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Estimation of Illuminant Chromaticity by Analysis of Human
Skin Color Distribution
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Abstract

This paper proposes a method of estimating the illumination chromaticity of a scene in which an
image is taken. Storring and Bianco proposed a method of estimating illuminant chromaticity using skin
color. Storring et al. used skin color distribution characteristics and black body locus, but there is a
problem that the link between the locus and CIE-xy data is reduced. Bianco et al. estimated the
illuminant chromaticity by comparing the skin color distribution in standard lighting with the skin color
distribution in the input image. This method is difficult to measure and secure as much skin color as
possible in various illumination. The proposed method can estimate the illuminant chromaticity for any
input image by analyzing the relationship between the skin color information and the illuminant
chromaticity. The estimation method is divided into an analysis stage and a test stage, and the data set
was classified into an analysis group and a test group and used. Skin chromaticity is calculated by
obtaining skin color areas from all input images of the analysis group, respectively. A mapping is
obtained by analyzing the correlation between the average set of skin chromaticity and the reference
illuminant chromaticity set. The calculated mapping is applied to all input images of the analysis group
to estimate the illuminant chromaticity, calculate the error with the reference illuminant chromaticity,
and repeat the above process until there is no change in the error to obtain a stable mapping. The
obtained mapping is applied to the test group images similar to the analysis stage to estimate the
illuminant chromaticity. Since there is no independent data set containing skin area and illuminant
reference information, the experimental data set was made using some of the images of the Intel TAU
data set. Compared to Finlayson, a similar theory-based existing method, it showed performance
improvement of more than 40%, Zhang 11%, and Kim 16%.
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START

Take input image P, from Analysis |
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|
Calculate threshold(T;) for skin
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|
Extract skin candidate region(s,)
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]
Calculate information of chroma
distribution of S;
l
Calculate the average vector of

N
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Y
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|
| Calculate 1; Apply Fi to each A, |

=]
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| B |

Figure 1. The flowchart of proposed analysis stage
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| START |
[

| Take test image E; from Test group |
I

|Calcuiatc threshold(T.) for skin region |

Extract skin candidate region(S;) by Ty

|
Calculate information of chroma
distmbution of S,
I
Calculate the average vector of S«(As)

|
| Apply Fr to calculate Iy, to each As

|
| Calculate estimated error AE(lf, 1)
|

| END |

Figure 2. The flowchart of proposed test stage
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Figure 3. Sample RAW images from Analysis group
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Figure 4. Sample RAW images from Test group
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Table 1. Calculated error for the estimation of scene illuminant chromaticity : Finlayson

E 1 gH 2y A% 4 ok 22p A4 : Finlayson

im no. ref_r ref g est_r est_g AE

#1 0.2057 0.4922 0.2808 0.4922 6.0186

#2 0.2090 0.4932 0.2683 0.4932 4.5072

#3 0.2107 0.4926 0.2683 0.4932 4.3148

#4 0.1987 0.4913 0.2808 0.4922 6.6794

#5 0.2151 0.4933 0.4517 0.4345 22.9907
#209 0.2382 0.4484 0.2808 0.4922 0.7214

#210 0.2472 0.4520 0.2194 0.4916 4.7183

#211 0.2261 0.4437 0.2942 0.5211 3.9013

#212 0.3660 0.4492 0.2319 0.4634 11.2464
#213 0.3230 0.4556 0.2194 0.4916 11.3789

Table 2. Calculated error for the estimation of scene illuminant chromaticity : Zhang, 6=0.1

X 2.4W 2% M FHd gk 2.2t A4t : Zhang, 0=0.1

im no. ref_r ref_g est_r est_g AE
#1 0.2057 0.4922 0.1869 0.4919 1.6301
#2 0.2090 0.4932 0.1869 0.4919 1.9145
#3 0.2107 0.4926 0.1719 0.4639 0.6235
#4 0.1987 0.4913 0.1719 0.4639 0.5141
#5 0.2151 0.4933 0.2683 0.4932 3.9134
#209 0.2382 0.4484 0.1869 0.4919 6.9273
#210 0.2472 0.4520 0.1719 0.4639 6.1400
#211 0.2261 0.4437 0.2683 0.4932 0.4703
#212 0.3660 0.4492 0.1863 0.4919 18.0163
#213 0.3230 0.4556 0.1719 0.4639 12.8006
Table 3. Calculated error for the estimation of scene illuminant chromaticity : Kim
3.4 =1 A FA g @k AL Kim
im no. ref_r ref g est r est_g AE
#1 0.2057 0.4922 0.2121 0.4956 0.7375
#2 0.2090 0.4932 0.2121 0.4956 0.4531
#3 0.2107 0.4926 0.4246 0.4745 19.7812
#4 0.1987 0.4913 0.4246 0.4745 20.9188
#5 0.2151 0.4933 0.2121 0.4956 0.1408
#209 0.2382 0.4484 0.1719 0.4639 5.4439
#210 0.2472 0.4520 0.1719 0.4639 6.1400
#211 0.2261 0.4437 0.1719 0.4639 4.4680
#212 0.3660 0.4492 0.1719 0.4639 16.6381
#213 0.3230 0.4556 0.1719 0.4639 12.8006
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Table 4. Calculated error for the estimation of scene illuminant chromaticity : proposed
4.4 27 A F40 ga 24 A 1 A

im no. ref_r ref_g est_r est g AE

#1 0.2057 0.4922 0.1220 0.5172 9.4062
#2 0.2090 0.4932 0.1685 0.5645 6.3416
#3 0.2107 0.4926 0.1691 0.5537 6.1757
#4 0.1987 0.4913 0.1802 0.5877 4.9773
#5 0.2151 0.4933 0.2202 0.5206 0.6337
#209 0.2382 0.4484 0.2377 0.5082 2.9142
#210 0.2472 0.4520 0.2451 0.4770 1.4768
#211 0.2261 0.4437 0.2361 0.5124 2.2667
#212 0.3660 0.4492 0.3217 0.4725 4.9194
#213 0.3230 0.4556 0.3016 0.4714 2.7224

Table 5. Comparison between conventional and proposed methods
X 5. 7] R AlQeE W o] A v

method avg. AE %Error std(o)
Finlayson 7.0305 100.00 6.1311
Zhang, 0=1.0 4.9960 71.06 3.3865
Zhang, 0=0.1 5.8842 83.70 4.5825
Kim 5.3313 75.83 4.6454
Proposed 4.1984 59.72 3.0261
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