

classification performance was observed, reaching amaximum accuracy of 74.67% for

a six-class classification task. Finally, theuseof normalized images results in an increase

in the level of self-confidence in the qualitative diagnostic routine.

Conclusions: From the conducted analysis, it is evident that the impact of AI-based

color constancy algorithms, such as DermoCC-GAN, is positive and brings qualitative

benefits to the clinical practitioner.
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1 INTRODUCTION

Melanoma and non-melanoma skin cancer are common cancers

worldwide, and their incidence have increased over recent years.1 The

periodic screening of skin lesions is essential for early diagnosis and

hence a better prognosis of affected patients.1

Nowadays, the screening process is typically based on dermoscopy;

dermatoscopes allow both a visual analysis and the subsequent

acquisition of a high-resolution and epiluminescent digital image

of the skin lesion. Teledermatology, the provision of dermatology

services at a distance, particularly benefits from the acquisition of

digital dermoscopic images and can increase patient access to expert

dermatologic care. In this context, numerous studies in literature have

also recently focused on the use of a smartphone camera for skin lesion

image acquisition, which could provide a potential tool for general

practitioners who can filter out the clearly benign skin lesions and

consult expert dermatologists only in dubious cases.2–5 The acquisi-

tion of digital images of skin lesions further allows for the application

of computer-assisted methods, which have shown to obtain more

accurate diagnostic results.6–9 However, the quality and appearance

of digital skin lesion images depend on numerous factors. In fact,

illumination conditions, device calibration, and operator dexterity are

the main factors affecting the quality of digital dermatoscopic, and in

general skin lesion, images. There is hence a dire need to reduce image

quality variability to make images acquired under different conditions

and presets more similar to each other to facilitate skin lesion analysis

anddiagnosis. To respond to this need, color constancy algorithmshave

been introduced. The process of color constancy involves transforming

the colors of an image acquired under unknown light as if it were

acquired under defined light conditions, usually perfectlywhite light.10

It’s important to distinguish that color constancy is not identical to

normalization; while they are closely related, color normalization

specifically involves reducing or eliminating color variations across

different images or within the same image, bringing all images to a

common color standard or scale. Still, for simplicity purposes, we will

refer to the application of a color constancy method also as “color

normalization” in this paper. Figure 1 shows the intrinsic variability

in color and illumination that characterizes dermatological images

(Figure 1A), and the effect of color constancy on the same images

(Figure 1B).

Several color constancy algorithms exist in the literature, such as

Gray World,11 Shades Of Gray,12 and max-RGB.13 These algorithms,

while still widely employed, are limited by statistic-based assumptions

used to perform color constancy, which results in suboptimal color

constancy normalizations.

Recently, artificial intelligence (AI) methods have enabled more

versatile, optimized, robust and fast algorithms to perform color

constancy.14,15 Within this context, DermoCC-GAN (Dermatologi-

cal Color Constancy Generative Adversarial Network), the first AI

method in the literature that performs a color constancy task on der-

matoscopic images as an image-to-image translation problem with a

Generative Adversarial Network (GAN), was developed.15 As shown

in Figure S1, DermoCC-GAN consists of two deep neural networks,

the generator and the discriminator, that are trained together in

an adversarial game with the goal of improving each other. The

training phase ends when the generator succeeds in fooling the dis-

criminator, generating realistic and accurate images. This results in

a deep network that can perform the color constancy task quickly

and efficiently on images characterized by different illumination

conditions.

The use of a color constancy method as a preprocessing step has

been widely demonstrated in the literature to improve the perfor-

mance of AI, and specifically deep learning, methods for classification

and/or segmentation tasks.10,15,16,17 However, to the best of our

knowledge, no study has yet investigated the impact of the color

constancy process on skin lesions diagnostic routine or the qualitative

improvement due to this process from the clinical dermatologist’s

perspective.

In this study, we assess the impact of the color constancy process

within the diagnostic routine and specifically during the evaluation of

different skin lesions. The analysis is focused on the evaluation of sev-

eral parameters, such as the perceived image quality, the diagnosis

for the patient, and the confidence of diagnosis, for both original and

normalized dermatological images.

F IGURE 1 Color constancy process for dermatological images. (A) Original images, (B) Images after applying color constancy.
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TABLE 1 Composition of the starting dataset.

Lesion type Labels # Images

Actinic keratosis AKIEC 29

Basal cell carcinoma BCC 31

Keratosis-like KL 32

Melanoma MEL 26

Nevus NV 32

2 MATERIALS AND METHODS

The starting dataset consists of 150 dermoscopic images from the

open access dataset HAM10000.18 Images were selected from differ-

ent subsets with different acquisition settings. The dataset includes

five different types of lesions, and the division is shown in Table 1.

Despite the presence of distinctive clinical and dermoscopic fea-

tures, the differential diagnosis between these types of lesions, and

in particular the discrimination between definitely benign lesions, that

do not require treatment, and suspected malignancy that need to be

resected, can in fact be a challenge, not only for the general practitioner

but also for the dermatologist.

The choice of lesions in this study was guided by their relative

frequency in the clinical setting, as well as their diverse morphological

characteristics which represent different diagnostic challenges. So,

while this study focuses on performance obtained on these five lesions,

the good performance of DermoCC-GAN is not limited to these lesion

types. Examples of DermoCC-GAN processed images on other types

of lesions (i.e., dermatofibromas and vascular lesions) are shown in

the SupplementaryMaterials (Figure S2). Importantly, DermoCC-GAN

also performs effectively across a range of skin tones as evidenced in

Figure S3.

All images in the primary dataset were processed with DermoCC-

GAN, our AI-based color-constancy framework.15 This results in a final

pool of 300 images consisting of 150 original images and their respec-

tive normalized images. An example of a dermoscopic image processed

with DermoCC-GAN is provided in Figure S1. DermoCC-GAN is

a Pix2Pix-GAN AI algorithm trained to perform a domain transfer

task, from the original image color domain to the color-constancy

normalized domain. Unlike heuristic color constancy algorithms in

the state of the art,11–13 DermoCC-GAN is parameter-free and not

based on hypothetical starting assumptions. These features give the

tool a high generalization capability, which enables it to quickly and

optimally process images that have never been seen during the devel-

opment phase, overperforming the state-of-the-art color constancy

algorithms. Looking at Figure S4, it can be seen that color-constancy

performed by DermoCC-GAN is more realistic and color-balanced

than themost widely used state-of-the-art methods.

This study involved the expertise of three dermatologists, eachwith

a differing level of experience: E.Z. (17 years), F.V. (11 years), andV.M. (3

years). To assess the impact of the color constancy normalization, the

clinicians carried out two different assignments:

1. Unpaired evaluation task, inwhich twodermatologists,with different

clinical experience, evaluated the original and normalized images

independently (for a total of 300 images each). All images were

provided in random order, and the DermoCC-GAN normalized

images were also randomly rotated and flipped to avoid evaluation

bias.

2. Paired evaluation task, in which two experienced dermatologists

independently assessed the images using a paired approach, closely

examining the original and AI-processed versions of each image

side-by-side. To minimize recall bias, one dermatologist (E.Z.) con-

ducted this evaluation 6-months after participating in the unpaired

evaluation task. In this case, the normalized images did not undergo

any kind of geometric transformation.

Avisual overviewof the two tasks is shown inFigure2. The following

subsections give a detailed explanation of these assignments.

2.1 Unpaired evaluation task

Using a dedicated Graphical User Interface (GUI), dermatologists E.Z.

and V.M. provided the following evaluations for each image:

∙ Image quality: using a scale from 1 to 5, where 1 indicates a low-

quality image and 5 a high-quality image in terms of chromaticity,

brightness, and sharpness.

∙ Lesion diagnosis: assigning the label related to the diagnosis based

solely on a visual analysis of the image (i.e., AKIEK, BCC, KL, MEL,

NV).

∙ Diagnosis confidence: using a scale from 1 to 5, where 1 indi-

cates a low degree of confidence in the diagnosis and 5 denotes a

high degree of confidence. Operationally, a high confidence diag-

nosis is one where the dermatologist believes that the given image

has sufficient information to make a diagnosis, while a low confi-

dence indicates that the dermatologist is not fully convinced by the

appearance of the examined image.

Thegoal of this task is to test the contributionof theDermoCC-GAN

color constancy normalization when the original image and the corre-

sponding normalized image are submitted to the clinicians at different

times.

2.2 Paired evaluation task

In order to assess the effectiveness of the DermoCC-GAN color

constancy normalization when displayed concurrently with the orig-

inal image, the experienced dermatologists F.V. and E.Z performed

a paired evaluation task. Considering E.Z.’s prior involvement in the

unpaired evaluation task, a 6-month interval was ensured before E.Z.

participated in this stage to minimize recall bias. For each paired

image, the dermatologists provided evaluations based on the following

criteria:
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4 of 9 BRANCIFORTI ET AL.

F IGURE 2 Examples of unpaired and paired evaluation tasks on amelanoma image. (A) In the unpaired evaluation task, the clinicians
independently evaluate the original and normalized images at two different times, assigning the proposed scores. To avoid evaluation bias, the
normalized image is randomly rotated and/or flipped. (B) In the paired evaluation task, the clinicians independently assess the original and
normalized images presented side-by-side, assigning the proposed scores.

∙ Impact of normalization: this score quantifies the usefulness of the

information brought by the normalized images. The clinician can

select a score of negative if the normalized image confuses the

diagnosis, neutral if it does not add any extra valuable information,

and positive if the normalized image adds crucial information and

simplifies the interpretation of the lesion.

∙ Lesion diagnosis: assigning the label related to the diagnosis based

solely on a visual analysis of the paired images (i.e., AKIEK, BCC, KL,

MEL, NV).

∙ Diagnosis confidence: using a scale from 1 to 5, where 1 represents

the lowest degree of confidence and 5 the highest degree of con-

fidence. In this context, confidence implies the degree of certainty

with which the physician assigns a particular diagnosis to the skin

lesion.

3 RESULTS

3.1 Image quality evaluation

In this section we compare the image quality scores assigned by

clinicians in the unpaired evaluation task. The operators evaluated

brightness, sharpness, and the chromatic component of the images.

Ratings assigned by each clinician were firstly divided into original

image scores and normalized image scores, in order to analyze any dif-

ferences. Figure3 shows thedistributionof theoriginal andnormalized

images quality for dermatologists E.Z. and V.M.: for both clinicians the

overall quality of the normalized images is higher than the originals.

Specifically, for the E.Z. operator (17 years of experience), low-quality

images (score 1 and 2) account for 31.3% for original images and

only 20.6% for normalized images. Similarly, the number of normal-

ized images considered to be of high-quality (score 4 and 5) increases

compared to the originals (27.7% vs. 38.6%).

For theV.M. operator (3 yearsof experience),weobservean increase

in themedian value of the distribution from2.5 (for the original images)

to 3 (for the normalized images). This result shows that, regardless of

experience level, the images normalizedbyDermoCC-GANare visually

perceived as being of higher quality than the original ones.

3.2 Impact of normalization

This section illustrates the impact of the simultaneous analysis of

both original and normalized images on clinicians. Figure 4 shows

the distribution of scores assigned by the dermatologists F.V. and E.Z.

in the paired evaluation task. The clinicians assessed the usefulness

of information provided by the normalized images, assigning low

scores when the normalized image carried potentially disturbing or
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F IGURE 3 Comparison between original and normalized image quality scores assigned by dermatologist E.Z. (A) and dermatologist V.M. (B) in
the unpaired evaluation task. Dashed lines represent themedian value of the distributions.

misleading information, neutral when it did not provide additional

information, and positive when it simplified lesion interpretation, pro-

viding additional knowledge. As can be seen from Figure 4, none of the

normalized images had a negative impact on either doctor’s diagnosis.

Specifically, for the F.V. operator (11 years of experience), in 53% of

the cases the normalized image did not provide any additional infor-

mation, while in 47% of the cases it had a positive impact on the lesion

analysis. For the E.Z. operator (17 years of experience) the percentage

of images with neutral scores was notably lower at 7%, compared to

F.V.’s 53%.Moreover, thepercentageof imageswithpositive scoreswas

significantly higher at 93%, compared to F.V.’s 47%.

3.3 Diagnosis of skin lesions: Accuracy and
confidence

This section shows the results obtained in the diagnosis of skin lesions

and their confidence scores. In order to analyze any different trends,

the assessments on the unpaired evaluation taskwere divided into two

separate analyses dividing theoriginal images and thenormalizedones.

The results of the lesion diagnosis are shown in Figure S5 in the form of

a multiclass confusion matrix, a kind of contingency table that shows

the predicted and the actual labels for each lesion class. Each confusion

matrix is accompanied by its overall accuracy score.

Examining the overall accuracy, it can be seen that the diagnostic

accuracy between original and normalized images in the unpaired

evaluation task shows little difference, with both operators demon-

strating similar performance. Moreover, analyzing the paired data

(original + normalized) revealed that E.Z. reached an accuracy of

65.33% and F.V. achieved an overall accuracy score of 74.77%. This

score is higher than the best overall scores obtained by operators E.Z.

(67.33%) and V.M. (69.33%) in the unpaired task.

Figure 5 shows the confidence scores assigned in unpaired and

pairedevaluation tasks. The confidencevaluesweregrouped into three

classes: low confidence (values of 1–2); medium confidence (value

equal to 3); high confidence (values of 4–5). The assessments in the

unpaired evaluation task were divided into two separate analyses: one

for original images and another for normalized images, in order to

assess how the confidence of the diagnosismade on the original images

varies from the confidence when considering the normalized images.

In the unpaired evaluation task, both operators showed an increase

in confidence level for normalized images. In particular:

∙ For the E.Z. operator, we observe a decrease in low confidence from

18.66% to 11.33%, and an increase in medium and high confidence,

respectively, from 24% to 27.33% and from 57.34% to 61.34%.

∙ For the V.M. operator, probably due to less experience, there is a

smaller increase on the high confidence, which goes from 42% to

42.66%.

In the paired evaluation task, dermatologist F.V. assigned a high con-

fidence score to 72.67% of the images and a medium confidence score

to 27.33% of the images. The confidence of the operator was never

low when viewing the original image alongside the normalized image.

Similarly, in the paired evaluation task, E.Z. assigned a high confidence

score to 76.67% of the images, a medium confidence score to 20% of
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F IGURE 4 Comparison of normalization impact scores assigned by dermatologist F.V. (A) and dermatologist E.Z. (B) in the paired evaluation
task. The pie and bar chart distribution illustrate negative scores in red, neutral scores in yellow and positive scores in green.

the images, and a low confidence score to only 3.33% of the images.

E.Z.’s performance in the paired evaluated task shows a noticeable

increase in high confidence scores and a decrease in low confidence

scores compared to the unpaired task (Figure 5D vs. Figure 5A), indi-

cating improved confidence when analyzing original and normalized

images side-by-side.

4 DISCUSSION AND CONCLUSIONS

In this paper, we propose a study on the impact that color constancy

normalization by the AI-based DermoCC-GAN algorithm has on the

diagnostic phase of dermoscopic images when evaluated in clinical

practice. Three dermatology clinicians with different levels of expe-

rience were involved in this investigation and carried out two main

assignments:

∙ Unpaired evaluation task, which consisted of analyzing a pool of

original and normalized images presented in a random order and

unbiased manner, evaluating the image quality, determining a diag-

nosis to the skin lesion, and grading the confidence level related to

the diagnosis. This task was done by two operators (E.Z. and V.M).

∙ Paired evaluation task, in which two clinicians (F.V. and E.Z.) evaluated

the original-normalized image pairs, assigning scores related to the

impact of the color constancy normalization, determining a diagno-

sis to the skin lesion, and grading the confidence level related to the

diagnosis. To minimize recall bias, E.Z. conducted this assessment 6

months after the unpaired evaluation task.

DermoCC-GAN is a color constancy tool based on artificial intel-

ligence that has been shown to be quantitatively superior to state-

of-the-art methods. The use color constancy tools has also brought

performance benefits to segmentation and classification tasks using

other artificial intelligence methods.16,17,19 The main goal of the study

presented here is to verify whether the use of normalized images

by DermoCC-GAN also brings real qualitative benefit to dermatol-

ogy clinicians in visual diagnosis, in terms of perceived image quality,

impact of normalization, accuracy and confidence level on lesion

diagnosis.

Assessing the perception of image quality, it was verified that the

DermoCC-GAN normalized images are recognized to be of higher

quality on average than the original images, for both operators who

performed the unpaired evaluation task. As shown in Figure 3, this per-

ception is more pronounced for operator V.M., with less experience
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BRANCIFORTI ET AL. 7 of 9

F IGURE 5 Bar chart of distribution of confidence values for unpaired (A. E.Z and B. V.M) and paired evaluation task (C. F.V., D. E.Z.). Confidence
values are grouped in three classes: low-quality (1–2) represented in red, medium quality (3) represented in yellow and high-quality (4–5)
represented in green.

than E.Z., for whom a 20 percent increase in the median value of the

entire normalized image quality distribution is observed.

To evaluate the impact of normalization, the operators who

observed the paired images assigned a score related to the quality of

the information brought by the normalized image. Figure 4 demon-

strates how images normalized by DermoCC-GAN do not add noise to

the information carried by the original images. More importantly, by

looking at the corresponding normalized image, the clinician is able to

obtain additional and useful information that can support them in the

diagnostic phase.

Regarding the performance related to lesion diagnosis, shown in

Figure S5, it is possible to observe how the diagnoses made on paired

images are more accurate than on the single images: F.V. clinician, with

an intermediate level of experience among the three operators, has

an improvement in classification accuracy of up to 74.67%. Thus, we

can state that, especially for a novice clinician, the impact of normal-

ization on clinical assessment is greatest when the normalized image

is provided alongside the original, leading to an increase in overall

classification performance.

Finally, the level of self-assurance with which clinicians made the

diagnosis was assessed for both tasks. Figure 5 shows that, for the

unpaired assessment, the experienced operator E.Z. perceives an

increase in confidence by analyzing normalized images, while for the

less experienced operator V.M., confidence levels remain stable. For

the paired evaluation, the distribution of confidence values assigned

by clinicians F.V. and E.Z. is concentrated at very high confidence levels,

far higher than the unpaired task. Moreover, E.Z. exhibited better

performance in the paired evaluation as compared to the unpaired
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task, highlighting the potential benefits of analyzing original and

normalized images side-by-side.

Overall, it is possible to say that, in accordance with the results

obtained in the lesion diagnosis, the use of normalized images coupled

with the originals also increases the level of confidence for the oper-

ator. Benefits are found to a lesser extent also when the normalized

image is provided individually. A possible explanation could be repre-

sented by the improvement in the visualization of certain structures

(i.e., blood vessel features, depigmentation and/or regression areas,

shiny white structures) in the normalized images. Such aspects can

provide a further help in the diagnostic process, in addition to themore

global features, that are easily recognizable in the original images.

This study is not free from limitations. One limitation is related to

the limited number of images analyzed (n= 150), considering fivemain

skin lesions (i.e., AKIEK, BCC, KL, MEL, NV), and the number of derma-

tologists involved (n = 3). We plan to increase these numbers in the

future. In addition to the five lesion types originally included, we also

processed dermatofibromas and vascular lesions with the DermoCC-

GAN. Illustrative examples of this extended application are provided in

Figure S2, and early observations suggest that our tool shows promise

in these contexts as well. We also intend to extend the study to a more

diverse range of skin lesions and pathologies (e.g., squamous cell car-

cinoma -SCC, keratoacanthoma—KA, vascular lesions of the skin, and

rare skin tumors) and expand the use of the normalization process on

different datasets (e.g., PH2,20 derm7pt,19 and SKINL2.21).

In conclusion, analyzing all used indicators, it is evident that the

use of normalized images byAI-based color constancy algorithms, such

as DermoCC-GAN, brings qualitative benefits to the clinical practi-

tioner on skin lesions diagnostic routine. However, acknowledging the

importance of extreme caution in this area, we always suggest the

simultaneous analysis of original andnormalized images. This approach

enables dermatologists to extract essential information from both

images, contributing to amore accurate classification. The combination

of the original and normalized images not only enhances the diagnostic

capability of the clinicians but also strengthens their confidence level

during the diagnostic process.
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