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Background: One of the most common inflammatory chronic and recurrent skin diseases is acne (“acne
vulgaris™), which appears itself as open or closed comedones and inflammatory skin lesions in the form of
papules, pustules, nodes, etc. It has been established that acne is one of the most common dermatoses,
since, according to modern data, it affects about 9.4% of the population. During adolescence, up to 90%
of people suffer, and in adulthood — about 20% with varying degrees of severity. Currently, there are
many approaches to treating this disease through various cosmetic treatments such as phototherapy,
ultrasonic skin cleansing, mesotherapy, chemical peels, and medication. Therefore, the development of
methods and means of differential diagnosis of acne is one of the urgent tasks in the field of biomedical
engineering, dermatology, and clinical medicine, since this allows timely identification of the localization
of the disease, its causes, and prescribing appropriate treatment. However, the solution to the problem of
monitoring the dynamics of external manifestations of the disease is possible only with the use of
combined mathematical methods for image analysis.

Objectives: To develop a comprehensive method for analyzing dermatoscopic images for monitoring the
external manifestations of acne disease during treatment and isolating the affected areas of the facial skin.

Materials and Methods: Dermatological preclinical researches of the skin were conducted in the
laboratory of 3D-biomedical technologies of the Department of Biomedical Engineering of the Kharkiv
National University of Radio Electronics, using a digital videodermatoscope BIO Bm6+ in daylight and a
portable skin analyzer Skin Scope F-102 in the ultraviolet range. Clinical researches were conducted
based on the Department of Pediatric Propaedeutics #2 of the Kharkiv National Medical University. The
development of a software tool for image analysis was conducted out in Python programming using the
libraries OpenCV, Scikit-image, Numpy, PIL, Mathplotlib. Determination of the affected skin areas and
calculation of the parameters of inflammation were carried out using multi-Otsu methods and
morphological segmentation of digital dermatoscopic images.

Results: During the research, automated software was developed that allows to analyze in dynamics the
nature of inflammatory processes and the area of facial skin lesions, as well as to carry out a differential
diagnosis of acne disease. The proposed method for the analysis of dermatoscopic images makes it
possible to perform color segmentation and obtain a map of the gradations of skin inflammations to
control the dynamics during the prescribed treatment.

Conclusions: The comprehensive method of analysis of dermatoscopic images of the skin of the face
makes it possible to effectively control the condition of the skin of the face from acne during treatment,
while analyzing the degree of inflammatory processes and the area of lesions, where, using the developed
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software, in an automated mode, red gradations are calculated to detect the boundaries of inflammation,
geometric parameters and percentage of lesions in relation to healthy facial skin.

KEY WORDS: acne; post-acne; facial skin; dermatology; dermatoscopic imaging; color image
segmentation; multi-Otsu method.

Acne (“acne vulgaris”) is a chronic inflammatory disease that appears itself as open or
closed comedones and inflammatory skin lesions in the form of papules, pustules, nodules,
and more [1]. Acne is one of the most common dermatoses. According to current data, acne
affects 9.4% of the population. This disease affects about 90% of people in adolescence and
sometimes in adulthood: about 20% of people experience moderate to severe forms of the
disease [2]. There are many approaches to treating acne: phototherapy, ultrasonic skin
cleansing, mesotherapy, chemical peels, and medication. Today, dermatological and cosmetic
offices often use a combination of these methods [1-3].

In adolescence, boys and girls suffer from acne while at a more mature age, acne is more
common among women (9.8%) than among men (9%) [3]. This disease affects all ethnic
groups, and there is no verified information on whether race affects the incidence of this
disease [3—4]. Therefore, one of the important tasks in acne treatment is to evaluate the
effectiveness of therapy by monitoring its external manifestations. The purpose of this
research work is the development of a comprehensive method of dermatoscopic images
analysis for monitoring the acne disease external manifestations during treatment and
isolating the affected areas of the facial skin. Currently, dermatological research methods are
among the most effective in identifying affected skin areas [5].

MATERIALS AND METHODS

Dermatological preclinical researches of the skin were conducted in the laboratory of 3D-
biomedical technologies of the Department of Biomedical Engineering of the Kharkiv
National University of Radio Electronics, using a digital videodermatoscope BIO Bm6+ in
daylight and a portable skin analyzer Skin Scope F-102 in the ultraviolet range. Clinical
researches were conducted based on the Department of Pediatric Propaedeutics #2 of the
Kharkiv National Medical University [6].

Diagnostic research was conducted at the Department of Biomedical Engineering
involving 17 people (10 males and 7 females) diagnosed with acne aged 18 to 32 years.

The survey included the patient’s anamnesis and a study of the affected areas of the skin.
The skin was researched with BIO Bm6+ dermatoscope. During the dermatoscopic checkup
of the patients, the same light conditions were observed [7]. During the study, the device is
pressed with slight pressure to the surface of the skin inflamed so that it is in the center of the
contact plate. Then the image is sharpened using the focusing ring and the skin structure is
examined under illumination built-in LEDs. After surveying each patient, the contact plate is
disconnected from the dermatoscope and disinfected according to the standard technique [6].
Oil or liquid of the skin is removed from its surface, which makes the stratum corneum
transparent and allows seeing the pigment structures in all layers of the skin, the size, and the
shape of the superficial vessels of the dermis [7-8].

A portable skin analyzer Skin Scope F-102 which works in the ultraviolet range also was
used for diagnostic research. When using such a device, it is possible to obtain high-quality
images of the facial skin, which can be effectively used to assess the condition of the patient's
skin during the first visit, and to track the effectiveness of the prescribed treatment. The use of
ultraviolet radiation in skin diagnostics makes it possible to efficiently, quickly, and
differentiate different skin features that cannot always be seen under normal lighting. In this
case, different features appear in different colors [7—8].
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Image analysis was executed using the Python language and the OpenCV, Scikit-image
libraries. To study the dynamics of inflammation, dermatoscopic images were transferred
from RGB to HSV color model; the ranges of colors characteristic of several stages of
inflammation (severe inflammation, moderate inflammation, mild inflammation) and the
investigated color h-channel of a dermatoscopic image were identified. Methods of
morphological segmentation were used to isolate the affected skin areas for further
assessment of the area the lesions [8].

RESULTS AND DISCUSSION
Software development for dermatoscopic image analysis based on the method multi-Otsu
The paper considers two approaches to obtaining segments of the affected skin areas. The
first is the multi-Otsu method. This method is an extension of the original Otsu method with a
multilevel threshold value [9]. As is known, the multi-Otsu method is a thresholding
algorithm that is used to separate the pixels of an input image into several different classes,
each one obtained according to the intensity of the gray levels within the image [10]. Multi-
Otsu calculates several thresholds, determined by the number of desired classes. The default
number of classes is 3: for obtaining three classes, the algorithm returns two threshold values.
This method presents a threshold that minimizes the variance within a class, which is
defined as the weighted sum of the variances of two classes [9]:

S, (1) =a,()8; () + @, ()3 (1), (1)

where @, and @, probabilities of two classes separated by a threshold 7, &, and 5, — the

deviation of these two classes, which value is within the range from 0 to 255 inclusively [10].
The first class is minimizing the within-class variance defined above & (t), the second is
to maximize the between-class variance using the expression below [9-10]:

8, (1) =@, (@, ()[4 (1) — 11, (O], (2)
where 14 1s a mean of class i.

The probability P is calculated for each pixel value in two separated clusters C,,C,
using the cluster probability functions expressed as:

@)= 3 PO
3)
7,0 = P(i).

i=t+1

It should be noted that the image can presented as intensity function f(X,y), which
values are gray-level. The quantity of the pixels with a specified gray-level i denotes by i.
The general number of pixels in the image is »n .The pixel intensity values for the C, are in
[1,t] and for C, arein [t+1,I], where I is the maximum pixel value (255) [10-11].

The next phase is to obtain the means for C,,C,, which are denoted by z(t), 1, (t)
appropriately:
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Now let’s remember the above equation of the within-classes weighted variance. We will
find the rest of its components (67,5, ) mixing all the obtained above ingredients [11-12]:
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It should be noted that if the threshold was chosen incorrectly the variance of some class
would be large. To get the total variance we simply need to summarize the within class and
between-class variances [13—14]:

=3, () +5; (t)
(6)
where &, (1) = @, ()@, (O[4 (1) — 1, (O]

The total variance of the image ( ;) does not depend on the threshold.

The developed software on based the multi-Otsu algorithm consists of these steps [8-9]:

e processing of the input dermatoscopic image in gray gradation;

e calculation the histogram and intensity level probabilities;

e determination of multiple thresholds and multiple classes for dermatoscopic image;

e replace image pixels into white in those regions, where saturation is greater than, and
into black in the opposite cases [9—14].

The dynamics of acne disease in the clinical case of patient #5432 in the 1st, 7th, and
14th days of treatment is shown in Fig. 1. Obtained results of images analysis by method
multi-Otsu for the clinical case of 1st, 7th, and 14th days of the treatment are shown also in
Fig. 1 a, b, c. The input dermatoscopic images were transformed from the RGB color model
to HSV. Obtained histogram demonstrates the calculation of brightness pixels for the H-
channel of the HSV color model and the determination of three thresholds for the redness
skin. The third picture represents a color segmentation map of the skin inflammations for the
dynamic evaluation of acne and calculation of its parameters for making further decisions.
The colors of the segmented areas of the dermatoscopic image by method Otsu were selected
to display the determined boundaries with the most contrast using library OpenCV. Multi-
Otsu results for map colors demonstrate an accurate location of acne redness.
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Fig. 1. An example of dermatoscopic images analysis by the multi-Otsu method of 1st (a), 7th (b),
and 14th (c) day of #5432 patient acne treatments.

Software development for dermatoscopic image analysis based on the mathematical
morphological operations
The second method is mathematical morphological operations, which were used for
software development for dermatoscopic image analysis [15-17].
The sequence of stages of the developed software based on the second method consists of
6 basic units, which are represented in Fig. 2 [15].
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Fig. 2. A structure diagram of developed software for dermatoscopic image analysis by mathematical
morphological operations.

The first step of the software is loading the dermatoscopic image on the module. Input
data for analysis are 24-bit color JPG images with 422x279 resolution. This format is one of
the most common formats for working with bitmaps and is supported by many modern
display devices [16]. The color depth of all input images was 8 bits/pixel, with color
representation in the RGB model. The second step is using a median filter, which is applied to
reduce the noise level in the image [17]. The third step of digital image processing is the
transformation from the RGB to HSV color model for further analysis, using standard
formulas [15-17]:

0, if max = min

60><g;b.,zfmax=rig2b
max—min

H= 60xg;b,+360,zfmax=rig<b
= max—min
b-r .
60x—— +120,if max =g
max—min
60><b;r.+240,ifmax=b (7)
max—min

0,if max=0

S = L min

max

V = max

Components H € [0, 360], S, V, R, G, B € [0, 1]. MAX is the maximum value of R, G
and B, and MIN is the minimum of them.
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For detection of skin inflammations on the dermatoscopic image was used segmentation
by red color. For color segmentation, need select the parameters by which segmentation will
be executed. For human skin with inflammation, the threshold values were [14, 75, 60] and
[360, 255, 255] shades of red in the HSV color model. The obtained values will be used to
find inflammation in dermatoscopic images taken under standard lighting. After
segmentation, the developed module executes the morphological expansion of the image
using the dilation operation. In this case, the binary gradient mask uses vertical and horizontal
structural elements [18]. This operation allows filling in the gaps within the obtained limit to
eliminate the probability of false boundaries [19].

The next stage is filling the contours of the resulting boundaries, it is necessary to realize
mathematical operation — smoothing. Smoothing is executed using the erosion operation. It
allows getting smoother and more "natural" boundaries, corresponding to the object contours
without capturing neighboring pixels [20]. Most inflammations on human skin do not have
clear boundaries, after localizing the point of inflammation intensity it is necessary to search
for related areas to obtain more reliable information about the localization and the degree of
inflammation and to objectively assess the skin lesions area [15-20].

The last step after finding the boundaries is the calculation of the technical parameters of
the found boundaries (i.e. the size of the skin lesions). In this case, the informant result is the
original image with the highlighted limits of inflammation in the calculated area [21].

In this article to determine the area of the lesions, the use of the method of mathematical
morphology was investigated. For this, the original image was converted from an RGB color
model to a binary one. Further, using the methods of erosion and dilation, the affected areas
of the skin were isolated [15-25].

The erosion of the binary image A by the structural element B is defined as:

A©B={z€E|B,C 4}, (8)
where By is the transfer of B to the vector z, ie B, = {b + z|b € B}, V,€ E.

The dilation of A using the structural element B is defined as:
A®B=U,4 - ©)

To implement both operators need to enter the kernel parameter. It is advisable to use a
5x5 core. Also using these operations, it is necessary to specify the number of iterations for
the most accurate result. In the case of fuzzy objects, such as inflammation on human skin, 1
iteration is used for erosion operations and 2 a re used for expansion operations. Obtained
results are represented in Fig. 3. The color range (upper and lower bounds of the color) for the
acne areas determination corresponds to this range of the HSV image. In the clinical case of
Ist, 7th, and 14th day during treatment of patient #5432 dermatoscopic images were
transformed into different color models: HSV, GRAY, Binary, and BGR for detection acne
boundaries and accuracy calculation geometric parameters using mathematical morphologies.
All obtained images were represented by the requirements of the computer coordinate system.

Fig. 4 shows the experimental results of the survey skin in ultraviolet light for example
#387 and #394 patients with closed comedones for prescribing cosmetological procedures and
dermatological treatments. The resolution of the obtained digital images is 750x750 pixels.
Detection of closed comedones on the skin was executed mathematical morphological
operations [20-25].
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Fig. 3. An example of dermatoscopic image analysis for detection acne using morphological operations of the 1st
(a), 7th (b), and 14th (c) day treatment of #5432 patient.

a b

Fig. 4. An example of the patients' skin in UV illumination during the survey (a) and the result of image analysis
with highlight contours of closed comedones on the skin (b).
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CONCLUSIONS

The developed comprehensive method for analyzing skin lesions with acne allows
automated control of the external appearance of this disease dynamics. The use of this
software is especially advisable during therapy, which can make it possible to timely adjust
acne intensity and treatment regimen. The developed module works with two types of images
— obtained under daylight and UV illumination. The developed module makes it possible to
effectively and objectively assess the degree of the disease by guiding the geometric
parameters of inflammation on the skin, as well as by visualizing the highlighted contours of
inflammation in images.

The investigated multi-Otsu method allows obtaining a map of the gradations of
inflammation in one image. The obtained color spectrum is present in all images to interpret
the results. The combined method of dermatoscopic image analysis makes it possible to
effectively monitor the condition of the patient's skin by analyzing the degree of inflammatory
processes and the area of the lesions but does not have the advantages of the first method for
tracking the gradations of inflammation.
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PO3POBKA KOMIIJIEKCHOI'O METOAY AHAJII3Y JEPMATOCKOIIIYHUX 30BPA’KEHb
HIKIPU OBJINYYSI 3 AKHE
K. T. CeniBanosa, O. O.Tpy06inun, O. I'. ABpyHiH
Xapkiscokuil Hayionanvruil yrieepcumem padioenekmponixu, np. Hayku, 14, Xapxis, Ykpaina, 61166
e-mail: karina.selivanova@nure.ua

AKTyaJdbHicTh. OHAM 13 HAUMTOMIHMPEHIMNX 3aMaTbHAX XPOHIYHUX Ta PEIMINBHUX 3aXBOPIOBAHb HIKiPH
€ akHe («acne vulgaris»), IO TPOSBIAETHCS SIK BIIKPHUTI ab0 3aKpHTI KOMEIOHH 1 3amajbHi ypaKeHHS
MIKIPHOTO TIOKPOBY V BWIJIIAI TAmmyJl, MYCTyJ, BY3JiB TOIO. BcTaHOBIIEHO, 1O aKHE € OTHUM i3
PO3MOBCIOKEHUX JepMaTO3iB, OCKUIBKH Bpakae, 3a CydaCHHUMH NaHUMH, Onm3bko 9,4% HaceleHHS.
VY migniTKkoBOMY Billi cTpakaaroTs 10 90% mroneil, a B 3pinomy — 6mu3bko 20% 3 pi3HUMHU CTYIICHIMHU
TspKKocTi. Hapasi icHye Oarato migxXo[iB 10 JIKyBaHHS LBOI'O 3aXBOPIOBAHHS 32 JONOMOTOIO
PI3HOMaHITHUX KOCMETOJIOTIYHHUX 3aco0iB, TakuX SK: (OTOTEparis, YIbTPa3ByKOBE OYMINEHHS IIKIpH,
Me30Teparisi, XiMiYHAH TUIHT Ta MEIUKaMEHTO3HE JIiKyBaHHA. ToMy po3poOka MeToiB Ta 3aco0iB
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JUQepeHIiaabHOl NIarHOCTHKY aKHE € OHIEI0 3 aKTyalbHHX 3a7a4 B ranxy3i 0ioMeIWYHOI iHKeHepil,
JICPMATOJIOTii Ta KIIHIYHOT MEIWMIMHH, OCKUIBKH II€ HAJa€ 3MOTH; CBOEYACHO BUSBUTH JIOKATi3allifo
3aXBOPIOBAHHS, WOTr0 NPUYMHU Ta NPU3HAYUTH BiAMOBimHE dikyBaHHsA. OIHAK BUpINICHHA 3al1adi
MOHITOPHHTY 3a JMHAMIKOK 30BHIIIHIX MPOSBIB 3aXBOPIOBAHHS MOJIHMBE JHIIE MPH 3aCTOCYBaHHI
KOMOIHOBaHHX MaTeMaTUYHUX METOJIIB aHaAi3y 300paKeHb.

MeTow po6oTH € po3poOKa KOMIUIEKCHOTO METOAYy aHali3y AepMAaTOCKOIYHUX 300pa)KeHb I
MOHITOPHHTY 3a IMepediroM 30BHINIHIX MPOSBIB 3aXBOPIOBAHHS aKHE IiJ] 4ac JIIKYBaHHS Ta BUIIIJICHHS
YpaKeHUX TUITHOK IIKIPU OOJIAIYS.

Marepianu i meroau. JlepMaToNoridHi AOKIIHIYHI JOCTIIKEHHS IIKipH 0O0MWY4s OyJiM TpOBEACHI Ha
6a3i maGoparopii 3D-6iomennyHUX TexHoOJOTiH Kadenapu OiomenndHoi iHXeHepii XapKiBCHKOTO
HaliOHAILHOTO YHIBEPCUTETY PaJiOeNIeKTPOHIKH 13 BUKOPHCTaHHSIM LU(poBoro Bineonepmarockona BIO
Bm6+ mnpu pgeHHoMy cBiII Ta mNoOpraTMBHOro asamizatopa Iukipu Skin Scope F-102 B
yabTpadioneroBomy nianasoni. Kniniuni gociimkenHs Oynu nposezeHi Ha 6a3i kadeapu MponeneBTUKH
neniatpii Ne 2 XapKiBCbKOTO HAI[IOHATBHOTO MEAMYHOTO YHiBepcuteTy. Po3poOka mporpaMHOro 3aco0y
JUIsL aHaiizy 300pakeHb Oyja BHKOHaHa y CepeloBHMILI NporpamyBaHHs Python i3 BHKOpHCTaHHSM
6iomiorexk OpenCV, Scikit-image, Numpy, PIL, Mathplotlib. BusnaueHHs ypakeHHX IUISHOK HIKipH
0o0NMYYS Ta PO3PaxyHOK IMapaMeTpiB 3amajieHb MPOBOIMINCH MeTonaMu MyIbTH-O1y Ta MopdoioriaHol
CerMeHTalii MuppPOBUX AEPMATOCKOIIITHIX 300paXKeHb.

PesyabTraT. Y Xo0mi JociimkeHb OyB po3poOJieHWH aBTOMATH30BaHWK MPOTpamMHHMA 3acid, SKHit
JIO3BOJISIE TIPOAHAi3yBaTH Yy IWHAMIIIl XapakTep 3alajlbHUX IMPOIECIB Ta IUIONYy YpaKeHb HIKIpH
0o0NMYYs, a TAKOX MPOBECTH TUPEPEHINIIHY A1arHOCTUKY 3aXBOPIOBAHHS aKHE. 3alpoONOHOBAaHUN METOJ
aHaJ3y JNEPMATOCKOIMYHKUX 3HIMKIB JIO3BOJISIE BUKOHATH KOJBOPOBY CErMCHTAII0 Ta OTPUMATH KapTy
rpajanii 3anajcHb NIKIPH JJIs1 KOHTPOITIO 33 IUHAMIKOFO MiJ] Yac MPU3HAYCHOTO JTiKyBaHHS.

BucHoBkn. KoMmriuiekcHMiA MeTOJ| aHaNi3y AEPMATOCKOIIYHHX 300pa)KCHb IIKIPU OOJUYYS JTO3BOJSE
e(eKTUBHO KOHTPOJIOBATH CTaH IIKIpH OOJIMYYs 3 aKHE IiJ 4ac JIKyBaHHS, aHAJi3yIOYH IPU LBEOMY
CTYIIiHb 3allajJbHUX MPOLECIB 1 IUIOLLY YpaXkKeHb, 1€ 33 JOIOMOT00 PO3pOOJICHOI0 IPOrPaMHOI0 3ac00y B
ABTOMATH30BAaHOMY PEXHMI PO3PaXOBYIOTHCS Tpajallii YepBOHOTO KOJILOPY JUISA JCTCKTYBaHHS I'PaHUIb
3anajyeHb, TeOMETPUIHI MapaMeTPH Ta BiJHOCHA YaCcTKa ypaXeHb MKIpHU 00T,

KJIIOYOBI CJIOBA: axHe; mocTakse; OIKipa 0OJIHYYs; JEePMATOJIOTiS; 1epMAaTOCKOIIYHI 300paskeHHs; CErMEHTaIlis
KOJIbOPOBUX 306pa)1<eHL; MCETO MyJ'H)TI/I-OL[y.

PA3PABOTKA KOMIIJIEKCHOI'O METOJA AHAJIN3A JTEPMATOCKOITUYECKHUX
N30BPAXKEHUM KOKH JINIIA C AKHE
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AxTtyaabpHocTh. OpHUM W3 HauOoyiee paclpOCTPAaHEHHBIX BOCHAIMTENBHBIX XPOHMYECKHX U
peunAMBUpYONMX 3a00eBaHNN KOXH SIBIIsieTCsl akHe («acne vulgaris»), KOTOpoe MpOosBISICTCS B BUAE
OTKPBITBIX WJIM 3aKPBITBIX KOMEJIOHOB M BOCHAIUTENBHBIX ITOPAKEHHH KOXKHOTO NMOKpPOBa — Marryd,
MYCTYJI, y3JI0OB M T.J. YCTAQHOBJIEHO, YTO aKHE SBJSIETCS OJHUM M3 PaclpOCTPaHEHHBIX JIepMaTO30B,
MIOCKOJIbKY MOpa)KaeT, 110 COBPEMEHHBIM JaHHBIM, okoyio 9,4% Hacenenus. B monpoctkoBom Bozpacte
cTpagarot a0 90% mrozeit, a B 3pesioM — 0koiio 20% ¢ pa3HbIMU CTEIEHAMU TSDKECTH. B HacTod1ee BpeMs
CYIIECTBYeT MHOTO MOJXOJOB K JICUCHHIO OTOr0 3a00JieBaHMS C I[IOMOIIBIO  Pa3JIUYHBIX
KOCMETOJIOTHYECKUX CPEICTB, TAKMX Kak (poToTepamus, ylbTpa3ByKOBas OYMCTKA KOXKH, ME30Teparnusi,
XMUMHUYECKHH NHJIMHI U MEJUKaMeHTO3HOe JjedeHue. [1oaTomy pa3paboTka METONOB M CPEICTB ISt
nuddepeHnnanbHON  IMATHOCTHKK aKHE SIBIISIETCS OJHOM M3 aKkTyalbHBIX 33ja4 B 00JacTu
OMOMEIMIIMHCKON MHXCHEPUH, ACPMATONOTHH U KIIMHUYECKOW MEIHUIMHBI, MOCKOJIBbKY 3TO MO3BOJISIET
CBOEBPEMEHHO BBISIBUTH JIOKAJIM3AIMIO 3a00JIeBaHMs, €ro NPUYMHBI M HA3HAYUTh COOTBETCTBYIOILEE
nedyenue. OIHAKO pelIeHHE MOCTAaBJICHHOM 3a/laul MOHMTOPHMHTA 32 AWHAMUKOW BHELIHUX IPOSIBICHUIN
3a00JIeBaHMsl BO3MOJXKHO TOJIBKO TIPH HPUMEHEHHH KOMOWHHMPOBAHHBIX MaTEMaTH4eCKHX METOOB
aHaM3a U300paKeHuH.

Leas pa6oTel. Pa3zpaboTka KOMIUIEKCHOTO METOJAA aHajIHM3a AEPMATOCKONHMYECKHX H300paKeHUH st
MOHHUTOPHHI'a BHELTHUX IPOSBICHUH 3a00€BaHKs aKHE BO BpEMsl JICUCHUSI U BBIACIICHUS IMOPAKCHHBIX
Y4aCTKOB KOXKH JIHIIA.

MarepuaJjibl 1 MeTOAbI. J[epMaTOIOrHYecKue JOKINHIUYECKHE UCCIICIOBAHMUS KOKH ObLIH MPOBEICHbI B
naboparopun 3D-0MOMETUITMHCKUX TEXHOJIOTUN Kadeapbl OMOMETUITMHCKOW HHXCHEPUH XapbKOBCKOTO
HAIMOHAIILHOTO YHUBEPCHUTETA PaJHO3JICKTPOHUKN C HCIOJIb30BaHHEM LH(POBOro BHICOAEPMATOCKOIA
BIO Bm6+ mnpum nHEBHOM cBeTeé M TIOPTATUBHOTO aHamm3aTopa koxu Skin Scope F-102 B
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ynbTpaduoieToBoM auana3oHe. KiMHWYeCKWe WCCICIOBaHMS OBUIM TPOBEICHBI Ha Kadeaps
npornefeBTUKH nenuatpud  Ne2  XapbKOBCKOIO  HAIMOHAJBHOTO MEIUIIMHCKOTO  YHUBEPCUTETA.
Pa3paboTka mporpaMMHOTO CpeIcTBa Ui aHalh3a H300paKCHUI ObUIa BBIMONHEHA B CpEC
nporpammupoBanust Python c¢ wucnomszoBanmem Oubnmorek OpenCV, Scikit-image, Numpy, PIL,
Mathplotlib. Omnpenenenne TNOpPaKEHHBIX YYaCTKOB KOXH M pacyeT TNapaMeTpoB BOCTAJICHUIH
NPOBOMIINCH  MeTomamMu  MynbTH-OMy ¥ MOpP(OJOTHYECKOM  CerMeHTanuud  OH(POBBIX
JEPMATOCKOIMIECKUX H300parkeHMI.

PesyabTaTrhl. Bo BpeMs mnpoBemeHHWs WCCIEAOBAaHUA OBUIO pa3paboTaHO aBTOMAaTH3HMPOBAHHOE
IIPOrPaMMHOE CPEACTBO, II03BOJIIOILEE MPOAHAIU3ZUPOBATh B AMHAMUKE XapaKTE€p BOCHAIUTEIbHBIX
MIPOIIECCOB M IUIOIMIAAb HMOPAKCHUHA KOXKH JIMIA, a TAaKXkKe MpoBecTH Au(QepeHNnanbHyI0 JHarHOCTHKY
3a0oneBaHus akHe. [lpelyraraeMblii METOJ] aHaIM3a JICPMATOCKOIIUYECKAX CHUMKOB ITO3BOJISCT
BBHINIOJIHUTh LBETOBYIO CEIMEHTALMIO M MOJYUYUTh KapTy rpajaldil BOCHAJICHUN KOXHU JJIsl KOHTPOJIS
JIMHAMUKHU BO BpeMs Ha3HAYEHHOIO JICUCHHUSI.

BuiBoabl. KoMIUICKCHBIN METOJ aHaIM3a JEPMATOCKOMMYCCKHX W300paKCHHUU KOXKH JIHIA MO3BOJSACT
3¢ (HEeKTUBHO KOHTPOIHMPOBATh COCTOSTHHE KOXKHU JIMIA C aKHE BO BPEMs JICUCHUS, aHAIU3HUPYS IPU ITOM
CTETIEHb BOCIIAJHUTEIBHBIX IPOILECCOB W IIIOMANh MOPaKEHWH, I7A€ C IOMOIIBI0 Pa3paboOTaHHOTO
IIPOrPaMMHOI0 CPENCTBA B aBTOMATU3UPOBAHHOM PEXHMME PAaCCUMTHIBAIOTCS I'paJallid KpacHOro LBETA
JUIsl IE€TEKTUPOBAHUs IPAaHUL BOCIIAJIEHUH, FEOMETPUUECKHUE NTapaMeTPhl U A0 OPAKEHUIN KOXKHU JIMLIA.
KJIIFIOYEBBIE CJIOBA: akHe; mocrakHe, KoXKa JHIQ; JEPMATOJOTHS; ICPMATOCKOIMHMYECKHE H300paXKCHUS;
CerMCcHTalMs NBCTHBIX 1/1306pa>1<eH1/H71; MCTOJ MyIII)TI/I-OIIy.



