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Analysis of Skin Color Pigments from Camera RGB Signal
Using Skin Pigment Absorption Spectrum

Kim Jeong Yeop®

ABSTRACT

In this paper, a method to directly calculate the major elements of skin color such as melanin and hemoglobin from the RGB signal
of the camera is proposed. The main elements of skin color typically measure spectral reflectance using specific equipment, and reconfigure
the values at some wavelengths of the measured light. The values calculated by this method include such things as melanin index and
erythema index, and require special equipment such as a spectral reflectance measuring device or a multi-spectral camera. It is difficult
to find a direct calculation method for such component elements from a general digital camera, and a method of indirectly calculating
the concentration of melanin and hemoglobin using independent component analysis has been proposed. This method targets a region
of a certain RGB image, extracts characteristic vectors of melanin and hemoglobin, and calculates the concentration in a manner similar
to that of Principal Component Analysis. The disadvantage of this method is that it is difficult to directly calculate the pixel unit because
a group of pixels in a certain area is used as an input, and since the extracted feature vector is implemented by an optimization method,
it tends to be calculated with a different value each time it is executed. The final calculation is determined in the form of an image representing
the components of melanin and hemoglobin by converting it back to the RGB coordinate system without using the feature vector itself.
In order to improve the disadvantages of this method, the proposed method is to calculate the component values of melanin and hemoglobin
in a feature space rather than an RGB coordinate system using a feature vector, and calculate the spectral reflectance corresponding to
the skin color using a general digital camera. Methods and methods of calculating detailed components constituting skin pigments such
as melanin, oxidized hemoglobin, deoxidized hemoglobin, and carotenoid using spectral reflectance. The proposed method does not require
special equipment such as a spectral reflectance measuring device or a multi-spectral camera, and unlike the existing method, direct calculation
of the pixel unit is possible, and the same characteristics can be obtained even in repeated execution. The standard diviation of density
for melanin and hemoglobin of proposed method was 15% compared to conventional and therefore gives 6 times stable.
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‘ Input image ‘

‘ Manual sampling of skin area ‘

‘ RGB scale conversion: Linear — Log ‘
v
‘ Data centering & whitening ‘

v

‘ Set initial weight values ‘

ve

‘ Calc. of two axis by SVD ‘

v

‘ Apply weights to pixel values ‘

‘ Update weights by approx. error ‘
Change in weights ?

‘ Inverse transform & output images ‘

Fig. 1. The Algorithm Flowchart of Conventional Method
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‘ Input skin reflectance ‘

v

‘ Convert skin reflectance to absorption ‘

v

‘ Set illuminant information ‘

v

‘ Calculate melanin absorption ‘

v

‘ Calculate oxy-hemoglobin absorption ‘

v

‘ Calculate deoxy-hemoglobin absorption ‘

v

‘ Calculate carotenoid absorption ‘

i

‘ Output pigment information ‘

Fig. 2. The Algorithm Flow of Proposed Calculation
of Skin Pigments from Skin Reflectance
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Table 1. Color Absorption for Sample Skin Spectra
with 7 llluminant

Component | Illu. #2 #6 #8 #9 #10
HRZ | 5.43| 6.01 5.81 5.68| 5.58
HAL | 16.20| 17.86| 17.31| 16.92| 16.62
INC 11.95| 13.19| 12.77| 12.49| 12.26
Melanin | CLW | 3.04 3.33 3.24 3.17 3.12
D50 | 41.10| 44.92| 43.76| 42.81| 42.07
D65 | 49.41| 53.79| 52.51| 51.39| 50.52
D75 | 53.12| 57.74| 56.42| 55.21| 54.29
HRZ 1.63 1.81 1.75 1.71 1.68
HAL 545 6.00| 582 569 559
INC 3.89| 4.29] 4.15| 4.06| 3.99
h o erw | 114|125 122] 119 117
emoglobin
D50 | 17.36| 18.95| 18.48| 18.07| 17.76
D65 | 23.11| 25.12| 24.55| 24.02| 23.61
D75 | 25.83| 28.05| 27.43| 26.84| 26.39
HRZ 1.90 2.10 2.04 1.99 1.95
HAL | 6.68| 7.35| 7.14| 698| 6.85
INC 4.68 5.16 5.00 4.89 4.80
hDeOXY" CLW | 212 231 225 221| 217
emoglobin
D50 | 27.26| 29.70| 28.99| 28.35| 27.87
D65 | 39.02| 42.36| 41.43| 40.53| 39.85
D75 | 44.92| 48.70| 47.66| 46.63| 45.86
HRZ 0.84 0.92 0.89 0.87 0.86
HAL 4.22 4.63 4.50 4.40 4.32
INC 2.73 3.00 2.91 2.85 2.80
Carotenoid | CLW 1.40 1.52 1.49 1.46 1.43
D50 | 24.73| 26.87| 26.27| 25.69| 25.25
D65 | 35.87| 38.88| 38.07| 37.24| 36.62
D75 | 41.62| 45.06| 44.14| 43.18| 42.47
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’ Input sample image & sampling skin block‘

’ Calculate average RGB value for skin block‘

v

’ Calculate measured spectrum for skin block ‘

v

’ Find absorption spectrum for skin block ‘

v

’ Calculate melanin absorption ‘

v

’ Calculate oxy-hemoglobin absorption ‘

v

’ Calculate deoxy-hemoglobin absorption ‘

1

’ Calculate carotenoid absorption ‘

Fig. 7. The Algorithm Flow of Proposed Calculation
of Skin Pigments from RGB Images
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Fig. 8. The Sample Input Image and Sampled Skin Image Blocks

(a) Sample Face Image, (b) Selected Sample Skin Block Image
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(b
Fig. 9. The Sample Output Images and Enhanced Images

(a) Conventional Hemoglobin, (b) Conventional Melanin, (c)
Proposed Hemoglobin, (d) Proposed Melanin Output. (e) Enhanced
Image of (a), (f) Enhanced Image of (b), (g) Enhanced Image of
(c), (h) Enhanced Image of (d).
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Table 2. The Absorption Amount for HRZ lllumination

No. Melanin | Oxy-hemo | Deoxy-hemo | Carotenoid
#01 5.950 1.786 2.080 0.908
#02 5.755 1.728 2.012 0.879
#03 5.578 1.675 1.951 0.852
#04 5.711 1.715 1.997 0.872
#05 6.147 1.845 2.148 0.935
#06 5.139 1.544 1.798 0.788
#07 5.981 1.795 2.090 0.911
#08 6.096 1.830 2.130 0.928
#09 6.174 1.853 2.157 0.939
#10 5.253 1.578 1.839 0.808
#70 6.134 1.841 2.143 0.932
#71 5.942 1.783 2.074 0.897
#72 6.092 1.828 2.126 0.919
#73 6.212 1.864 2.167 0.937
#74 6.174 1.853 2.155 0.934

Table 3. The Absorption Amount for CLW lllumination

No. Melanin | Oxy-hemo | Deoxy-hemo | Carotenoid
#01 3.268 1.225 2.263 1.487
#02 3.166 1.187 2.193 1.442
#03 3.070 1.151 2.127 1.399
#04 3.141 1.178 2.176 1.431
#05 3.363 1.260 2.323 1.523
#06 2.841 1.066 1.974 1.301
#07 3.279 1.229 2.268 1.489
#08 3.337 1.250 2.306 1.513
#09 3.378 1.265 2334 1.531
#10 2.913 1.094 2.028 1.339
#70 3.354 1.256 2.313 1.515
#71 3.226 1.206 2.213 1.443
#72 3.303 1.235 2.266 1.477
#73 3.366 1.258 2.308 1.504
#74 3.357 1.256 2.308 1.507
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Table 4. The Absorption Amount for D75 lllumination LA Z72Hl, 2 ELo|=9] Zo]t}

No. Melanin | Oxy-hemo | Deoxy-hemo | Carotenoid 71& W Aol #12, #25 59 FolA= A3 At
#01 56.428 27.388 47518 43.934 o] E7I3t A7t Ao At WA= ARt ALt
#02 54.714 26.562 46.098 42.630 At Table 59 23} FolA Hehd o] S digh ¥l
#03 53.077 25.765 44.711 41.347 AE Fig. 109, slZ==x &3] Blile= Fig. 110 242
#04 54.291 26.354 45.734 42.292 ey it
#05 57.824 28.045 48.620 44.921 ALt B71R1 #12, #255 ARt 727849] Ap] tisto] 7]
#06 49.334 23.970 41.639 38.539 Eo WS A8 detd A= Hdtgh 74.90, #EHA
#07 56.502 27.415 47.550 43.950 = 17.1302 Yyt 7|& ¥iS 2835 snI=En 4
#08 | 57425 | 27855 48.303 44.635 I B 73.92, EEUAE 16.800191ck. et ol
#09 | 58094 | 28177 48854 45139 Al 717 Webd B 87.19, EFEA 2.75, SmI=w
#10 | 50757 | 24665 | 42869 | 39.69 B 83.84, BEWA 2,592 Uehitch Ak e oy
39 A=l #FHEA7L 71EYH tiE] 15% 222 oMl
#70 57.571 27.908 48.356 44.660 HEo] oy ol ATE T 9SS B 2 grf E4Ho
#71 54.922 26.580 45.970 42.393 mEo] et WA AES MI7lo] Wyl 124 IA=
72| S6N7 | 7% | 406 | I 7] o] Ak el Hgel Ao 71E el ¥
# 2 27.6 47.89%4 44.158 _ _
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Table 5. The Conparison Between Conventional 8 co° s

and Proposed Absorption Percentage AT 2opollle Fotiy] offnt. g dehdat Fn

No. Mela. | Hemo. |p_Mela.|p_Oxy |p_Deoxy| p_Carot
#01 76.07 81.93 | 87.58 | 84.30 | 81.95 | 81.38 100.00
#02 | 9574 | 64.16 | 84.90 | 81.75 | 79.49 | 78.95 20.00 G ——e 0
#03 | 8852 | 87.05 | 8236 | 7930 | 77.10 | 7658 S AN,
#04 | 64.92 | 8855 | 84.25 | 81.11 | 78.86 | 78.33 60.00 S - %
#05 | 6033 | 30.72 | 89.82 | 86.39 | 83.90 | 83.23 50.00 o
#06 | 7148 | 87.65 | 76.48 | 73.71 | 7175 | 71.34 o
#07 | 48.85 | 98.19 | 87.73 | 84.41 | 82.03 | 81.42 20.00
#08 | 69.51 | 42.77 | 89.18 | 85.79 | 83.34 | 82.70 10.00 .

0.00

#09 11.80 | 74.10 | 90.23 | 86.79 | 84.30 | 83.63
#10 83.61 75.30 | 78.62 | 75.81 | 73.84 | 73.47

#01£02 £#03 #04 #05 #06 #07 #08 #09#10 -~ H70HT1HT2 473474

---#--conventional —e— proposed

#70 | 6590 | 5813 | 89.46 | 86.00 | 83.47 | 82.77 Fig. 10. The Comparison Between Conventional
#71 69.18 | 5873 | 85.49 | 82.03 | 79.45 | 78.63 and Proposed Melanin Absorption

#72 80.33 | 66.27 | 87.50 | 83.95 | 81.30 | 80.45
#73 60.33 | 87.05 | 89.11 | 85.49 | 82.79 | 81.91
#74 76.39 | 83.73 | 89.15 | 85.60 | 82.97 | 82.17
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Fig. 12. The Synthetic Images Generated for Performance Test

: Melanin/ Hemoglobin Density (a) 90/90, (b) 90/70, (c) 70/90,
(d) 70/70, (e) 40/90, (f) 40/70, (g) 10/90, (h) 10/70.
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Table 6. The Conparison Between Conventional and Proposed
Absorption Percentage for Synthetic Images

z
o

. |Mela. %|Hemo.%| C_Mela. |C_Hemo.| P_Mela. |P_Hemo.
90 90 46.1 76.2 80.7 79.0
90 70 31.6 87.8 57.3 67.3
70 90 35.8 86.3 66.2 71.7
70 70 31.5 87.5 46.0 61.2
40 90 44.2 93.1 56.1 66.3
40 70 34.2 89.3 24.7 50.2
10 90 36.5 89.3 36.1 56.4
10 70 6.3 73.1 11.2 43.9
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Fig. 13. The Calculated Melanin Density for Synthetic Images
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Fig. 14. The Calculated Hemoglobin Density for Synthetic Images
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