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Abstract 

Real-time mapping pigmentation in human skin is 
expected to give useful information for reproducing various 
skin colors and monitoring human conditions in real time. 
In this research, the maps of melanin, oxy-hemoglobin and 
deoxy-hemoglobin densities in skin are estimated and 
displayed in real time from digital video signals by using 
three pre-computed look up tables for color conversions. As 
the experiments to show the effectiveness of the proposed 
system, time dependent changes of pigmentation map in 
human hand are observed during the occlusion and release 
of middle finger, also during anaerobic by squat exercise. 
From the results of the experiments, human homeostasis for 
disturbance can be observed in real time. 

Introduction 

Mapping pigmentations such as oxy-hemoglobin and 
deoxy-hemoglobin in human skin is expected to give us 
helpful information about human condition and emotion. 
The obtained information will be used for skin diagnosis, 
skin color reproduction, measurement of human emotion[1, 
2]. We have already proposed the technique to extract 
qualitative information and spatial distribution of 
pigmentations from multi-channel visible spectral image[3, 
4, 5] by inverse optical scattering technique[1]. The Monte 
Carlo simulation of photon migration is used as forward 
model of optical scattering, and the forward model is 
iterated to perform the inverse optical scattering technique 
based on non-linear optimization method. This technique 
needs a long time to complete the process. However, a 
real-time processing is required in measuring changes of 
human condition and emotion. 

In this research, we introduce the technique of 
real-time mapping pigmentation in human skin by using 
three pre-computed look up tables for color conversions. 
The first table converts RGB values from digital video 
camera into three scores for three principal components. 
Wiener estimation is used to make the table between the 
RGB values and spectral reflectance which is analyzed into 
the three scores based on the pre-computed principal 

components. The second table converts the scores into 
pigmentation values by using inverse optical scattering 
technique. Since the values of scores effectively reflect the 
spectral variation of reflectance spectra, the second table is 
considered very effective to estimate the pigmentation 
values. It is noted this conversion from scores to 
pigmentations is originally proposed in this research. The 
third table converts the pigmentation values into RGB 
values to display on a monitor. The first and third tables are 
dependent on devices and environment, and the second 
table is independent. It is noted that the total process is 
constructed from the three tables to separate the device 
independent process and devices dependent process, 
because making the second tables takes about 10 days by 
Monte Carlo simulation of human skin model[6, 7, 8, 9] 
and so on. Two experiments are performed to show the 
effectiveness of our system with time dependent changes of 
pigmentation map in human hand. Pigmentations are 
observed during putting hand up and down, occlusion and 
release of middle finger, and anaerobic by squat exercise. 

Real-time spectral imaging system 

Figure 1 shows the schematic diagram of the proposed 
real-time spectral imaging system. The real-time imaging 
system consists of halogen-light source (Luminar Ace 
LA-150UE, Korin Electronic Co. Ltd) and a digital video 
camera (DFW-VL500, SONY). Light from light source is  

Fig.1 System configuration. 



 

 

Fig.2   Overview of the proposed system. 

                                                     

Fig.3   The flow of real-time estimation for pigmentations. 

diffused by integrating sphere of 120 cm diameter. The 
object such as human hand is illuminated by the diffused 
light. Digital video camera captures images of the 
illuminated objects and transfers the images to personal 
computer in real time. We use IEEE1394(i-link) format to 
transfer the image data. In the personal computer, the 
pigmentation values are estimated from the RGB data and 
displayed in real time. We can control digital video camera 
by the personal computer. 

Real-time estimation of pigmentation 

The flow of real-time estimation 
Figure 3 shows the flow of the proposed real-time 

estimation. At first, RGB values captured by digital video 
camera are converted into the scores for principle 
components by the first look up table that is named 
principle component table. The scores are converted into 
pigmentation values by the second table that is named 
pigmentation table. Finally, the pigmentation values are 
converted into RGB values to display on a monitor by the 
third table that is named color visualization table. The 
principle component and conversion tables are dependent 
on devices and environment, and the pigmentation table is 
independent. The principle table must be reconstructed at 
every devices and environment. In the case of pigmentation 
table, however, the table made once can be used generally. 
The pigmentation table needs a long time to be constructed 
because Monte Carlo simulation is used in inverse optical 
scattering technique. In our case, it took about 10 days to 
make the pigmentation table by Pentium 3 600MHz. It is 
noted that the total process is constructed from the three 
tables to separate the device independent process and 
device dependent process to reduced the dependency on the 
hardware. Since the values of scores effectively reflect the 
spectral variation of reflectance spectra used for principal 
component analysis, the second table is considered very 
effective to estimate the pigmentation values compared to 
the method which uses the narrow band energies. The color 
visualization table can be adaptive to the various purposes 
such as enhancement, expansion, conversion of hue and so 
on. The RGB values given by color visualization table are 
displayed on the monitor to show the images of the 
pigmentation maps. 

Principle component table 
The principle component table converts RGB values 

from digital video camera into the scores for principle 
components in human skin. Equation (1) shows the 
conversion performed in this table. 
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Fig.4  Three ways to extract pigmentations 

 from multi-band  image. 

Fig.5  Principal vector covers large range of the distribution. 

where  s  denotes vector of RGB values, a is the average 
vector of spectral reflectance in human skin,  V is a matrix 
of basis vectors for principle components in human skin. W 
is a Wiener estimation matrix for RGB values to spectral 
reflectance. c is the scores vector for principal components. 
This equation is used for all combinations of R,G,B values. 
The size of the table is 256× 256× 256 elements for the 
combinations of R, G and B. The table converts each R,G,B 
values into the each score vector for principal components. 
The values of scores are quantized by 128 levels between 
the minimum and maximum values in human skin. 

Pigmentation table 
The pigmentation table converts the scores into 

pigmentation values. The size of table is 128× 128× 128 
elements for the scores c1, c2 and c3 which corresponds to 
the first, second, and third principal components, 
respectively. The values of the pigmentation are quantized 
by 256 levels between the minimum and maximum values 
in human skin. At first, an inverse table from pigmentation 
values to scores are made by Monte Carlo simulation of 

optical scattering, where scores for principle components 
are calculated from every spectral reflectance. The size of 
the inverse table is 31× 31× 21 for all combinations of 
melanin, hemoglobin, oxygenated saturation. The required 
table from scores to pigmentation table is made by 
rearranging the inverse table with the linear interpolation.  

Scores for principal components v.s. narrow bands 
 There are three ways to extract pigmentation values 
from multi-band image (Figure 4). In the first method, 
images are captured with narrow band filters. This method 
cannot get enough power of light and is sensitive to noise 
and other errors. The second and third methods, images are 
captured with broad band filters such as R,G,B filters, and 
spectral reflectance are estimated. In the second method, 
effective narrow band powers are extracted from the 
estimated spectral reflectance. In third method, obtained 
spectral reflectance are projected on principal component 
vector. Both of the score for principal component and 
effective narrow band extract the pigmentation values. 
However, the scores for principal components cover large 
range of the distribution as shown in Figure 5. Therefore, it 
is advantageous to dynamic range. The scores for effective 
narrow band are more sensitive to the errors than the those 
of the principal component. 

Experiments 

Mapping pigmentation in occlusion and release of 
middle finger 

As the experiment to show effectiveness of the 
proposed system, occlusion and release of middle finger 
was observed by the system. A root of middle finger was 
bound tightly with a string. After 20 seconds later, the 
string was cut over observation. Figure 6, 7 and 8 show the 
results of the experiment. During the occlusion, 
hemoglobin density did not change, however, the 
oxygenated saturation was decreased because oxygen is 
necessary for the middle finger. After the string was cut, 
both hemoglobin density and oxygenated saturation 
increased by afflux of arterial. Finally, amount of 
pigmentations returned to equation of supply and demand. 

Mapping pigmentation in anaerobic 
Figure 9, 10 and 11 show the change of pigmentation 

maps during anaerobic. We did squat exercise for 180 
seconds as an anaerobic. The oxygenated saturation began 
to decrease as soon as squat exercise was started, however, 
hemoglobin density was increased gradually because the 
exercise stimulated the circulation of blood. After 90 
seconds, the oxygenated saturation began to recover with 
increase of hemoglobin density. Melanin density did not 
change at all during the experiment. 
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Fig.6    Maps of hemoglobin density in occlusion and release. 
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Fig.7   Maps of oxygenated saturation in occlusion and release. 
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Fig.8   Maps of oxygenated saturation in occlusion and release. 
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Fig.9   Maps of hemoglobin density in anaerobic. 
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Fig.10  Maps of oxygenated saturation in anaerobic. 
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Fig.11  Maps of melanin density in anaerobic. 

 

 

Conclusion 

The maps of pigmentations in human skin are 
estimated from digital video camera by using the inverse 
optical scattering technique in real time. We used an 
integrating sphere to resolve the problem of inhomogeneous 
illumination. The results of our experiments showed human 
homeostasis can be observed with our system, and the 
real-time map will give useful information in reproducing 
various skin colors and diagnosing human skin. 
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