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METHODOLOGY FOR DETERMINING CONCENTRATION OF THE TYPES

OF MELANIN PIGMENT IN THE SKIN

1. TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to a methodology of determining

the concentration of the types of melanin pigments, either eumelanin and

pheomelanin, in the skin wherein the process for such determination is n on

invasive and based on digital signal and image analysis of hyperspectral

sensing and multi-spectral data.

2. BACKGROUND OF THE INVENTION

Skin pigmentation disorders are conditions that cause the skin colour

to appear lighter or darker than normal. The principal determinant of skin

colour is the melanin pigment and variation in the amount and

distribution of melanin in the skin are the basis of the three principal skin

colours namely black, brown and white. Abnormality of melanin

production causes skin pigmentation disorders.

There are two main categories of skin pigmentation disorders namely

hypo-pigmentation and hyper-pigmentation. Hypo-pigmentation is the loss



of skin colour caused by melanin depletion whilst hyper-pigmentation is

the darkening of area of skin caused by increased melanin. Albinism and

vitiligo are examples of hypo-pigmentation and melasma and freckles are

examples of hyper-pigmentation. Hypo-pigmentation may be caused by

melanocyte production being impaired for instance in a serious accident

where most of the pigment producing layers of the upper skin would be

damaged. Melanocytes make melanin, the pigment that gives the skin its

color. If melanocytes production is impaired, so is the skin's ability to

produce darker skin tones. Hyper-pigmentation may be caused by sun

damage, inflamation or other skin injuries. Current treatment for hypo-

pigmentation is typically carried out by various methods such as photo-

chemotheraphy, topical corticosteroids, topical immuno-modulators,

synthetic vitamin D3 analogues, therapy and a plethora of surgical

techniques. Current treatment for hyper-pigmentation on the other hand is

by bleaching and photochemotheraphy. In order to alleviate health risks

associated to invasive treatments, tools for measuring melanin and other

pigment levels that have been introduced and developed to treat skin

pigmentation disorders have the tendency to be non-invasive in nature.

Amongst such non-invasive measurement tools are namely camera to

capture RGB image (Takiwaki et al 1994; Takiwaki et al 1998, Jung et al

2004); Chromameter to obtain colour data (P. Clarys et al 2001; Alaluf et al

2002, Nayan et al 2008), Derma spectrometer to obtain colour data (P.



Clarys et al 2001; Lieneke et a 2003), Multispectral camera to capture

multispectral image (Moncrieff et al 2002, Luadi et al 2006, Bushra J . 2008).

In the above non-invasive treatment, changes to the skin surface colour

as a response to treatment takes time. To assess the efficacy of different

treatment modalities of skin pigmentation disorder, a considerable time is

needed for skin surface colour to change. This is because the measurement

process (under Physician's Global Assessment [PGA] framework) only

refers to the visual conditions of the skin surface and does not assess the

conditions of the underlying skin layers and pigments. Moreover the PGA

protocol is not yet standardised.

Hence the delay caused by observing the changes to the skin surface

colour as a response to treatment is not an effective solution and a better

more effective method has to be researched upon. It has been known that

there are two types of melanin namely eumelanin and pheomelanin which

are important in the understanding of the underlying causes of skin

pigmentation disorders which would greatly facilitate analysis of

pigmentation disorder reliably. Eumelanin is found in people with dark

skin and gives a black or brown colour whilst pheomelanin is found in

people with light and dark skin and gives a red and yellow colour [Thody

A . J et al. 1991]. From the above literature, although there are many non

invasive tools for measuring skin pigments, there is currently no validated



in vivo method that is non-ionising and non-invasive to accurately measure

melanin types and quantities to be used in assessing severity of skin

pigmentation disorder and treatment efficacies. There is presently no

known methods and devices to classify and determine the types of melanin

namely eumelanin and pheomelanin save for the biochemical method [A. J.

Thody et al 1991; Ito 2003] which is unfortunately invasive in nature as skin

biopsy is conducted for chemical analysis of skin samples. This biochemical

method is able to classify and measure the types of melanin (eumelanin and

pheomelanin) which is important in understanding the underlying causes

of skin pigmentation disorder but being invasive in nature would carry

with it certain health risks or perhaps discomfort, no matter how minor the

treatment is.

The tools for measuring melanin and other pigment levels enables

quantification of the level of the melanin pigment types in the skin but it

would not be of assistance in analysing the severity of skin pigmentation

disorder. For this reason skin pigmentation models are developed not only

to give a detailed understanding on the role of melanin pigment types in

human skin but also to develop an objective method for the classification of

melanin pigment types in human skin. Present skin pigmentation models

for analysing skin have revolved around analysing the skin dermis solely;

the skin dermis together with epidermis; the skin dermis together with the



epidermis and skin pigment (melanin); the skin dermis, together with

epidermis and skin pigment (melanin and other pigments). Skin

pigmentation models for analysing the skin dermis solely are the Empirical

(Kulbelka Munk) model disclosed by Anderson et al 1981 and the

Simulated (Monte Carlo) model by Prahl et al 1989. Skin pigmentation

models for analysing the skin dermis together with epidermis are the

Empirical (Kulbelka Munk) model disclosed by, Wan et al 1981 and Diffey

et al 1983 and the Simulated (Monte Carlo) model by Wang et al 1995. Skin

pigmentation models for analysing the skin dermis together with epidermis

and skin pigment (melanin) are the Empirical (Kulbelka Munk) model

disclosed by Cotton et al 1996, Cotton et al 1997. Skin pigmentation models

for analysing the skin dermis together with epidermis and skin pigment

(melanin and other pigments) are the Empirical (Kulbelka Munk) model as

disclosed by Do et al 2003; the Simulated (Monte Carlo) model disclosed by

Tsumura et al 2000, Meglinsky et al 2001, Shimada et al 2003 and

Meglinsky et al 2007; and the Statistical (ICA) model by Tsumura et al

1999, Tsumura et al 2004 and Fadzil et al 2009. However to date there are

no new skin pigmentation models that can analyse skin dermis epidermis

as well as the melanin pigment types namely eumelanin and pheomelanin

which as is known is vital in providing valuable information on the

condition of skin enabling reliable analysis on the severity of skin

pigmentation disorder for proper and expedited treatment.



It would hence be extremely advantageous if the above shortcoming is

alleviated by having a non-invasive method for determining the level of the

melanin types namely eumelanin and pheomelanin in order to facilitate the

developing of human skin pigmentation computation model using digital

signal and image analysis of hyperspectral sensing and multispectral data.

SUMMARY OF THE INVENTION

Accordingly, it is the primary aim of the present invention to provide a

method for determining the concentration of the types of melanin pigment in

the skin that is non-invasive;

It is yet another object of the present invention to provide a method for

determining the concentration of the types of melanin pigment in the skin

that enables reliable analysis of the severity of skin pigmentation disorder;

It is yet another object of the present invention to provide a method for

determining the concentration of the types of melanin pigment in the skin

which is non-ionising.

It is a further object of the present invention to provide a method for

determining the concentration of the types of melanin pigment in the skin

enabling the development of a skin pigmentation model that is capable of



giving a detailed understanding on the role of melanin pigment types in

human skin.

Yet another object of the present invention is to provide a method for

determining the concentration of the types of melanin pigment in human skin

enabling the development of a skin pigmentation model that is capable of

facilitating development of an objective method for the classification of

melanin pigment types in human skin.

Yet a further object of the present invention is to provide a method for

determining the concentration of the types of melanin pigment in human

skin capable of developing a human skin pigmentation computation model

using digital signal and image analysis of hyperspectral sensing and

multispectral data.

Other and further objects of the invention will become apparent with an

understanding of the following detailed description of the invention or upon

employment of the invention in practice.

According to a preferred method of the present invention there is

provided,

Methodology for determining the concentration of melanin pigment in

human skin comprising steps of,



measuring actual spectral reflectance (12) of skin (10) using a visible light

intensity sensing device (2) and recording this multi-spectral data using a

recording device (8) for retrieval when required;

selecting initial concentration of a type of melanin pigment and recording

simulated spectral reflectance (18) using Monte Carlo simulation;

comparing and measuring the difference between data collected from the

said visible light intensity sensing device (2) and data simulated from the Monte

Carlo simulation;

determining the difference between the two sets of data;

estimating the concentration of a selected type of melanin pigment if the

difference is smaller than an acceptable level;

altering the concentration of the selected type of melanin pigment and

repeating the process from the spectral reflectance (18) using Monte Carlo

simulation if the difference is larger than an acceptable level;

repeating the process until the difference is smaller than an acceptable

level and then estimating the concentration of a selected type of melanin

pigment.



BRIEF DESCRIPTION OF THE DRAWINGS

Other aspect of the present invention and their advantages will be

discerned after studying the Detailed Description in conjunction with the

accompanying drawings in which:

FIG. 1 is a schematic view of a visible light intensity sensing device

employed in the present invention for measuring actual spectral reflectance.

FIG. 2 is a schematic cross sectional view through a layer of skin

illustrating the structure of the skin and the interaction of that structure

with incident light.

FIG. 3 illustrates a diagrammatic view of the electromagnetic spectrum

showing the wavelengths of light together.

FIGS. 4-A to 4-C show graphic representations of skin absorption profile

of different chromophores.

FIG. 5 shows a Monte Carlo Simulation of Light -Skin Interaction Model to

simulate reflectance.

FIG. 6 shows a flow chart of the Monte Carlo Simulation of Light-Skin

Interaction.



FIG. 7 is a flow chart of an inverse model for analysis of skin of the present

invention.

DETAILED DESCRIPTION O F THE DRAWINGS

Throughout this document, unless otherwise indicated to the contrary,

the terms "comprising", "consisting of" and the like are to be construed as

non-exhaustive, or in other words, as meaning "including, but not limited

to".

In the following detailed description, numerous specific details are set

forth in order to provide a thorough understanding of the invention.

However, it will be understood by those or ordinary skill in the art that the

invention may be practised without these specific details. In other instances,

well known methods, procedures and/ or components have not been

described in detail so as not to obscure the invention.

The invention will be more clearly understood from the following

description of the embodiments thereof, given by way of example only with

reference to the accompanying drawings which are not drawn to scale.

Referring to Figure 1, there is shown a visible light intensity sensing

device (2) employed in the present invention for measuring actual spectral

reflectance (12) of skin when visible light falls on it. The visible light intensity



sensing device (2) comprises at least a light source generating wavelengths

of the electromagnetic spectrum for visible light (4), an adjustable aperture

(6) and at least a recording device (8). The visible light intensity sensing

device (2) may be a multispectral camera. Preferably the aperture is 7

millimetres in size but it is to be understood that other sizes are applicable

as what is advantageous is the aperture assists to focus the light on a

medium of study that is a particular area of the skin. The adjustable

aperture (6) is placed between the human skin (10) and visible light (4).

Prior to explaining further, the physical structure of the skin (10) and

interaction of the skin (10) with light will be described briefly. The visible

light intensity sensing device (2) may alternatively be a spectrophometer (not

shown). Referring now to FIG. 2, there is shown a schematic cross sectional

view through layers of skin (10) illustrating the structure of the skin and the

interaction of that structure with incident light. As shown in FIG. 2, the skin

(10) is a layered structure comprising four layers namely the stratum

corneum (10A), the epidermis (10B), the dermis (IOC) and the hypodermisy

(10D). When visible light (4) from the earth's electromagnetic spectrum or as

generated passes through the apertured plate (6) and falls on a human skin

surface at an angle, the following incidents occur, it can either be absorbed

(and scattered) or reflected as illustrated in FIG. 2. Referring to FIG. 3, there

is illustrated a diagrammatic view of the earth's electromagnetic spectrum

showing the wavelengths of light together. Visible light (4) is light that is



visible to and can be detected by the human eyes and comprises the portion

of electromagnetic radiation that lies near the middle of the spectrum from

violet at about 380 nanometres (nm) to deep red at about 750nm [lnm =10-

9m]. The entire spectrum illustrated in FIG. 3 measures the wavelengths of

different types of electromagnetic radiation. Electromagnetic radiation is

energy comprising small particles which scientists call photons having

packs of energy moving in a wave pattern. Scattering is defined as any

process in which the propagation of light is altered from its original angle.

Absorption is the loss of light photon when its energy is invested in

transition within an atom or molecule. A proportion of the visible light (4) is

immediately reflected by the stratum corneum (10A) as actual reflected light

and a proportion of light that is not immediately reflected does pass

through the stratum corneum (10A) region and proceeds to interact with the

constituents of the skin, namely the stratum corneum (10A), epidermis (10B)

and the dermis (IOC). In visible light (4) absorption of light photons is by

the chromophores. Chromophore is that part of the molecule that is

responsible for colour. The stratum corneum (10A) is of a thickness ranging

from 0.01 to 0.03 millimetres (mm) and as light passes through it, the

chromophore responsible for propagating and absorbing light is beta

carotene. The epidermis (10B) is of a thickness ranging from 0.05 to 0.1mm

and as light passes through it, the chromophore responsible for propagating

and absorbing light is melanin and beta carotene. The dermis (IOC) is much



thicker and its thickness ranges from 0.6mm to 3mm and as light passes

through it, the chromophore responsible for propagating and absorbing

light is haemoglobin, bilirubin and beta carotene. The hypodermis is of a

thickness up to 30 mm and there are no chromophores present in the

hypodermis but the white fat reflects most of the visible light (4) [Meglinsky,

2002]. Below is a table illustrating the type of chromophore that is

responsible for absorbing light at various region of the skin layer:-

Each chromophore has different molar absorptive characteristics.

Referring now to FIGS. 4-A to 4-C, there are shown graphic representations

of skin absorption profile of different chromophores. For example maximum

molar absorptivity for melanin types namely eumelanin and pheomelanin is

as shown in FIG. 4-A at the lowest wavelength of the spectrum, for deoxy-

haemogloblin the maximum molar absorptivity is as shown in FIG. 4-B at

the wavelengths of about 430nm and for deoxy-haemogloblin at the

wavelengths of about 430nm of the spectrum (please confirm this is correct);

for beta-carotene, the maximum molar absorptivity is as shown in FIG. 4-C

at the wavelength of about 450 nm of the spectrum and for bilirubin the



maximum molar absorptivity is as shown in FIG. 4-C at the wavelength of

about 455nm of the spectrum.

Some light is also remitted after interacting with the chromophores

present in the epidermis (10B) and dermis (IOC) and the actual remitted

ht from the epidermis (10B) and dermis (IOC) is also called actual

epidermal remittance (12B) and actual dermal remittance (12C) respectively.

The outward appearance of the skin (10) can therefore be considered a

mixture of the actual reflected light (1 A) namely light that is immediately

reflected upon reaching the human skin surface (10), the actual epidermal

remittance (12B) and actual dermal remittance (12C) of light (the three types

of light (12A) (12B) (12C) described hereof are hereinafter collectively called

"the actual spectral reflectance" and indicated generally by the reference

numeral (12). Each layer of skin (10) has different scattering co-efficient (µ

and absorption coefficient (µ ) . Scattering and absorption coefficient are

defined as function of light wavelength and skin chromophores. As the

actual spectral reflectance (12) is affected by skin absorption coefficient (µ¾)

and the skin absorption coefficient (µ is wavelength dependant and is a

function of skin chromophores, the actual spectral reflectance (12) can be

recorded by the recording device (8) as multi-spectral data for analysis to

collect baseline data on skin optical properties. This data collected from

different coloured tone people and from different parts of the body can be



used as the basis for comparison with simulated spectral reflectance (18)

[which will be described below] for estimating the level of the type of

melanin pigment present in the human skin (10) particularly the eumelanin

and pheomelanin.

Referring to FIG 5, there is shown a Monte Carlo Simulation of Light-Skin

Interaction Model simulates reflectance. Monte Carlo Simulations are a class

of computational algorithms that rely on repeated random sampling to

compute their results. Monte Carlo methods are often used in simulating

physical and mathematical systems. These methods are most suited to

calculation by a computer and tend to be used when it is infeasible to

compute an exact result with a deterministic algorithm. This method is also

used to complement the theoretical derivations. By knowing the contribution

of eumelanin and pheomelanin to the skin absorption coefficient (µ¾) and

together with scattering coefficients ( s ) and skin thickness, an accurate

model of light interaction with skin tissue can be developed. . 5, the

path (14) of a photon (16) is simulated when it interacts with the human skin

(10). Step size is defined as a variable between photon (16) position and

equals 1η (ξ)/( µ¾ + µ ) where is a random number and Ά and µ are

absorption and scattering coefficients. For example the step size, for the

light-stratum corneum (10A) interaction is calculated as 1η (ξ)/( µ¾ + µ ); the

step size for light-epidermis (10B) interaction is calculated as Γη (ξ)/ 2 + s



and the step size light-dermis (IOC) interaction is calculated as 1η(ξ)/ ( ¾3 +

µ ). The weight (W) of photon (16) is decreased from an initial value of 1 as

it moves through the skin layers, and equals an after n number of steps,

where is the albedo (fl = µ / + µ )]· The value of g which is the

anisotrophy factor of scattering is used to decide an angle deflection. When

the photon (16) strikes the skin surface, a fraction of the photon (16) weight

escapes as reflectance and the remaining weight is internally reflected and

continues to propagate. The ratio between the sum of weights that escapes

from the surface and the sum of initial weights used in the simulation gives

the diffused reflectance or simulated reflectance (18).

FIG. 6 shows a flow chart of the Monte Carlo Simulation of Light-Skin

Interaction. This simulation of photon transport (light transport) in multi-

layered tissue is performed using Monte Carlo simulation first developed by

Prahl and Wang [Wang 1995]. The first step indicated by the reference

numeral (20) is the initialisation step to launch a photon (16) from a photon

discharging port towards skin (10). The second step indicated by the

reference numeral (22) is to ascertain whether the photon (16) is in the skin or

not. If the photon (16) is not in the skin, it is assumed that the photon is in the

air or on the skin surface. Therefore the photon is transmitted or reflected If

the photon (16) is in the skin then the third step indicated by the reference

numeral (24), is triggered to generate step-size for each layer of the skin. The



formula for generating step size is as stated above that is 1η(ξ)/( µ¾ + µ )

where ξ is a random number and µ3 and µ are absorption and scattering

coefficients. Then a predetermined algorithm will check whether the photon

(16) is on the boundary between skin layers or not as illustrated in the

fourth step indicated by the reference numeral (26). If the photon is not on

the boundary as shown in the first sub-step indicated by reference numeral

(28), the position of the photon (16) is changed as shown in the step

indicated by reference numeral (28A) achieved by updating the photon

weight as illustrated by reference numeral (29A) and updating the photon

direction as illustrated in reference numeral (29B). If the photon (16) is on

the boundary as illustrated in second sub-step indicated by reference

numeral (30), the photon (16) is transmitted or reflected as indicated in the

step illustrated by reference numeral (30A). The fifth step indicated by

reference numeral 32 is to test whether the weight of the photon (16) is too

small or not. If the weight is not too small then it will be directed to the

second step (22) where the processes from the second step (22) will be

repeated. If the weight is too small, a termination process called roulette is

performed. In the roulette, if the photon (16) does not survive, the process

will end if it is the last photon (16) as illustrated in the sixth step indicated

by reference numeral (34). If the photon survives, it will be back to the

second step where the processes from the second step (22) are repeated.



Referring to FIG. 7 there is shown a flow chart of an inverse model for

estimating the concentration of the type of melanin pigment, either

eumelanin or pheomelaninin in the skin (10). In FIG. 7, the first inverse

model step indicated by the reference numeral (40) is to measure actual

spectral reflectance (12) of skin (10) using visible light intensity sensing

device (2) which may be a spectrophotometer or a multispectral camera and

recording the multi-spectral data in a recording device (8) for retrieval when

required [This is similar to the steps illustrated in FIG. 1 for multispectral

camera]. The second inverse model step indicated by the reference numeral

(42) involves the primary sub-step (42A) of selecting initial concentration of

the type of melanin pigment, either eumelanin and pheomelanin

concentration and the secondary sub-step (42B) to simulate and record

spectral reflectance (18) using the Monte Carlo simulation of Light-Skin

interaction [This is similar to the steps in FIG. 5]. The simulation employs

known equation that is

SR=f(ua stratum(l),u a epidermis(l),u a dermis(l),u s (l),d) where,

SF is simulated reflectance;

ua stratum(l) is absorption coefficient of the stratum corneum;

u dermis(l) is absorption coefficient of the epidermis;

us (l) is the scattering coefficient

d is the thickness of skin layers



1is the wavelength of the light spectrum

The third inverse model step indicated by the reference numeral (44)

compares and measures the difference between data on actual spectral

reflectance (12) collected from the visible light intensity sensing device (2)

which may be a spectrophometer or the multispecral camera and data

simulated from the said Monte Carlo simulation. The fourth inverse model

step indicated by the reference numeral (46) is to determine the difference

from the said comparison. If the difference is smaller than an acceptable level,

then the concentration of the type of melanin pigment, either eumelanin or

pheomelanin will be estimated in the fifth inverse model step indicated by

the reference numeral (48). If on the other hand the difference is larger than

an acceptable level, then the concentration of the eumelanin or pheomelanin

is altered in the sub-step indicated by the reference numeral (46A) and sent to

undergo the whole process starting from the second inverse model step

(42),that is from the Monte Carlo simulation stage. This process is repeated

until the difference obtained is smaller than an acceptable level whereupon

the concentration of the types of melanin pigment, either eumelanin and

pheomelanin will then be estimated.

A skin pigmentation computer model can then be developed based on

analysis of types of melanin (eumelanin orpheomelanin) of baseline data. The

analyses of the types of melanin pigment either eumelanin and pheomelanin



(skin pigmentation anaylsis) is performed based on the developed skin

pigmentation computer model.

While the preferred embodiment of the present invention and its

advantages has been disclosed in the above Detailed Description, the

invention is not limited thereto but only by the scope of the appended claim.



WHAT IS CLAIMED IS:

1. Methodology for determining the concentration of melanin pigment in

human skin comprising steps of,

measuring actual spectral reflectance (12) of skin (10) using a visible light

intensity sensing device (2) and recording this multi-spectral data using a

recording device (8) for retrieval when required;

selecting the initial concentration of a type of melanin pigment and

recording simulated spectral reflectance (18) using Monte Carlo simulation;

comparing and measuring the difference between data collected from the

visible light intensity sensing device (2) and data simulated from the Monte

Carlo simulation

determining the difference between the two sets of data;

estimating the concentration of the melanin pigment if the difference is

smaller than an acceptable level;

altering the concentration of a selected type of melanin pigment and

repeating the process from the spectral reflectance (18) using Monte Carlo

simulation if the difference is larger than an acceptable level;



repeating the process until the difference is smaller than an acceptable

level and then estimating the level of a selected type of melanin pigment.

2. Methodology for determining the concentration of melanin pigment in

human skin as in Claim 1 wherein the visible light intensity sensing device (2) is

a spectrophometer.

3. Methodology for determining the concentration of melanin pigment in

human skin as in Claim 1 wherein the visible light intensity sensing device (2) is

a multispectral camera.

4. Methodology for determining the concentration of melanin pigment in

human skin as in Claim 1 wherein the types of melanin pigment applicable are

eumelanin or pheomelanin.

5. Methodology for determining the concentration of melanin pigment in

human skin as in Claim 1 wherein the said method is non-invasive.

6. Methodology for determining the concentration of melanin pigment in

human skin as in Claim 1 wherein the said method is in-vivo.
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