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Thin skin (hairy)

= SKin properties:

Hair shaft
Opening of sweat duct

Epidermis-[

Superficial
arteriovenous
plexus

Dermal papillae

® The largest organ of human body

Meissner's Arrector pili muscle

corpuscle

o Multi_layered translucent tissue . Reticular dermis

Dermis
1

Sebaceous Gland

Sweat duct
® Skin appearance t, Skin diseases i ...

Hair follicle
Eccrine sweat duct

Dermal nerve fibres :
Eccrine sweat gland

Eccrine sweat gland
Pacinian corpuscle




Context and Objectives

= Hyperspectral Imaging Technique:

® High resolution: 1~10 nm interval

® Ability to extract the inner information from biological materials

® Widely used in agriculture, chemical imaging, etc.
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= Applications:

® Non-invasively Determination of Skin components: melanin, blood concentration

® Skin and Non-Skin Detection

® Quantification and diagnosis of skin diseases ;
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== Extraction of Skin Components based on Hyperspectral Reflectance:

-
TABLE I
DEFINTION AND RANGE OF SKIN BIOLOGICAL PARAMETERS
Layers Biological parameters Range o eflectance
Epidermis  Pj: melanin volume fraction 1.3-43% 90008
P»: water volume fraction 10-20% 80.00%
P3: melanin blend 4.9-36% 70.00%
th1: thickness 0.027-0.15mm y oo
Dermis P, blood volume fraction 0.2-7% % 50.00%
Ps: oxygen saturation 50-95% % o
Pg: water volume fraction 40-90% i 0008
tho: thickness 0.6-3mm oo
Subcutis Px: fat volume fraction 40-70% 1::::
Pg: blood volume fraction 5-20% Ty we o ome o mm m
Py: water volume fraction 40-90% X
Ps: oxygen saturation 50-95%
thg: thickness 1-5mm
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== Extraction of Skin Components based on Hyperspectral Reflectance:

® Light-Skin interaction: Monte Carlo (Gold Standard Method), Diffusion
Approximation, Kubelka-Munk Theory, etc.
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= Extraction of Skin Components based on Hyperspectral Reflectance:

Method-Monte Carlo

Incident photon :
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== Extraction of Skin Components based on Hyperspectral Reflectance:

® Modeling using both 2-layered skin and 3-layered skin model with neural networks
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== KFast Determination of Melanin based on Skin Hyperspectral Reflectance Analysis

select: wavelength A
® Melanin is the most important pigment within skin - = ,
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== KFast Determination of Melanin based on Skin Hyperspectral Reflectance Analysis

® Lightly pigmented skin

TABLE 1I
MELANIN[%] DETERMINATION RESULTS OF OUR DIRECT METHODS FOR LIGHTLY PIGMENTED SKIN TYPE

Samples 1no.l no.2 no.3 nod4 no5 no6 no7 no8 no9 no.l10
Target 251 202 176 185 226 174 196 188 2.79 147
RF 198 208 163 233 165 104 265 131 311 1.63
INN 230 178 213 188 241 167 166 130 324 1.32
SVR 493 740 785 391 640 597 6.17 783 587 6.54
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== KFast Determination of Melanin based on Skin Hyperspectral Reflectance Analysis

® Moderately pigmented skin

TABLE III
MELANIN[% ] DETERMINATION RESULTS OF OUR DIRECT METHODS FOR MODERATELY PIGMENTED SKIN TYPE

Samples no.11 1no.12 no.13 no.l4 no.l5 no.l6 no.l7 no.l18 1no.19 1no.20
Target 15.63 1244 12.18 13.01 13.82 1348 11.24 1428 1445 1143
RF 1594 1156 1292 1249 12777 1493 1332 1424 13.61 12.80
INN 15.72 1259 1228 12.60 13.77 13.64 12.10 13.89 14.05 11.98
SVR 1545 1276 1230 11.77 1286 1330 1235 1596 13.66 9.82
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® Darkly pigmented skin

TABLE IV
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== KFast Determination of Melanin based on Skin Hyperspectral Reflectance Analysis

MELANIN|[%] DETERMINATION RESULTS OF OUR DIRECT METHODS FOR DARKLY PIGMENTED SKIN TYPE

Samples 1no.21 1no0.22 1no0.23 no.24 1no.25 no.26 no.27 1no0.28 1no0.29 no.30
Target 28.65 2449 3097 1979 36.19 39.78 27.24 2835 22.17 37.46
RF 28.86 2467 30.70 1950 35.68 2833 27.64 3253 23.00 38.62
INN 28.64 2401 30.73 19.28 36.14 33.88 27.02 3042 22.02 37.83
SVR 2737 2473 3098 1936 3648 3320 2843 32,11 22.02 38.24
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== Fast Determination of Melanin based on Skin Hyperspectral Reflectance Analysis

® Dimensionality reduction:
Low Variance Filter
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= Research steps

® Collecting hyperspectral skin images: there 1s no public hyperspectral skin images database so far

® Applying our skin detection method to more hyperspectral skin images

® Implementation of our fast melanin determination with the help of hyperspectral images

reconstruction from RGB images
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a= Curve fitting results from Skin (left) and Paper (right)
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Future Work

== Skin Detection using Images from CAVE
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