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Abstract
Upon renewal of the new product “ASTALIFT JELLY AQUARYSTA,” we have studied the relationship between skin appearance and skin condition. In particular, we focused on the “visual tenseness” of the skin, which supports a youthful appearance in women. The results indicated that a glossy cheek signiﬁcantly inﬂuences visual tenseness. Using our newly developed,
multi-scale optical simulation technique, we further analyzed the basis by which skin glossiness produces visual tenseness. The
results showed that the skin appears glossier as a result of the suppression of disturbances in cellular structures. Thus, it has been
suggested that following the application of “ASTALIFT JELLY AQUARYSTA,” the skin gloss is promoted through suppression
of disturbances in cellular structures, leading to improvements in visual tenseness.

1. Introduction
FUJIFILM launched the renewed ASTALIFT JELLY
AQUARYSTA on September 1, 2015 (see Fig. 1) 1) 2). Containing
human nano ceramide and human nano acyl ceramide, this
product improves skin barrier function and enhances the
retention of moisture.
During the development of the ASTALIFT JELLY
AQUARYSTA, we have studied the relationship between
skin appearance and skin condition. There are two types of
skin tenseness: tactile tenseness and visual tenseness. In this
paper, we have focused on the visual tenseness, skin tenseness
that makes a personʼs face look young, and analyzed it.
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2. Analysis of visual tenseness
—It is confirmed that a glossy cheek produces visual
tenseness—
Using an eye-tracking camera, we have analyzed which
part of a face a person looks at to check visual tenseness. An
eye-tracking camera follows the movement of eyes. It records
the changes in the direction of the gaze (observation point)
and how long the person has gazed each part (length of
observation).
We have then measured characteristics of skin around
the cheeks, such as pores, gloss, sagging and wrinkles, and
analyzed relationship between those characteristics and
visual tenseness.
2.1

Analysis result of observed areas during evaluation
of visual tenseness
We showed photographs of six different patterns of visual
tenseness to ten subjects. Using an eye-tracking camera,
we analyzed how each subject moved the observation point
when they evaluated visual tenseness (see Fig. 2). The circles
in Fig. 2 represent the areas the observation point ﬁxes on. The
size and color of a circle represent the length of observation.
The larger or the darker-shaded the circle is, the longer the
observation is. Those circles are concentrated around the
cheeks. The analysis result shows that an area around the
cheeks is to be observed to evaluate visual tenseness.
2.2

Analysis result of skin characteristics contributing
to visual tenseness
We made several images with characteristics, such as pore size
and gloss, varied by computer simulation (image processing).
We showed the images to 20 subjects and asked them to score
the visual tenseness of each image. We analyzed those scores
with the quantiﬁed characteristics and calculated the contribution rate of each characteristic to the perception of visual
tenseness.
The analysis result shows that a glossy cheek greatly contributes to visual tenseness. The contribution rate of a glossy
Test result using an eye-tracking camera

cheek is about 30%, the largest of all. Those of sagging and
wrinkles, thought to be closely related to tactile tenseness,
are around 10%.

3. Analysis of relationship between gloss and skin
condition
—We found that disturbances to the cellular structure
affect gloss—
To explore the relationship between gloss, an important
characteristic of visual tenseness, and skin structure and optical
characteristics, we analyzed the surface and internal skin
conditions of 15 women in their 20ʼs to 50ʼs.
About the skin surfaces, we captured images enlarged
30 times using a microscope. We performed quantitative
analysis of the texture conditions in those images. About
the internal skin conditions, we measured the behavior of
light in the epidermis using the “One Shot UV and Visible
Spectral-Domain Optical Coherence Tomography”. From
the images, we determined the amount of total reﬂection
from the epidermis and other conditions (see Fig. 3).
3.1 Analysis of skin surface and gloss
We have captured images of skin surfaces using a microscope and performed quantitative analysis of the texture
conditions, such as the width of sulcus cutis and the density
of texture. As is well known, we have conﬁrmed that when
the texture of skin, the geometry of skin surface, becomes
rough, skin loses gloss.
3.2 Analysis of internal skin and gloss
For analysis of internal skin, we captured tomographic
images using the “One Shot UV and Visible Spectral-Domain
Optical Coherence Tomography”, which is our original system
for analyzing the conditions of light inside skin, to perform
quantitative analysis of the behavior of light in the epidermis
and the dermis.
Light beams interfere with each other. When a light beam is
superposed on another, they increase or decrease the intensity
(amplitude) of each other. The “One Shot UV and Visible

(conducted on 10 subjects)
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Representative analysis results of an observation point
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Fig. 3

Analysis of the relationship between skin gloss and skin
condition
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Spectral-Domain Optical Coherence Tomography” makes
measurement light reﬂected from the inside of the skin
interfere with reference light to measure the distribution in
the direction of the depth of measurement light. The system
captures a tomographic image of a tissue deep in the body by
one shot non-invasively (without cutting into the body) 3),4). As
there is no need to move the reference mirror, a shot is taken
in one several-millionth of a second.
The analysis was conducted in the following procedures.
Twenty evaluators looked at the photographs of the faces of
the 15 female subjects above. The evaluators rated the gloss
in a scale of one to ten. We plotted the relationship between
those scores and the extinction coefﬁcient, a degree to which
light in the skin of each subject was attenuated. As shown in
the graph, a loss of light in the skin was smaller (the extinction
coefﬁcient was low) when the subject got a higher score on
the gloss (see Fig. 4).
Measuring the behavior of light in the epidermis using
the “One Shot UV and Visible Spectral-Domain Optical Coherence Tomography”
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Difference in extinction coefﬁcient is considered to arise
from disturbances to the cellular structure, such as unevenness
in the shape or the refractive index of cells in the stratum
corneum or the epidermis 5). The result of the analysis with
the “One Shot UV and Visible Spectral-Domain Optical
Coherence Tomography” shows that when disturbances to
the cellular structure, such as unevenness in the shape or the
refractive index of cells, are reduced, more light enters the
skin and develops the glossy skin.

4. Development of multi-scale optical simulation
technique
To verify that gloss is increased by reducing disturbances to
the cellular structure, we have developed multi-scale optical
simulation technique that combines electromagnetic optics
(nano-scale to micro-scale) and geometric optics (microscale to milli-scale) 6),7).
With this simulation technique, light is shed on a skin model
and the behavior of light is calculated on a computer to
simulate how the skin looks. Parameters for a skin model,
such as the depth and the width of sulcus cutis, scattering
and absorption coefﬁcients inside the skin and direction of
incident light, are editable to suit every experiment.
4.1 Configuration of multi-scale optical simulation system
The multi-scale optical simulation system consists of the
optical characteristic calculation unit and the visualization
unit. The optical characteristic calculation unit calculates the
behavior of light, such as reﬂection and scattering, towards
nanometer- or micrometer-scale microscopic structures. The
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visualization unit calculates how the skin texture looks when
light behaves the way calculated by the optical characteristic
calculation unit (see Fig. 5). Combining those two calculation
units enables visualization of a skin appearance given by
changes in the nanometer-scale cellular structure, which has
been impossible.
The optical characteristic calculation unit operates in two
steps. In Step 1, the unit calculates the optical characteristics
(BRDF/BTDF) of the skin surface from the geometry of
the surface on nanometer to micrometer scales. In Step 2,
it calculates inputs and outputs of light including surface
reﬂection, transmission, internal scattering and absorption,
as BSSRDF.
As Step 3, the visualization unit creates a skin model and
an observation model (light source and photo detector) and
performs calculations based on geometric optics to produce
output images. Specifically, the unit adds the micro- to
millimeter-level surface geometry and BSSRDF calculated
in Step 2 as optical characteristics to the skin model. The unit
calculates the process by which light emitted from the light
source and reﬂected by the skin model forms an image on the
photo detector .

4.2

Result of multi-scale optical simulation

—We verified that reducing disturbances to the cellular
structure increase gloss—
We have created skin models varied in the degree of
disturbances to the cellular structure and in the texture and
visualized gloss under each condition.
We used the conditions below for the simulations. We
considered that the texture of the skin would depend on the
width and the depth of sulci cutis. We assumed that a rough
texture had thick and deep sulci cutis and that a smooth
texture had thin and shallow sulci cutis. About disturbances to
the cellular structure, we assumed they depend on the surface
geometry and the behavior of light in the epidermis (scattering
coefﬁcient). We assumed that the surface was rough and the
scattering coefﬁcient was large when there were disturbances
and that the surface was smooth and the scattering coefﬁcient
was small when there were no disturbances. We created models
based on those assumptions.
Fig. 6 shows simulation models. The skin model is a
curved surface (representing the contours of cheeks) with the
geometry of a texture and optical characteristics calculated
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Simulation model

Results of skin visualization when there are large
disturbances in skin texture and cellular structure
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Fig. 8

Results of skin visualization when there are small
disturbances in skin texture and cellular structure
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based on the degree of disturbances to the cellular structure.
The observation model is visualized by shedding light with
a wavelength of 542 nm from the source at an angle of 45
degrees above the skin model and collecting light beams
reﬂected vertically by the skin model using a lens.
Fig. 7 and Fig. 8 show the results of visualization. The
drawings show visualized images 20 mm square colored like
human skin. The skin model with great disturbances to the
texture and cellular structure is visualized as a skin with less
gloss. It looks whitish because of an increase in the number of
scattering components. The skin model with little disturbances
is visualized as a glossy skin. It has bright components. The
result conﬁrms that a glossy skin is improved by reducing disturbances to the microscopic cellular structure.
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Trademarks
・“ASTALIFT JELLY AQUARYSTA” referred to in this paper is a
registered trademark or trademark of FUJIFILM Corporation.

・Any other company names or system and product names referred
to in this paper are generally their own trade names, registered
trademarks or trademarks of respective companies.
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