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Estimating Skin Pigments from Reflectance 
(modified from a Prof. Tsumura’s presentation)

.

Wavelength

R
e

fl
e

c
ta

n
c

e

Spectral Reflectance

Modify to 
Reduce Errors

Skin model 
•Depth 
•Scattering 
•Absorption

Measured

Estimated

Hemoglobin density 
Melanin density 
Oxygen density

Monte Carlo 
Simulation of  the 

Photon Propagation

Repeat 
until 

Convergence



?<1/@>-8 <>5:/5<81 #�� 1?@59-@10
>1281/@-:/1 /;9<;:1:@? B-8A1? >1281/@-:/1

Q M

M R )����+9-@>5D�/-8/A8-@5;:,

�9A/;?-� S M

,&$(%��-�$�������+� ����	#�!+&�&��#��
)�!(�'�$#��#�����'�!��$!$%�

�"���#����#�)�%&�'+�$���$ +$��%�&&�������

�?@59-@5;:�;2�$<1/@>-8�#1281/@-:/1

A?5:3�"5/@A>1?�%-71:�.E�-����-:0��-91>-



'5?A-85F-@5;:�;2�$75:��1@-.;85?9

Original Picture Melanin

Hemoglobin Oxigen Satularion



">;?<1/@�;2�">105/@5B1��105/5:1



�;8;>�">;.819?�5:��105/5:1��	�

�:�-�<4E?5/-8�1D-95:-@5;:��

21B1> :;>9-8 -:195-

(>;:3�/;8;>�>1<>;0A/@5;:�/-A?1?
C>;:3�05-3:;?5?�



�;8;>�">;.819?�5:��105/5:1��
�

�:�-�8-.;>-@;>E�1D-95:-@5;:��C1�:110��

M M M

M M

122;>@�@;�>1-/4�@41�>534@�/;8;>�-<<1->-:/1
�&$(%�����'���&(%)�+�*���



�;8;>�">;.819?�5:��105/5:1����

�:�95/>;?/;<5/�<-@4;8;3E��

�
5:@1:@5;:-88E�/4-:310�/;8;>?�/-A?1
;:8E�85@@81�05221>1:/1�5:�05-3:;?5?

�&$(%�����'���&(%)�+�*���



�;8;>�">;.819?�5:��105/5:1����

�:�9-/>;?/;<5/�<-@4;8;3E��

�
5:@1:@5;:-88E�/4-:310�/;8;>?�/-A?1
?1B1>1�05221>1:/1�5:�05-3:;?5?

�&$(%�����'���&(%)�+�*���



�;8;>�">;.819?�5:��105/5:1��
�

�:�01>9-@;8;3E��

05221>1:@�0535@-8�9105-�/-A?1
05221>1:@�/;8;>�-<<1->-:/1

�������	�	�	������'�!��$!$%��"���#���#�
�$"�����#��������



#1-8��;8;>��<<1->-:/1�"5/@A>1?

#1-8�/;8;>�-<<1->-:/�;2�?75:�/-:�.1��

	�1?@59-@10�A?5:3�-�/;99;:�0535@-8�
/-91>-�.1/-A?1�@41�@4>11�<>5:/5<-8�
/;9<;:1:@?�->1�?A225/51:@�@;�
-<<>;D59-@1�5@


�05?<8-E10�A?5:3�-�/;99;:�05?<8-E�C5@4�
<>1/5?1�/;8;>?�.1/-A?1�@41�@4>11�
<>59->E�/;8;>?�C588�>1<>;0A/1�9;?@�
/;8;>?�;2�?75:�C5@4�3;;0�-//A>-/E�



?<1/@>-8 <>5:/5<81 #�� 1?@59-@10
>1281/@-:/1 /;9<;:1:@? B-8A1? >1281/@-:/1

Q M

M R )����+9-@>5D�/-8/A8-@5;:,

�9A/;?-� S M

,&$(%��-�$�������+� ����	#�!+&�&��#��
)�!(�'�$#��#�����'�!��$!$%�

�"���#����#�)�%&�'+�$���$ +$��%�&&�������

�?@59-@5;:�;2�$<1/@>-8�#1281/@-:/1

A?5:3�"5/@A>1?�%-71:�.E�-����-:0��-91>-



?<1/@>-8 ?<1/@>-8 ?<1/@>A9�;2
>-05-:/1�;2 >1281/@-:/1 >1281/@10 #��
588A95:-@5;: ;2�-:�;.61/@ 8534@ B-8A1?

M

� ) J ��+5:@13>-@5;:,

M

�-8/A8-@5;:�;2��;8;>��<<1->-:/1

A:01>��5221>1:@��88A95:-@5;:



Spectral Radiance of  Varierious Illuminants



Real Color Appearance under Varierious Illuminants
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