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Objective

In-vivo studies in dermatology and cosmetic 
science need to quantify skin color, erythema or 
pigmentation objectively and can be relevant for 
melanoma diagnostic. 

演示者
演示文稿备注
In-vivo studies in dermatology and cosmetic science need to quantify skin color, erythema or pigmentation objectively and can be relevant for melanoma diagnostic. Several indices have been derived from skin reflectance and from optical model of the skin. Another approach is to represent skin by a mixture of two main components, hemoglobin and melanin, which are predominantly found in the epidermal and the dermal layer. The main assumptions of this approach are :
the linearity between the quantities of melanin and hemoglobin and the observed color signals in the optical density domain.
melanin and hemoglobin are spatially independent
Under these assumptions, Tsumura uses blind source separation to get the quantities of each pigment in every skin pixel. It seems that the three densities of skin color are nearly distributed on the two dimensional plane spanned by the pure color vectors of melanin and hemoglobin. So, in a first step, RGB data are projected onto this plane by PCA. In this paper, we compare 4 different skin decompositions.
Skin decomposition in HSV color space 2
Skin decomposition using PCA (Principal Component Analysis)and ICA (Independent Component Analysis) in optical density domain (Tsumura 's method). One of the drawback of the method is that the image must be decomposed into small uniform patches.
Skin decomposition using ISOMAP and ICA
Skin decomposition using Surface fitting, flattening and ICA : because the PCA plane doesn't accurately describe the skin RBG data, these skin data are fitted on a 3D surface (second order polynomial). Skin Data are projected onto this 3D surface, and then are flattened onto a 2D plane. At least, we use fastICA on this plane. We observe some small differences between the different methods. We believe that the images correspond to distributions of melanin and hemoglobin, because the result of separation agreed well with physiological knowledge, such as freckles or pimples.
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Overview

Imaging based methods include:
 RGB imaging (digital color image)

 Absorbance spectra based method [H. Takiwaki, 2008]

 HSV color model based method [D. H. Kim, 2006]

 PCA and ICA based method [N. Tsumura, 1999]

 Multi-spectral imaging
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major advantage of the imaging methods is that they provide information about the distribution of pigment over imaged skin area
comprised of three broad band filtered images (red, green, blue)
acquisition of a multitude of images filtered at narrow wavelength bands
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Optics of human skin

Fig.1. Schematic model of imaging 
process of three layered model of skin
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As a beam of light approaches the skin surface, a small fraction of the incident light (about 4–6%) gets reflected away from the tissue because of the difference in the index of refraction between the air and the skin surface. Most of the incident light enters the first layers of the skin and follows a tortuous path until it exits back out of the skin or gets attenuated by skin chromophores. A chromophore is a molecule that absorbs electromagnetic energy with a characteristic efficiency given by the molecule’s extinction coefficient in a wavelength dependent manner. We will limit our discussion to the chromophores that absorb in the visible region of the electromagnetic spectrum.
when the scattering in a layer is extremely small, the transmittance of the layer obeys the Beer-Lambert law of radiation absorption (Beer Lambert law is applicable in the skin layer for incident light).
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Optics of human skin

Based on Beer-Lambert law, the absorbance      of 
this skin model at a wavelength     is expressed as

where      is the reflectance of the skin 
and       are coefficients depend on absorbance spectra 

of melanin and hemoglobin
and       represent respective amounts of melanin and 

hemoglobin
is apparent absorbance of the dermis

(1)

演示者
演示文稿备注
where Rl is the reflectance of the skin at l, Ml
and Hl are coefficients that depend on the absorbance
spectra of melanin and haemoglobin, respectively,
Cm and Ch represent the respective
amounts of melanin and haemoglobin in the
melanin and blood layers of this skin model,
and D is the apparent (pseudo) absorbance of
the dermis that is constant throughout the wavelength
of visible light.
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Optics of human skin

Fig. 2. Absorption spectra of melanin and hemoglobin and 
schematic conception of the erythema index (EI) and melanin 
index (MI) derived from images of the skin. 
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Takiwaki’s method based on absorbance 
spectra of multi-layered skin model

Assume two wavelength,      and     , equation (1) can be 
written as

In RGB color image,  
for EI, ‘green band’ for     , ‘red band’ for      then,

for MI, ‘red band’ for both     and     then,

(2)

(3)

(4)
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If l1 and l2 are selected so that M1M2 is
nearly zero or far smaller than H1H2, A1A2
will be a linear function of Ch, indicating that this
parameter is suitable for the erythema index (EI).
Similarly, if H1H2 is nearly zero or far smaller
than M1M2, then A1A2 will be suitable for
the MI. For EI, l1 is generally set at a wavelength
of 540–570 nm, where haemoglobin absorbs maximal
visible light, and l2 is at around 660 nm,
If l1 and l2 are selected so that M1M2 is
nearly zero or far smaller than H1H2, A1A2
will be a linear function of Ch, indicating that this
parameter is suitable for the erythema index (EI).
Similarly, if H1H2 is nearly zero or far smaller
than M1M2, then A1A2 will be suitable for
the MI. For EI, l1 is generally set at a wavelength
of 540–570 nm, where haemoglobin absorbs maximal
visible light, and l2 is at around 660 nm,
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Kim’s method based on HSV color space

Fig. 3. (a) User-selected sampling region. (b) Circular cross section,              , 
computed by averaging brightness values of the sample. (c) Sample colors 
projected along the direction,                 onto the circular cross section. 
Vector          ,        represent ‘melanin’ and ‘hemoglobin’ respectively. 
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Tsumura’s method based on PCA and ICA

Four assumptions as prerequisites:
 Lambert-Beer law holds is applicable in the skin 

layer for incident light
 spectral distribution of skin is not abrupt in sensitive 

spectral range of each channel in imaging system
 spatial variations of color in the skin are cause by 

two pigments: melanin and hemoglobin
 these quantities are mutually independent spatially
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Tsumura’s method based on PCA and ICA

Fig. 4. Flowchart of preprocessing and 
ICA for a skin color image

Fig. 5. Skin color model in the optical 
density domain
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New method based on Tsumura’s approach

• Normalized RGB color space

• Distribution in optical density domain
The distribution can be accurately described as 
a second order polynomial functions:
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New method based on Tsumura’s approach

Flattened 2D plane

演示者
演示文稿备注
instead of using PCA to extract a 2D plane from a 3D configuration, we use surface fitting tool to geodesic
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New method based on Tsumura’s approach

Point in the flatten 2D plane is a 
projection of Point in the 3D optical 
density space.
The coordinate transformation between                  
and             can be expressed as:
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Results and evaluation

RGB imaging based method are useful in quantification on the 
perception of skin color, however, they provide relative index 
values rather than a standard (absolute measurements).

To evaluate the decomposition performs, we can refer to pimple
and freckle as two physiological cues.

演示者
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Digital imaging is not only useful
for documentation of the skin condition but also for
quantification of relevant parameters. Digital image analysis
can be used to quantify what a dermatologist or a researcher
views with her/his eyes while evaluating changes in the skin.
it is not suitable for accurate erythema and pigmentation
measurements. Changes in hemoglobin or melanin concentration
can have an effect on all three indices (as well as in all
three channels).
the index values derived from digital images depended on the camera used as well as on the circumstantial conditions, such as the distance from objects and illumination.
Generally, pimple contain more hemoglobin  than melanin due to inflammation
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Results and evaluation

Pimples Freckles
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Results and evaluation

EI of Tsumura’s method EI of our method
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Results and evaluation

EI of Kim’s method EI of Takiwaki’s method
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Results and evaluation

MI of Tsumura’s 
method

MI of our method
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Results and evaluation

Pimples

Freckles

EI of Tsumura’s methodEI of our method
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Conclusion

Methods Advantages Disadvantages

Takiwaki’s method Ease of use;
Objective assessment of 
intensity of pigmentation

Limited information;
Possible artifacts

Kim’s method Relevant to color 
perception; Ease of use

Subjective results
Possible artifacts

Tsumura’s method two-dimensional 
information 

Small patches of ROIs only; 
Sensitive to shading effect

Our method Invariant to illumination 
variation; Less sensitive to 
noise and shading effect

Limited information;
Possible artifacts
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Perspective

Although we can approximate pigment quantity 
by using methods that rely on skin reflectance 
measured at a few selected wavelength bands, 
more accurate quantification can be achieved 
when we collect detailed spectral data. 
In the future, we will use multi-spectral imaging 
based method. 



gipsa-lab

THANK YOU!


	Decomposition of Skin Color Image
	Outline
	Objective
	Overview
	Optics of human skin
	Optics of human skin
	Optics of human skin
	Takiwaki’s method based on absorbance spectra of multi-layered skin model
	Kim’s method based on HSV color space
	Tsumura’s method based on PCA and ICA
	Tsumura’s method based on PCA and ICA
	New method based on Tsumura’s approach
	New method based on Tsumura’s approach
	New method based on Tsumura’s approach
	Results and evaluation
	Results and evaluation
	Results and evaluation
	Results and evaluation
	Results and evaluation
	Results and evaluation
	Conclusion
	Perspective
	幻灯片编号 23

