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Abstract. We have developed a simple and effective method for everyday measurement of translucency with a
handy spectral reflectometer using edge loss. Edge loss can be used to quantify the translucency index in terms of
changes in reflectance under two types of measurement conditions. Here, a measurement condition represents the
pairing of an illumination area and a measurement area. As a measure of the degree of lateral spread of reflected
light, the translucency index can influence the appearance of human skin because this index represents eventual
translucency. First, we estimated how edge loss changes when measurement conditions are varied. We then
selected the combination of two measurement conditions of large and small edge loss to minimize errors. Finally,
we estimated actual skin translucency changes before and after treatments comprising acetone-ether immersion
and ultraviolet irradiation. The results were qualitatively consistent with the expectations under variations in
absorbance and scattering capacity, indicating the effectiveness of this method in evaluating translucency. This
method allows simultaneous measurement of translucency and reflectance as a spectrum, and also appears
applicable for daily use, although common optical parameters cannot be derived using this method alone.
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1 Introduction
Translucency is an important factor in giving skin a natural
appearance and can also provide clues as to the internal condition
of the skin. Given the importance of translucency, numerous
studies have been performed on this parameter in the fields of
medicine,1–4 cosmetics,5, 6 and computer graphics.7, 8 In the field
of cosmetics, one of the important goals is the improvement
of skin appearance in daily life. In the field of medicine, the
same can be said for cases where esthetic problems are a major
concern. In such cases, the interest is in small variations in
factors encountered during daily life (such as changes due to
external stimuli like ultraviolet radiation, skin-care activities,
or aging) as influences on appearance. The important issue is
measuring translucency as an eventual lateral spread of reflected
light and relating such measurements to appearance.

Most previous studies, however, have mainly discussed the
standard optical properties of average human skin, with few
studies attempting to assess individual differences or variations
during daily life. Generally, translucency can be evaluated by
calculating the absorption coefficient and effective scattering
coefficient3, 8, 9 or the effective attenuation coefficient7, 9 from a
measured point spread function (PSF). One frequently used mea-
surement configuration is the linear fiber array method, which
involves a single optical fiber for light incidence and multi-
ple optical fibers for light measurement lined up in a single
row with the edges adjacent.7, 10 Another proposed configura-
tion is video reflectometry measurement (VRM), which involves
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focusing light on the measurement surface through a system of
lenses and using a camera to acquire images of the returning
light.3–5, 8, 11 Such conventional methods for translucency mea-
surement need to detect weak signals from points adjacent to
the incident point, thus requiring detection over a wide dynamic
range and strict shielding from stray light from the environment
and the incident point. In addition, given skin unevenness, point
sources of light can be affected by the location of incidence. The
instruments and protocols for measurement therefore tend to be
elaborate to respond to these challenges.

Given this background, we tried to develop another method
for easy detection of daily changes in translucency as the lat-
eral spread of reflected light utilizing edge loss. Edge loss is a
phenomenon known to cause changes in measurement values
depending on the type of colorimeter.12–14 Many studies have
been conducted in the field of prosthetics, where the effect is par-
ticularly apparent and can easily result in esthetic issues.12, 14–18

Edge loss is also known to exert an influence when colorime-
try is performed on human skin.13 Studies of edge loss have
shown that the choices of illumination area and measurement
area exert major influences on the magnitude of colorimetry
results.12–14, 16, 17, 19 Although some of these studies have sug-
gested the idea of quantifying sample translucency using edge
loss,17, 19 the choice of measurement conditions has not been
adequately generalized.

We therefore began with a generalization of the relationship
between illumination area, measurement area, and edge loss,
and optimized the measurement conditions (the combination of
illumination area and measurement area). We then evaluated
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Fig. 1 (a) Schematic of the measurement device. Light from the light source is diffused by the integrating sphere and illuminates the sample. Part of
the reflected light enters the detector and its spectrum is measured. (b) Measurement area when aperture radius exceeds detector viewing radius. The
measurement radius is equal to the viewing radius. (c) Measurement area when detector viewing radius exceeds aperture radius. The measurement
radius is equal to the aperture radius.

the adequacy of our optimization with translucent samples and
examined how the translucency index varies with changes in the
absorbing and scattering power of human skin.

2 Materials and Methods
2.1 Measuring Device
In our method, translucency is calculated from reflectances
measured using a CM-2600d portable spectral reflectometer
(Konica Minolta, Tokyo, Japan). This device has an opti-
cal system with diffusion light illumination/8-deg detection
[Fig. 1(a)]. Reflectance can be measured in 10-nm increments
across a 360–740-nm spectrum. Specular component excluded
(SCE) mode was used in this study.

The CM-2600d reflectometer can alternate the detection ra-
dius between 4 and 1.5 mm, and the target mask that comes
into contact with the sample can be changed. We utilized these
features of the device in the present study. For normal measure-
ments, a target mask with a 5.5-mm aperture radius is used when
the detection radius is set to 4 mm (MAV mode), and a target
mask with a 3-mm aperture radius is used when the detection
radius is set to 1.5 mm (SAV mode). However, using a target
mask with a different aperture radius allowed the creation of
measurement conditions different from those normally used.

Let us consider how varying the aperture radius of the target
mask changes the measurement radii when the detector viewing
radius of the device is constant. If the viewing radius is smaller
than the aperture radius, then the entire viewing area is the
sample surface, and the measurement radius is equal to the
viewing radius [Fig. 1(b)]. Conversely, if the viewing radius is
larger than the aperture radius, then only the area of the sample
within the aperture is exposed within the viewing area and the
measurement radius is equal to the aperture radius [Fig. 1(c)].

2.2 Formulation of Edge Loss
To optimize the measurement conditions, we modeled re-
flectance measurement in order to evaluate edge loss for a given
measurement conditions and a given PSF. Wavelength is not ex-
plicitly stated, but each parameter is in fact a function of wave-
length. Using the bidirectional scattering surface reflectance dis-
tribution function (BSSRDF) S (�xi, �ωi; �xo, �ωo), incident radiance

L i (�xi, �ωi) from direction �ωi to point �xi and outgoing radiance
Lo (�xo, �ωo) from point �xo in direction �ωo can be expressed ac-
cording to the following relationship:7, 8

Lo (�xo, �ωo) =
∫

Ai

∫
2π

S (�xi, �ωi; �xo, �ωo)

·L i (�xi, �ωi) · (�n · �ωi) d �ωid �xi. (1)

Here, �n is the normal vector to the sample surface, and the in-
tegrated areas Ai and 2π are the illumination area and the solid
angle of the hemisphere, respectively. Next, reflectance of the
sample is expressed in terms of the outgoing radiance. Appar-
ent reflectance can be written as r according to the following
formula:

r =
∫

Ao
Los (�xo, �ωd) d �xo∫

Ao
Low (�xo, �ωd) d �xo

. (2)

Los (�xo, �ωd) and Low (�xo, �ωd) are the outgoing radiance in the
direction of the detector of the sample and a standard white
plate, respectively. Vector �ωd is the direction of the center of the
detector as seen from the center of the measurement area, and
the domain of integration Ao indicates the measurement area on
the sample. Next, the BSSRDF of the sample Ss (�xi, �ωi; �xo, �ωo)
and the BSSRDF of the standard white plate Sw (�xi, �ωi; �xo, �ωo)
are related by the following formula:∫

2π

Ss (�xi, �ωi; �xo, �ωd) · L i ( �ωi) · (�n · �ωi) d �ωi

= R · p (�xi, �xo) ·
∫

2π

Sw ( �ωi; �ωd) · L i ( �ωi) · (�n · �ωi) d �ωi.

(3)

However,
∫

�xo
p (�xi, �xo) d �xo = 1 and Sw( �ωi; �ωo) = ∫

A Sw(�xi, �ωi;
�xo, �ωo)d �xo, where A is the whole surface. Here, we call R the
true reflectance and p (�xi, �xo) the normalized PSF. R · p (�xi, �xo)
is the PSF weighted by incident radiance.

With further assumptions of isotropy and homogeneity re-
garding BSSRDF and incident radiance, Eqs. (1)–(3), apparent
reflectance r can be calculated as follows:

r = R

s
·
∫

Ao

∫
Ai

p (|�xo − �xi|) d �xid �xo. (4)

Here, s is the area of the sector Ai ∩ Ao, and p (�xi, �xo) is replaced
by p (|�xo − �xi|).
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Fig. 2 Magnitude of edge loss for illumination radius (di) and
measurement radius/illumination radius (do/di) given in Eq. (6)
(μeff = 0.8 mm− 1) for normalized PSF. Points A–D in the plot show
conditions used for reflectance measurement (see Table 1). Edge-loss
values at points A–D in the plot were 0.050, 0.118, 0.354, and 0.553,
respectively. The combination of A and C was used in Experiment 2.

Finally, edge loss is evaluated. When both the illumination
radius and measurement radius are finite, apparent reflectance
is less than true reflectance due to edge loss. We defined edge
loss E quantitatively as this percentage decrease, as follows:

E = R − r

R
= 1 − 1

s
·
∫

Ao

∫
Ai

p (|�xo − �xi|) d �xid �xo. (5)

2.3 Optimization of Measurement Conditions
From Eq. (5), we evaluated the relationship between illumina-
tion radius, measurement radius, and edge loss with numerical
integration. Here we used a simple function system [Eq. (6)] as
the function system for the PSF for the purpose of approxima-
tion because our objective was simply to evaluate the effect of
the relative degree of lateral spread,

p (|�xo − �xi|) = μeff

2π
· exp (−μeff · |�xo − �xi|)

|�xo − �xi| . (6)

Preliminary experiments showed that, using the red channel
of the camera, the normalized PSF of human skin obtained
by VRM5, 8 fit well with Eq. (6) if μeff was used as a fitting
parameter. The mean value of μeff for Japanese forearm skin was

around 0.8 mm− 1 (results of preliminary experiments, details
not shown).

With numerical integration, changes in edge loss with the
illumination radius di and the ratio of the measurement radius
to the illumination radius do/di as parameters are evaluated. A
plot of the results is shown in Fig. 2. Edge loss increases with
decreasing di and increasing do/di. These results are consistent
with findings from previous studies.12–14, 16, 17

Using the variation of edge loss under different conditions,
the level of translucency of the sample can be evaluated. Select-
ing combinations so as to maximize the difference in edge loss
facilitates detection of even small variations. Taking Fig. 2 as a
reference, a good combination of conditions would be large di

and small do/di together with small di and large do/di in order to
maximize signal-to-noise ratio (S/N). Optimum conditions must
be selected from among those possible, taking into account the
additional restriction imposed by the device of possible viewing
radii of 4 and 1.5 mm. In addition, radii that are too small will
cause the measurement to be affected by the reduced amount
of light reflected from the sample and by irregularities in skin
topography and color unevenness.

Conditions A and C from Table 1 were ultimately selected
as standard conditions to combine for calculating translucency
index. Conditions B and D were used in experiment 1 for the
purposes of comparison. The MAV mode was used for condi-
tions A, C, and D, and the SAV mode was used for condition
B. For conditions A and B, the standard target masks for the
MAV and SAV modes were used, respectively. For conditions C
and D, the aperture size of each target mask was customized by
affixing a black sheet with a hole to a target mask for the MAV
mode. Edge-loss values E(A), E(B), E(C), and E(D) in Fig. 2
were 0.050, 0.118, 0.354, and 0.553, respectively.

2.4 Calculation of Reflectance and
Translucency Index

First, sample reflectance was recalculated from the device out-
put values to exclude the reflected component from the target
mask from measurement values. Apparent reflectance ri under
condition i is calculated from

ri = ri,s − ri,b

ri,w − ri,b
. (7)

Here, ri,w, ri,b, and ri,s are the measured reflectance values
of the standard white plate (a plastic plate supplied with

Table 1 Illumination radius (di) and measurement radius (do) conditions A–D and the respective
geometrical settings.

Measurement conditions Geometrical settings (mm)

Condition di do do/di Mode Target mask Viewing radius Aperture radius

A 5.5 4 0.73 MAV MAV (standard) 4 5.5

B 3 1.5 0.5 SAV SAV (standard) 1.5 3

C 2 2 1 MAV Customized 4 2

D 1 1 1 MAV Customized 4 1
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the spectral reflectometer; reflectance in the ordinary sense is
98.57 ± 0.29% at between 400 and 700 nm), blank, and the
sample under condition i. Here, “blank” refers to the condition
in which no light returns from the aperture. Reflectance cal-
culated in this way represents the proportion of the amount of
reflected light compared to that from the standard white plate.
Basically, ri,s in this paper represents the mean value from five
measurements.

Using the pair of apparent reflectances of the sample thus
obtained under the combination of conditions i and j to meet E(i)
< E(j), the translucency index Ti,j is defined by the following:

Ti,j = ri − rj

ri
. (8)

From Eq. (5), it can be rewritten with edge loss as follows:

Ti,j = E(j) − E(i)

1 − E(i)
. (9)

From Eq. (9), it follows that when E(i) ≈ 0, then Ti,j ≈ E(j).
As can be seen from Fig. 2, within the possible extent of skin
translucency, it is condition A that almost meets this condition.
Hereafter, “translucency index” referred to by itself indicates
TA,C, and “reflectance” by itself refers to rA.

2.5 Experiments
2.5.1 Experiment 1: Preparation and measurement

of translucent samples

For the purpose of confirming the optimization, translucency
indices of samples with different translucencies under multiple
combinations (A/C, A/B, and C/D) were measured. Translu-
cent samples were prepared as follows using transparent, room-
temperature curing silicone resin (KE-108, condensed type;
Shin-Etsu Silicones, Tokyo, Japan) as a base. A set amount of
cosmetic foundation (in-house trial product) with similar color
to average Japanese skin and catalyst (CAT-108; Shin-Etsu Sil-
icones) was added to the KE-108, and the mixture was poured
into a mold. Proportions of foundation-to-silicone resin were
varied (0.05, 0.10, 0.15, 0.20, and 0.50 wt%) to adjust translu-
cency. When the PSF of each sample was measured with VRM5, 8

and the μeff of the samples with foundation proportions of 0.05,
0.10, 0.15, 0.20, and 0.50 wt% was calculated according to
Eq. (6), values came to 0.03, 0.24, 0.38, 0.63, and 1.38 mm− 1

at the red channel, respectively (details not shown). Since μeff

of forearm skin was ∼0.8 mm− 1 according to the results of
our preliminary experiments, translucency of forearm skin in
Japanese is expected to be between 0.20 and 0.50 wt%.

Values for rA, rB, rC, and rD of the translucent samples were
calculated from Eq. (7), and TA,C, TA,B, and TC,D were then
calculated from Eq. (8). Standard deviation for each translu-
cency index sTi,j was evaluated from standard deviations sri for
ri and srj for rj by applying the error propagation equation to
Eq. (8). S/N was evaluated by dividing the change in translu-
cency index between different translucent samples by the error.
As mentioned above, translucency of forearm skin in Japanese
individuals is expected to be between 0.20 and 0.50 wt% at the
red channel. Therefore, for each combined condition, S/N was
regarded as the difference between translucency at 0.50 wt% and
translucency at 0.20 wt% divided by the error for translucency at
0.20 wt% at 650 nm wavelength.

2.5.2 Experiment 2: Measurement of human skin

Experiment 2-1: A/E treatment. To examine the effect of scat-
tering in the stratum corneum on translucency index, scattering
power was varied by means of acetone-ether (A/E) treatment,20

which dissolves lipid in the stratum corneum. The resulting re-
flectances and translucency indices were calculated. The inner
forearms of adult males (n = 6) in their 30s and 40s were used.
A total of five circular areas (2 cm i.d.) were selected on the left
and right inner forearms, and these areas were immersed in an
acetone-ether mixture for 30 min. Reflectances and translucency
indices before and after treatment were measured.

Experiment 2-2: Ultraviolet-induced erythema. To consider
the effect of accumulated pigment (hemoglobin) in the skin
on reflectance and translucency index, the reflectance and
translucency index of erythema induced by ultraviolet (UV)
irradiation21 were measured over time. The inner forearms of
adult males (n = 5) in their 30s and 40s were used. One square
area of sides 2 cm was irradiated for 10 min with UV radiation
at a UV-B intensity of ∼300 μW/cm2 and a UV-A intensity of
∼500 μW/cm2. This dose is equivalent to approximately twice
the minimal erythema dose in ordinary Japanese (result of pre-
liminary experiments). The reflectance and translucency indices
of the area exposed to UV radiation were measured before and
one day after UV irradiation.

3 Results and Discussion
3.1 Experiment 1: Measurement

of Translucent Samples
Reflectances were calculated from output values under each
measurement condition using Eq. (7), and Fig. 3(a) shows
translucency indices TA,C, TA,B, and TC,D at a wavelength of
650 nm and the errors calculated from these combinations with
Eq. (8). Figure 3(b) shows the spectrum of translucency index
TA,C as a representative example. The S/N designated in Sec. 2.5
was improved in the order of TA,B, TC,D, TA,C as 11.01, 15.08,
28.29, respectively.

This result supports the hypothesis set out in Sec. 2.3 that the
S/N would improve with increasing change in edge loss. From
the given edge loss values for conditions A-D in Fig. 2, changes
in edge loss between combinations A-B, C-D, and A-C can
be calculated as 0.068, 0.201, and 0.304, respectively, meaning
that the ranking orders of changes in edge loss and S/N were
consistent.

Looking at the comparative values of translucency indices
between samples, for TA,C and TA,B the relationship was such
that the index increased with increasing translucency across the
whole range of sample translucencies. For TC,D, however, this
ranking order did not hold true between samples with higher
translucency of ≤0.20 wt%.

The reason for this was considered to be that a considerable
degree of edge loss occurs in condition i of Eq. (9) (condition
C in this case). If translucency of the sample increases con-
siderably, E(j) approaches 1 and the variation of E(j) becomes
smaller. As a result, E(j) becomes less sensitive than E(i) in
terms of translucency. As partially differentiating Ti,j with re-
spect to E(i) in Eq. (9) always results in negative values, Ti,j

can be seen to decrease as E(i) increases when E(j) is constant.
That is, if E(i) increases significantly, Ti,j will not necessarily
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Fig. 3 (a) Translucency indices of prepared translucent samples (various combinations of measurement conditions for calculating translucency index)
at a wavelength of 650 nm. The lower the concentration of foundation (measured in weight percent) in the sample, the higher the translucency.
(b) TA,C as a representative example. Error bars are shown for 0.5 and 0.2 wt%. In order of increasing translucency, each line represents 0.50, 0.20,
0.15, 0.10, and 0.05 wt%, respectively.

increase despite increasing sample translucency. Taking these
factors into account, it is particularly important to select condi-
tion i in Eq. (9) so that edge loss is minimized, in order to expand
the coverage of translucency. This result also indicates that the
selected combination, which is adequate for the measurement of
skin translucency, may be inappropriate for objects with greater
translucency.

3.2 Experiment 2: Measurement of Human Skin
Experiment 2-1: A/E treatment. Figure 4 shows average values
for all subjects for reflectance and translucency index spectra
before and after treatment for the areas treated with A/E. Re-
flectance increased after treatment, but the translucency index
decreased. Here, values at a wavelength of 650 nm were ex-
tracted from the spectrum to specifically investigate the influ-
ence of changes in scattering power alone (Fig. 5). Reflectance
and translucency index had changed significantly with a 99%
confidence level.

These changes are reasonable from a qualitative perspective.
The increase in the proportion of light reflected by the stratum
corneum (where light absorption is weak) is considered to
reduce the amount of light that reaches and returns from layers
below this (where pigment absorb light), making reflectance
increase. At the same time, light returning from shallow loca-
tions does not show much diffusion, with light diffusing more
widely the deeper it reaches, making the translucency index
decrease.

Experiment 2-2: UV-induced erythema. Figure 6 shows av-
erage values for all subjects for reflectance and translucency
index spectra measured before and one day after treatment. Re-
flectance and translucency index were both decreased one day
after treatment at a wavelength of ∼550 nm compared to be-
fore treatment. On the other hand, at ∼650 nm, reflectance was
almost the same as before and the translucency index was in-
creased. Figure 7 shows values at 550 and 650 nm extracted
from the spectra. At 550 nm, both reflectance and translucency
index values decreased significantly (99% confidence level). At
650 nm, reflectance was barely changed, but the translucency
index was significantly increased (95% confidence level) after
one day compared to before irradiation.

Changes at 550 nm are reasonable from a qualitative perspec-
tive. Reflectance decreased at a wavelength of 550 nm after one
day as a result of erythema with a peak at 24–48 h.21, 22 Decreases
in reflectance at a wavelength of 550 nm can be explained by
the absorption spectrum of hemoglobin, which has strong peak
at around 500–600 nm.23, 24 The fact that the translucency in-
dex also decreased can be explained by the depth reached by
light and the degree to which this light contributes to diffusion.
Hemoglobin present at a certain depth selectively absorbs the
component of incident light that contributes to diffusion. There-
fore, when reflectance decreases as a result of absorption by
pigment, the translucency index also simultaneously decreases.

Although scattering power might also be changed in accor-
dance with changes in thickness under conditions of erythema,
the decrease in translucency index at 550 nm hardly seems to

Fig. 4 Comparison before and after A/E treatment: (a) rA and (b) TA,C spectrum. Solid lines: before treatment; dashed lines: after treatment. Values
represent mean values for all subjects. rA increased and TA,C decreased as a result of A/E treatment.
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Fig. 5 Values at a wavelength of 650 nm extracted from spectra before and after A/E treatment: (a) rA and (b) TA,C. Significance was tested using a
t-test (paired, bilateral). **: 99% confidence level.

be explained by variations in scattering power. Vascular dila-
tion under conditions of erythema22 can cause thickening of the
skin and variations in scattering power. If we consider the fact
that translucency was increased at 650 nm, at which the extinc-
tion coefficient of oxyhemoglobin is two orders of magnitude
smaller23 than the value at 550 nm and hemoglobin density has
less effect on translucency than at 550 nm, scattering power
should be changed in the direction of increasing translucency.

The order of the translucency index of skin and translucent
samples using the proposed method are consistent with the order
of μeff by VRM. From the results of Experiment 2, in which
translucency index of skin was ∼0.3 at 650 nm [Figs. 5(b) and
7(d)], and the result of Experiment 1, we can say that forearm
skin in Japanese individuals shows a translucency between 0.20
and 0.50 wt%. The order of translucency is thus consistent with
the order from VRM mentioned in Sec. 2.5.

Lastly, as an evaluation of the possibilities of the proposed
method, absorption coefficients (μa) and effective scattering co-
efficients (μ′

s) were roughly estimated from the reflectances (rA)
and translucency indices (TA,C) of the result in Experiment 2.
Given PSF as a function of the parameters μa and μ′

s, and given
specific values of each parameter, we can derive reflectance
and translucency index with Eqs. (4)(8), substituting PSF into
R · p (|�xo − �xi|). Inversely, μa and μ′

s can be derived from re-
flectance and the translucency index as an optimization problem.
The formula proposed by Farrel et al.2 was used as the PSF, as
a function of μa, μ′

s, refractive index, and the distance from the
incident point. The refractive index was set at 1.3, as used by
Jensen et al.8 The parameters μa and μ′

s were calculated from

rA and TA,C, using the “fminsearch” function in MATLAB soft-
ware (Mathworks, Natick, Massachusetts), in which the Nelder–
Mead simplex method is implemented, to solve the optimization
problem.

The specific values of the results in Experiment 2 and the de-
rived values of μa and μ′

s from these results are shown in Table 2.
The large increases seen in μ′

s after A/E treatment (from 2.80 to
3.88) and in μa after UV-induced erythema (from 0.49 to 0.81)
can be anticipated as natural results from changes in the skin.
Each calculated μa and μ′

s at “before” at 650 nm and at 550 nm
is generally larger (but not exceeding a tenfold increase) than
the respective values at the red channel (for 650 nm) and green
channel (for 550 nm) according to Jensen et al.8 The differences
are supposed to come not only from differences between sub-
jects, but also from inadequate handling of standard white and
surface reflection. We think that more appropriate treatment of
these issues will increase the reliability of the derived optical
properties.

3.3 Limitations of this Measurement Method
The limitations that we have identified thus far are as follows:

First, this method cannot deal with the anisotropy of translu-
cency. Although a previous study showed that skin translucency
is anisotropic,10 the translucency index that this method derived
represents the average over all directions. This method cannot
deal with anisotropy due to the isotropic shape of the aperture.

A second issue is that the translucency of the standard white
plate influences the translucency index values. In the proposed

Fig. 6 Comparison of before and one day after UV irradiation: (a) rA and (b) TA,C. Solid lines: before irradiation; dashed lines: one day after
irradiation. Values represent mean values for all subjects. Both rA and TA,C decreased at a wavelength of ∼550 nm after one day compared to before
irradiation. On the other hand, TA,C increased while rA was barely changed at 650 nm.
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Fig. 7 Values at 550 and 650 nm extracted from spectra before and one day after UV irradiation: (a) rA at 550 nm, (b) TA,C at 550 nm, (c) rA at
650 nm, and (d) TA,C at 650 nm. Significance was tested using a t-test (paired, bilateral). **: 99% confidence level, *: 95% confidence level, N.S.:
not significant.

method, the standard white plate is not only the standard for
white, but is also the standard for opacity. When calculating
reflectance according to Eq. (7), reflectance of the standard white
plate is assumed to be constant even under different conditions.
If the standard white plate is not completely opaque, however,
reflectance will not be constant in the same way as for other
translucent samples. If we want to obtain translucency indices
of samples as absolute values or to compare indices of different
instrument, then the opacity of the standard for white should be
corrected.

The third point to consider is that surface reflection is not
completely excluded in measurements. When gauging the inter-
nal condition of the skin, it is desirable to separate reflected light
from the skin into surface reflection and inner reflection, and to
calculate the degree of diffusion of inner reflection. Eliminating

Table 2 Estimated values of μa and μ′
s from the results (rA, TA,C) in

Experiment 2.

Input Output

rA TA,C μa/mm− 1 μ′
s/mm− 1

Experiment 2-1 (A/E treatment) at 650 nm

Before 0.56 0.28 0.049 2.80

After 0.59 0.23 0.057 3.88

Experiment 2-2 (UV-induced erythema) at 550 nm

Before 0.31 0.12 0.49 3.61

1 day 0.26 0.10 0.81 3.84

surface reflection would require adoption of a method such as
polarization analysis.25, 26

4 Conclusion
We have proposed a method for evaluating translucency by mea-
suring reflectance under two different types of measurement
conditions. Although the proposed method cannot lead to the
determination of scattering and absorption coefficients by itself,
translucency can be measured as a lateral spread, which was
our aim, and some advantages appear to be offered over con-
ventional methods. The signals to be detected in this method
are the convolutions over the illumination and measurement
areas, and are unlikely to be an order of magnitude smaller than
the total amount of reflection. This method is thus expected
to be less susceptible to the influence of stray light and skin
unevenness. In addition, this method uses almost the same geo-
metric condition as standard spectral reflectance measurement,
allowing simultaneous measurement of translucency and re-
flectance. Furthermore, the translucency index can be measured
as a spectrum that also provides useful information for detailed
discussions, as we tried to consider the effect of scattering in
Experiment 2-2. At present, in cases of skin appearance eval-
uation where eventual effects of translucency are of concern,
this method can obtain sufficient information. If the values of
the optical properties from the preliminary method we exam-
ined are related to those from conventional methods, then the
method would be applicable as a practical tool for deriving these
coefficients.
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