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KOMM'IOTEPHUA METOZ BUMIPFOBAHHA OMTUYHUX | KOMIPHOIO
NMAPAMETPIB NIOACBKOIO BOJ/IOCCH
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Xapkiscbkul HayioHa/ibHuli yHisepcumem iMeHi B. H. KapasiHa
1HayioHanbHUl hapmayesmuyHull yHisepcumem
2XapkiscbKuli HayioHasibHUU yHiBepcumem [NosimpsiHux Cus iMeHi IsaHa Koxedyba

Y piarHocTuui Ta nikyBaHHi 3aXBOprOBaHb BO/IOCCA Ta LLKIPY BX/IMBY PO/b Bifirpae iHhopmMalL,is Npo T i KOHLEeHTpaLito
MEe/IaHiHy, W0 B HWX MICTUTbCA. 3aCTOCYyBaHHSI METOAIB MaTreMaTM4YHOro MOAE/NoBaHHA Ta KOMM'KOTEPHOr0 06p06/IeHHS
eKCnepuMeHTa/IbHNX AaHUX 3HAYHO CMPOLLYOTb aHasli3 BMICTY MenaHiHy B 6i0N0riYHMX TKaHUHaX. Y 3B’A3KY 3 LM akTy-
a/IbHUM € PO3pPO06/IeHHs Ta AOCNILKEHHS HOBUX, BiflbLL NPOCTUX METOAIB aHauidy, 30kpema (Pi3UUHKUX.

MeTO LbOro A0CAIMKEHHS OYN0 BUKOPUCTAHHSA KOMN'IOTEPHUX METOAIB AJ/151 BUMIPIOBaHHS AiaMeTpa /oACbKoro BOs1oC-
CA, MOro ONTUYHUX, KOMIPHUX XapaKTEPUCTUK Ta OLiHIOBaHHS BMICTY B HbOMY MenaHiHy. ¥ poboTi onucyeTbcs 3anpono-
HOBaHWii aBTOpamy MeTog, 06po6/IEHHSA MIKPOCKOMIYHNX 306pakeHb BOSIOCCSA NIIOAUHW, MPU3HAYEHWI A5 BUMIPIOBaHHS
X ONTUYHMX NapameTpiB. Jlloacbke BOOCCA MOMillav Ha NPeAMETHUIA CTisl ONTUYHOrO Mikpockona BiolLight 200. Ans
hoTorpadpyBaHHs BUKOpUCTOBYBasiacsa LMgpoBa npuctaska Sigeta FMAO37. 3a 40ONOMOro nporpamHoro gofarka 30-
GpakeHHs Bo/loccs Oy/10 PO3K1aAeH0 Ha CK1aaoBi TPbOX KOMbOPIB — YePBOHOI0, 3€/1IEHOM0 Ta CMHBLOTO. [JaHi MateMaTuyHO
06po6neHo. B pesynstati BUMIPAHO KOeiLEHTV NPpOonyCckaHHA Ta BIAOWUTTA CBiTNa B Ajana3oHax JaHuX Konbopis. Ha
OCHOBI OTPMMaHMX AaHUX PO3paxoBaHO KOeMILEHT CBIT/IONOMMHAHHA BOMIOCCAM, AIACHY Ta YSBHY Y4acCTWHM KOMMJIEK-
CHOrO MOKa3HMKa 3a/10MIeHHS. obyaoBaHo rpadiki 3a/1eXHOCTI LUMX napaMeTpiB Big KONbOpy Bosioccs. 3a JONOMOrot
METO/ly HaiMeHLUMX KBaapaTiB OTPUMaHO hOPMY/N, L0 ONUCYIOTL L 3a1eXKHOCTI. MOPIBHAHHS OTpMMaHMX 3a/1eXXHOCTEN
i3 TA6/IMYHMMYM AAaHMMKW NPO BMICTY MeJ1aHiHy Y BOMIOCCi Pi3HMX KO/IbOPIB A03BOMNMI0 OTPMMAT MaTeMaTUyHy 3a/1eXHICTb
BMICTY MeNaHiHy Bif, MokasHuKa nocnabneHHs CBiTaa y BOIOCUHI Ta MOro Konbopy. 3anponoHOBaHO KOMM OTEPHNIA METOS,
BMMIipHOBaHHSA ONTUYHMX | KONIPHUX XapakTepuCcTUK BOJIOCCS, L0 AA€ 3MOry BU3HAYMTU BMICT Y HbOMY MenaHiHy. MeTog €
Habarato nNpocTilMM 3a BiAOMI XiMiYHi MeToAN, HE BMMarae AOpPOroro o6nagHaHHs i 3aliMae Masio yacy. MNMokaszaHo MOX-
NIMBICTb BUKOPUCTAHHS MPOCTOrO Ta LIBUAKOTO (Pi3UYHOro MeTody onepaTvBHOIO aHasli3y napamMeTpiB BO/1IOCCS NIOAUHM Ta
OL|iHIOBaHHS BMICTY MenaHiHy Y BO/IOCCi 3aMiCTb CKIaAHMX XiMIYHMX METOAiB. 3anponoHOBaHO KOMM'KOTEPHUIA MeToA, BU-
MipIOBaHHS ONTUYHUX | KOMIPHUX XapakTepUCTMK BOMOCCS, LU0 Aa€E 3MOry BU3HAYMTU BMICT ME/aHiHy y HbOMY.

KntouoBi cnoBa: KOMM'IOTEPHI METOAM, BOIOCCS, BUMIPIOBAHHS, NOTMNHAHHSA, PO3CISHHSA, MeNaHiH, KONopuMEeTPIs.
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Background. In the diagnosis and treatment of hair and skin diseases, an important role is played by information about
the type and concentration of melanin contained there. This study aimed to use of computer methods to measure the hu-
man hair diameter, its optical, color characteristics and assess the content of melanin in it.

Materials and methods. Human hair was placed on the stage of a BioLight 200 optical microscope. Sigeta FMA037 dig-
ital attachment was used for photography. With the help of a software application, the image of the hair was decomposed
into components of three colors — red, green and blue. Using the least squares method, formulae that describe these
dependences are obtained.

Results. The transmittance and reflection of light in these color ranges were measured. Based on the obtained data, the
light absorption coefficient in the hair, the actual and virtual parts of the complex refractive index were calculated. Graphs
of dependence of these parameters on hair color are constructed. Comparison of the obtained dependences with tabular
data on the content of melanin in the hair of different colors made it possible to obtain a mathematical dependence of the
content of melanin on the rate of weakening of the hair and its color. A computer method for measuring the optical and color
characteristics of hair is proposed, which makes it possible to determine the content of melanin in it.

Conclusions. The method is much simpler than known chemical methods, does not require expensive equipment and
takes little time. A computer method for measuring the optical and color characteristics of hair is proposed, which makes it
possible to determine the content of melanin in it.

Keywords: computer methods, hair, measurement, absorption, scattering, melanin, colorimetry.
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Introduction. Many problems in biology and med-
icine today require the use of mathematical methods
to solve them. To do this, mathematical models of
processes occurring in the studied objects are created.
When developing mathematical models, in particu-
lar, those that describe the interaction of light with
biological tissues, it is necessary to know the optical
parameters that characterize the absorption and scat-
tering of light.

One such problem is the application of methods of
mathematical modeling and computer processing of
experimental data in the analysis of melanin content
in biological tissues. Its type and concentration must
be known in the diagnosis and treatment of hair and
skin diseases, laser hair removal etc. [1-12]. Methods

Fig. 1. Hair structure

The hair has the shape of a cylinder with a diameter
ranging from 10 to 300 pm. The outer shell (cuticle)
is a dense coating formed by flat cells that cover each
other in the form of a “tile roof”. The cells are arranged
in several layers from 6 to 9. They consist of keratin
and proteolipids, which form the hydrophobic shell of
the hair, and also contain horny substances that provide
mechanical protection of the inner layers. The organic
components of the cuticle that is fats, proteins, waxy
substances provide the hair with elasticity and shine.

The inner part of the hair (cortex) is formed by
keratinized fibers surrounded by cells responsible
for the metabolism and morphology of the hair. The
cortex makes up about 90 % of the hair mass. It con-
tains melanin granules. Hair color is determined by
the concentration and type of melanin or eumelanin,
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of chromatography [5, 10], refractometry [11], spectral
analysis [9, 12] are used to determine the content of
melanin. These methods require expensive equipment
and are time-consuming. Therefore, an urgent prob-
lem is the development and research of new, simpler
methods of analysis, in particular, physical methods.
A large number of scientific works, such as articles [1,
2, 6, 8], are devoted to this problem, although research
is ongoing and the problem remains relevant.

In this article, the authors describe the use of comput-
er methods to measure the parameters of human hair
- their color characteristics, absorption and scattering
of light, a complex refractive index, on the basis of
which you can estimate the content of melanin. Fig. 1
shows the structure of the hair.

Cuticle

which gives hair black and brown colors, as well as
pheomelanin, which gives hair light shades.

In gray hair, melanin disappears because it stops
being synthesized in the hair follicles, in which the
amount of hydrogen peroxide increases drastically.
That is, natural hair bleaching occurs through the same
reagent that helps women become blonde. At the same
time, a large number of air bubbles appear, which also
give the hair a light shade.

Some hairs, but not all, have a central part, the
medulla. Vellus hair and some other types lack it and
have only the cortex and cuticle. There are no chem-
ical processes in the medulla. Inside the medulla are
microscopic air bubbles that provide good thermal
conductivity of the hair.
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Thus:

1. The absorption of light in the hair is determined
by the amount and type of melanin.

2. Light scattering is determined by the cuticle and
melanin granules located in the cortex. In gray hair,
light scattering also occurs on air bubbles inside the
hair, which are formed due to the destruction of mel-
anin granules.

This work describes the results of measurements
of light absorption and scattering by hair of different
colors in people of a certain age. Methods of com-
puter processing of images obtained with the help of
a microscope are offered. Scattering and absorption
parameters are calculated. Computerized digital image
analysis allows us to assess the content of melanin in
the hair.

This study aimed to use of computer methods to
measure the human hair diameter, its optical, color
characteristics and assess the content of melanin in it.

Materials and methods. The hair fixed in a frame
was placed on a subject table of the BioLight 200
optical microscope. Lighting by means of light-emit-
ting diodes from below and from above was used.
The digital Sigeta FMAO037 set-top box was used
for photography, it was used to transfer the image to
a computer, where it was recorded in * .bmp format.
Then it was mathematically processed.

The advantages of this method are the use of equip-
ment and software available in many laboratories, the
short time required for measurements and processing
of results.

Results and their discussion. Colorimetric anal-
ysis of human hair. An important characteristic of
the hair substance is its absorption of light, which
depends on the amount of melanin in it and its type.
It is determined by the absorption coefficient a, which
is included in the Bouguer formula:

I=Ie™" ¢y

According to various w019ks, for example, [2, 12] its
value for the visible range is in the range from 75 m™ to
7000 m. In the work [12], the values of the scattering
coefficient in the range from 3000 m™ to 30,000 m!
are also indicated.

To perform colorimetric analysis in this article the
capabilities of software applications that enable to
decompose the color image of the hair into three com-
ponents - red, green and blue, and then explore them
are applied. To do this, using a microscope eyepiece
(Sigeta FMAO037) digital photo of hair of different
colors were taken. Hair samples were provided for the
experiment by students of the National University of

Pharmacy (Kharkiv).

The transmittance T and reflectance R of the hair
were measured, and this made it possible to use Bou-
guer’s law. In this case, the exponent includes both
the absorption index and the scattering index of the
medium.

Fig. 2 (a) shows a photo of fair hair and its tricolor
image. The distribution of light intensity in the cross
section of the hair in these color ranges in relative
units is shown below the photos. The unevenness of
the intensity is due to the focusing of light by the hair
as a cylindrical lens. It can be seen that the red light
is weaker than the green and blue. Fig. 2 (b) shows a
photo of gray hair. It can be seen that the light trans-
mission is higher here and the focus is stronger.

In addition, Fig. 2 (c) shows photos of brunette hair.
The reflection (R) and transmission (T) coefficients
of such hair are very small. Characteristics of blonde
hair are completely different (Fig. 2 (d)). This hair
transmits red light well, and transmits the green and
blue ones much worse.

These data were used to determine transmission (T)
and reflection (R). They were calculated by formulae:

I
T:]—T, R=-%, 2)
0 [0

where IT and IR are the average intensity of incident
and reflected light, respectively, 10 is the intensity of
the background in the photos.

From these data it is possible to determine the coef-
ficient of absorption of radiation in the hair. Part of the
energy that hits the hair is reflected from it. Therefore,
energy equal to (1 R) will get inside the hair. Here,
the energy of the incident wave is taken equal to 1.
We denote the absorption coefficient by K, and then
the energy will pass through the hair:

T=(1-R)(1-K) (3)
Thus, the light absorption coefficient is determined
by the formula: T
K=1-—— 4
1-R

Fig. 3 shows the distribution of absorption in three
color ranges for hair samples of an 18-year-old blonde
and 18-year-old brunette. Absorption by dark hair is
large in the entire visible range of about 90 %. Absorp-
tion of blonde hair is much less. It varies from 60 %
in the blue part to 5 % in the red part of the spectrum.
The average absorption value is 92 % in dark hair and
34 % in fair hair.

The absorption spectrum of blonde hair qualitatively
coincides with the absorption spectrum of melanin.
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Fig. 3. Hair absorption of light ((a) blonde, (b) brunette), (c) melanin absorption spectrum
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This confirms the correctness of the measurement
technique proposed by the authors.

Formula (1) shows that the attenuation coefficient
o is equal to: InT

where | is the thickness of the layer of matter through
which light passes.

The measured values of absorption in several hair
samples are given in Tab. 1. In the calculations, the
thickness of the layer was taken to be equal to the
average value of the thickness of the hair md/4, where
d is the diameter of the hair.

Table 1

Light absorption by hair

Absorption coefficient a, m™*
Sample charac-
Sample teristics red part of the | green part of the | blue part of the | average value
spectrum spectrum spectrum
11 An 18 year-old
brown-haired 7.59 22.10 23.20 15.90
man
12 An 18 year-old 1.43 8.08 13.20 5.75
blonde girl
1> An 18 year-old 39.70 29.00 42.00 32.9
brunette girl
16 An 11 year-old
red-haired girl 0 3.55 8.82 2.05
17 A 79 year-old 727 288 1.18 475
gray-haired man
18 A 46 year-old
brown-haired 6.57 19.10 19.70 14.80
man

The obtained values agree satisfactorily with the
values obtained by other researchers, for example,
given in works [1, 2].

Optics uses a complex refractive index m=n-ix. Its
actual part n determines the refraction of light at the
boundary of the distribution of media, the virtual part
K is attenuation of light in the medium.

Numerous experiments have shown that the values
of the actual part of the refractive index n of the hair
are contained in the range from 1.5 to 1.55[1, 6]. The
values of the virtual part x are contained in a wider
range from 10 to 50.

The absorption coefficient o is related to the virtual
part of the complex refractive index k by the follow-

ing ratio: 47K

o= s (6)
where A is wavelength of radiation in free space.
The mathematical program separates the hair im-

ages into three components in the red, green and blue

regions of the spectrum. The average value of the

wavelength for these ranges was substituted into the
formula for determining the parameter k. The values of
the considered wavelength ranges are taken as follows:
- blue: 400...480 nm, average energy value 420 nm;
- green: 480...600 nm, average energy value 530 nm;
- red: 600...690 nm, average energy value 680 nm.
Values x for the studied hair samples were calculated.
The results of the calculations are shown in Tab. 2.
From the indicators of the last column (average on
the spectrum value of the attenuation index) it is seen
that the lowest light absorption occurs in the gray hair.
It is slightly greater in the red hair. It is much greater
in the blonde’s hair. In the hair of two brown-haired
men, it is almost the same, despite the age difference.
In the hair of a brunette light absorption is really great.
Graphs of the dependence of the attenuation index
on the wavelength for different hair are shown in Fig.
4. Due to the small number of points, the nature of
the curves cannot be determined, so they are shown in
straight lines. But all the graphs show that the attenu-
ation decreases as the wavelength increases.
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Table 2

Sample ch Absorption coefficient o, m™
ample charac-
Sample tEristics red part of the | green part of the | blue part of the | average value
spectrum spectrum spectrurn
11 An 18 year-old
brown-haired|  0.000411 0.000932 0.000849 0.000730
man
12 An 18 year-old | 074 0.000341 0.000483 0.000301
blonde girl
15 An 18 year-old | 55515 0.001220 0.001540 0.001640
brunette girl
16 An 11 year-old | 535001 0.000150 0.000323 0.000158
red-haired girl
17 A 79 year-old| ) 550539 0.000012 0.000043 0.000032
gray-haired man
18 A 46 year-old
brown-haired|  0.000356 0.000806 0.000721 0.000628
man
15 . &
k10 ® —— . e
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Fig. 4. Dependence of the absorption index on the wavelength of light (1 — a 79 year-old gray-haired man,
2 —an 11 year-old red-haired girl, 3 — an 18 year-old blonde girl, 4 — a 46 year-old brown-haired man, 5 — an
18 year-old brown-haired man, 6 — an 18 year-old brunette girl)

Determination of melanin concentration in hair.
The rate of attenuation of light depends on the concen-
tration of melanin in the hair. Therefore, its value can
determine the melanin content. However, the optical
method cannot find the absolute value of the concen-
tration of melanin. To do this, the results obtained by
chemical methods should be applied.

Reference data on the content of melanin in hair of
different colors obtained by chemical analysis were
taken. They are shown in Tab. 3, compiled according
to [2]. The concentration of melanin is given in mil-
ligrams per 1 gram of hair mass. Data are taken from
five sources. The last column shows the average values
for each hair type.
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Table 3
Reference data on the concentration of melanin in the hair
. The concentration of melanin, mg/g
Hair color

1 2 3 4 5 average value
dark 13.485 - 5.37 31,0 £ 15.0 7.2 8.8+104
fair (blond) 3.46+0.73 - 1.165 - 2.5 24+29
white (albino) 0.65 - 1.626 - - 1.10 £ 6.20
Zii dgi‘)ﬂerent 39.85+5248|  4.065 1.90 +0.70 - 2.50 2.80 = 2.80
dark brown 10.175 33+1.5 32 - 5.2 5.5+52
brown 5.55 2.64+£0.92 3.086 - - 3.8+3.9
light brown - 2.065 1.605 - - 1.84+29
light blond - 2.23 1.281 - - 1.8+£6.0

The data in Tables 2 and 3 were used to calibrate that ~ through the experimental points by the method of least
is to determine the relationship between attenuation  squares. The following formula was received:

and melanin concentration. The obtained dependence C =138+/x > (7)
is shown in Fig. 5. An approximate curve was drawn The concentration value C is measured in mg/g.
1]
Comgeg
o
L ]
| [ t ||; L1 b | )
ko’

Fig. 5. Calibration curve (relationship between melanin concentration in hair and light attenuation)

The accuracy of the obtained formula is little, due The proposed method of measuring hair parameters
to errors/deviations in the concentration values C in  allows you to find the diameter, scattering and absorp-
Tab. 3. Although the proposed method of relative  tion parameters, and color characteristics with the help
measurements of this value will give better results if ~ of a microscope with a digital nozzle. The main result
more accurate measurements of melanin concentration  of the study is the determination of the melanin content
by chemical methods are used. in the hair. We note that it cannot be used to determine
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the melanin content in milligrams per 1 gram of hair
mass — the value that is usually used in such measure-
ments. But when you calibrate the device that uses the
described method at one point, then this device can
be used for operational measurements and get results
quickly. In addition, the method has its drawbacks — it
is not absolute, but relative.

Conclusions. The possibility of using simple and
fast physical method of operative analysis of human
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