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Abstract Human skin colour information is important for the cosmetic industries
and hospitals to develop a skin product and suggest an appropriate treatment.
Human skin has multi-layered structures with non-flat surface and the colour of the
human skin is unevenly distributed over the body. It is difficult to get skin colour
information both exhaustively and precisely. Different ethnicities exhibit signifi-
cantly different skin colour. To supply the data to the CIETC 1-92 Skin Colour
Database and to achieve successful colour reproduction of skin colours on multi-
media, two most widely used instruments, tele-spectroradiometers (TSRs) and
spectrophotometers (SPs), were employed to collect large numbers of human skin
colour, including 188 subjects from four ethnic groups (Oriental Caucasian, South
Asian and African). Five or ten locations from each subject were measured. At each
location, three repeated measurements performed by using both instruments and
their mean values were used as the measurement results. The measurement results
were reported using CIELAB colour system, in terms of lightness, chroma and hue.
The colour distribution between different locations of different ethnic groups was
studied by plotting the data points in a'b" and L* C’, planes. Systematic trends were
found between different ethnicities and instruments. The result shows a significant
trend of the colour shifting between different ethnicities and instruments.
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2.1 Introduction

The colour of skin is a significant feature of human. It can reflect ethnic, health and
habitat environment. It is also a critical factor for reproducing human facial image
in printing and display industry. For diagnosing cutaneous disease, the skin colour
is closely related to the effectiveness of the treatment. For the skin colour mea-
surement, CIE colorimetry has been widely used for more than 30 years to provide
objective measurements for human skin colour, which is of great importance for the
cosmetic industry and hospitals to develop a skin product and suggest an appro-
priate treatment. Tele-spectroradiometers (TSRs) and spectrophotometers (SPs) are
two instruments that were widely used for measuring skin colour in vivo. For
example, TSRs are frequently used in cosmetic industry for developing a skin
colour chart and for evaluating skincare products [1]. SPs are sometimes used for
diagnosing skin disease symptom [2—6]. The measurement results are frequently
reported using CIELAB colour system, in terms of lightness, chroma and hue.
Different from other materials, i.e. paper, glass and textile, human skin has a
multi-layer structure with non-flat and non-uniform colour surface. The pressure,
measuring field size and measuring geometry can affect the measurement results.
Although large amounts of work on human skin colour measurements were based
on these two instruments, the research of the uncertainty of the measurement by
using these two instruments to measure human skin colour was limited.

2.2 Objectives

These skin colour data were part of the Leeds Liverpool Skin colour database (LLSC)
which is part of the CIE TC1-92 Skin Colour Database. A large-scale research project
was set up between the University of Leeds and the University of Liverpool to
measure and to collect skin colours from different ethnicities and using different
instruments. The aim of this project was to investigate the uncertainty in skin colour
measurements, such as ethnicity, age, gender and body location. This chapter presents
a study, which aimed to investigate the uncertainty of using a SP (Konica Minolta
CM700d spectrophotometer, referred as CM700d) and a TSR (Photo research inc.
PR-650 Spectra Scan, referred as PR650) to measure skin colour. The colour shifting
between different ethnicities and between these two instruments was evaluated.

2.3 Methodology

One hundred and eighty-eight subjects, including 86 Oriental, 79 Caucasian, 13
South Asian and 10 Africa with both genders, were measured by CM700d and
PR650. For each subject, ten locations—forehead (FH), cheek, cheekbone (CB),
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neck, chin, inner forearm (IF), outer forearm (OF), back of hand (BH), nose tip
(NT) and fingertip (FT)—were measured by CM700d and five locations—forehead
(FH), cheek, cheekbone (CB), neck and back of hand (BH)—were measured by
PR650. The measurement locations were selected based on the previous research
[7, 8]. Each location was measured three times using both instruments and the
average of these three repeat measurements was used as the measurement result.
A specially build imaging light booth from Verivide was used to provide illumi-
nation for the PR650. This imaging light booth is painted with natural paint inside
and proved D65 diffused illumination. The PR650 was placed behind the illumi-
nation to avoid project shadow on the subject. The measurement results, the spectral
reflectance (CM700d) and spectral power distribution (PR650), were transformed to
CIELAB values by using CIE 1931 Standard Colorimetric Observer, as both
instruments’ measuring angles were set in 2°, and the X(YyZ, which gained form
the SPD measured inside the imaging light booth. This SPD was measured by using
the PR650 at the same position as the skin colour measurement. The equation set
list below was used to gain the X,YZp.

SPD,, A
Y= X y(A
R.% y(4)
SPD e
B R X X(4)
Xy = Z v x 100 @1
SPDW z2(2)
7=y Rt x 100
Yo = 100

where SPD,, is the spectral power distribution of a white chart measured by the
PR650. The Ry, % is the spectral reflectance of the same white chart that is measured by
CM700d.x(1),y(4),z(A) are the CIE 1931 Standard Colorimetric Observer (D65, 2°).

The colour shifting between different ethnic groups and instruments was
investigated through the AE}, , AL*, AH},, AC}, and Ah,, values and the plots of
the average CIELAB on ¢'b and L*C}, planes. AE}, AL*, AH},, AC}, and Ahg,
were calculated, which is calculated using the formulas as listed in Eq. (2.2). The
average of each ethnic group’s each location’s CIELAB was used to represent the
colour of each location of each group.

AE,, = \/(Lf’R - LéM)2 + (af’R - GEM)z + (b;;R - b*CM>2

AL" = L;R — LéM
ACZb = CZb,PR - CZb,CM (2-2)

AH, =\ (AE;,)? — (ALY — (ACS,)?

Ahgy, = happr — hap.cm
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2.4 Result and Analysis

The colour shift was investigated through the colour difference between two
instruments at each ethnic group measurement results, as listed in Table 2.1. For
each group, the mean CIELAB values of five locations, including forehead, cheek,
cheekbone, neck and back of hand, which measured by both instruments, were
averaged and compared. AE},, AL*, AH},, AC}, and Ah,, were calculated to
indicate the colour shifting of these two instruments’ measurement results in
lightness, chroma and hue. From the data listed in Table 2.1, the average colour
difference between these two instruments is about 2.18 AE”,, which is significant.
The PR650 measurement results had higher chroma and lower lightness than those
of the CM700d for all ethnic groups except the African, as AL* and AC;, of these
three groups were appear as positive and negative, respectively. From Ah,;,, we can
find that their hue angles agree well with each other. The average hue difference
between these two instruments of these four ethnic groups is about 0.4. The average
hue angle difference between these two instruments’ measurement results is
about 2°.

In Figs. 2.1a and 2.2b, the four ethnic groups’ average CIELAB gained from ten
locations measured by CM700d in @' b" and L* C», planes, respectively, is plotted. It
can be seen that African group has the lowest lightness than the others. The
Caucasian group showed the highest lightness while the African group exhibits the
lowest. The other three groups had similar hue angle and chroma. The error bar plot
in Fig. 2.1 is the standard deviation of ten measurement locations of each ethnic
group. From the error bar, we can see the colour shifting between different mea-
surement locations were more significant in hue for Oriental, Caucasian and South
Asian Groups, as shown in Fig. 2.1a. For the African group, the colour shifting
between different locations appears most significantly in lightness.

Figure 2.2 shows the PR650’s measurement results of four ethnic groups, which
average from four locations. Comparing the measurement results from CM700d,
the distribution of four ethnic groups’ measurement results is similar to the mea-
surement results from CM700d, as shown in Fig. 2.1. However, the chroma dif-
ference between African group and other three groups is more significant in the
PR650’s measurement results than the results from the CM700d. The error bar in
Fig. 2.2 is the standard deviation of five locations of each ethnic group. Comparing
to the CM700d’s plot, as shown in Fig. 2.1, the variation of the PR650’s results was
less than the CM700d’s, as there are only five locations measured by PR650.

Table 2.1 The colour difference (AE},, AL*, AH},, AC, and Ah,) of four ethnic groups
measured by the CM700d and PR650

AE;, AL, AH?, ACE, Ahg,
Oriental 231 2.11 0.35 -0.88 ~0.110
Caucasian 1.85 1.56 0.65 -0.74 ~1.980
South Asian 150 135 0.38 -0.54 0.690
African 3.05 2.68 0.25 1.44 ~1.530
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Fig. 2.1 The mean CIELAB values of ten locations of each ethnic group measured by CM700d in
aa'b" plane and b L*C?, plane
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Fig. 2.2 The mean CIELAB values of five locations of each ethnic group measured by PR650 in
aa'b plane and b L*C;, plane

Figure 2.3 shows the measurement results of two instruments. Figure 2.3a, b
shows the 10 locations measured by the CM700d. In a"b" plane, we can see the
locations on face are redder than the others, except the fingertip. The measurement
results from the PR650 appear a similar trend, as shown in Fig. 2.3c, d.
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Fig. 2.3 The mean CIELAB values of ten or five locations measured by CM700d and PR650
a Ten locations measured by CM700d in a"b” plane; b Ten locations measured by CM700d in
L*C}, plane; ¢ Five locations measured by PR650 in a'b" plane and d Five locations measured by
PR650 in L*C}, plane

The variation of the chroma and lightness between ten locations is not significant.
But the data show a negative correlation in lightness and chroma. This indicates that
for the Oriental group, skin with higher lightness will lower in chroma.
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2.5 Conclusions

This chapter is focus on investigating the variation of four ethnic groups and two
instruments. The colour appearance differences between ethnicities and instruments
were determined by looking at the colour difference and plotting the results on a b
and L*C}, planes. This research provides valuable information to evaluate mea-
surement results between TSR and SP for skin colour measurement. The results
from these two instruments show that two different instruments gave different
results. But they are similar in trend. The measurement results from one instrument
cannot be used to replace another directly. For different ethnic groups, the
Caucasian group showed the highest lightness while the African group exhibits the
lowest. The other three groups had similar hue angle and chroma. The distribution
of the average CIELAB of each ethnic group is similar for these two instruments. In
general, the non-contact instrument’s (PR650) results are darker than the contact
instrument’s (CM700d) results with a good agreement in hue angle. For the ten or
five locations of the Oriental group measured by CM700d and PR650, the locations
on the facial area appear redder than the others. For the Oriental group, the skin
with higher lightness will have lower chroma.
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