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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a method of
evaluating the depth of penetration of light into a meas-
urement target as using an optical tomographic image,
a performance test method using the evaluation method,
and an optical tomography apparatus.

2. Description of the Related Art

[0002] Inthe development of cosmetics and medicines
and in medical care, itis important to observe the condi-
tioninside the skin. In Europe, since the sale of cosmetics
tested on animals has been completely prohibited in the
spring of 2013, there is an increasing need for a method
for observing the human skin in a non-destructive and
non-invasive manner. Itis also important as an industrial
management method to measure a multilayered struc-
ture, such as a photographic film, in a non-destructive
manner with high resolution.

[0003] Magnetic resonance imaging (MRI), ultra-
sound, X-ray Computed Tomography (CT), and Optical
Coherence Tomography (OCT) are examples of a non-
destructive and non-invasive tomographic imaging meth-
od. The measurement depth of MRI, ultrasound, and X-
ray CT is mm to cm order, which is deep, but the reso-
lution is 10 wm to 100 wm or more, which is not high.
OCT is a tomographic imaging method using optical in-
terference. In general, near-infrared light (wavelength of
1.3 wm or 1.5 pm) is mainly applied to fundus examina-
tion and the like.

[0004] Since the depth resolution Az of OCT is given
by Az =2 X (In(2)/m) X (M2/AL), it is possible to increase
the resolution by increasing the wavelength width A\ of
alightsource to be used and decreasing the center wave-
length A of the light source (where A is the center wave-
length of the light source, A\ is the wavelength width of
the light source, and Az is a resolution in the depth direc-
tion). In the near-infrared OCT, the depth resolution is
about 20 pwm. In recent years, in order to improve the
depth resolution, development of OCT using the entire
wavelength region from visible to near infrared has been
performed (Journal of Biomedical Optics, Vol. 9, (1),
pp-47-74,2004). In Journal of Biomedical Optics, Vol. 9,
(1), pp.47-74, 2004, the depth resolution has reached
submicron order.

[0005] JP2013-108766Ahas proposed a method in
which low coherent light of red, green, and blue in the
visible region is generated by Super Luminescent Diode
(SLD) light sources of respective colors and a foundation
is applied to skin replica to evaluate the surface uneven-
ness or the thickness of the foundation layer.

[0006] [US 2009/0185191 A1 discloses an optical to-
mography apparatus and alight penetration depth eval-
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uation method comprising the following features: splitting
low coherent light into sample light and reference light,
emitting the sample light to a measurement target in a
line shape, generating interference light by superimpos-
ing reflected light from the measurement target due to
emission of the sample light and the reference light on
each other, and acquiring a two-dimensional spectro-
scopic tomographic image of the measurement target by
spectroscopically detecting the interference light and
performing frequency analysis, shaping an arbitrary
wavelength region into a spectrum having an arbitrary
wavelength width; acquiring the two-dimensional spec-
troscopic tomographic image as using the low coherent
light in the arbitrary wavelength region having the spec-
trum; and evaluating a penetration depth of the sample
light for the measurement target based on the two-di-
mensional spectroscopic tomographic image.

[0007] JP2014-506510A has proposed using lightin a
wavelength range of 300 nm to 500 nm as sample light
in order to increase the resolution in the depth direction
in a known OCT apparatus for ophthalmology that uses
infrared light (wavelength of 800 nm to 1300 nm) as sam-
ple light.

[0008] InJP2008-304314A, axenonlamp, alightemit-
ting diode, a super luminescent diode, or a multi-mode
laser diode that can respond to a continuous spectrum
from the ultraviolet region to the infrared region (wave-
length of 185 nm to 2000 nm) is exemplified as a light
source.

[0009] On the other hand, it is known that, in the case
of ultraviolet light (wavelength of 400 nm or less), an ef-
fect of eliminating the tension of the skin by making the
melanin pigment present in the epidermis of human skin
proliferate and damaging the collagen present in the der-
mis occurs. The depth of penetration of ultraviolet light
(hereinafter, also referred to as Ultra Violet (UV) light)
into the skin is said to be 50 pm to several hundred pm.
In the past study example (Photochemistry and photobi-
ology, Vol. 40, (4), pp.- 485-494, 1984), the epidermis of
actual human skin is cut out and the transmittance of
ultraviolet light is measured while thinly cutting the epi-
dermis while changing the thickness, thereby determin-
ing the attenuation rate of ultraviolet light at each thick-
ness.

[0010] In the OCT apparatus disclosed in
JP2013-108766A, since an ultraviolet light source is not
used, measurement in the ultraviolet region is not possi-
ble. In addition, since this is a time domain type (full field
type) OCT, mechanical scanning of the sample stage is
necessary. Accordingly, this is not suitable for measure-
ment of samples causing blurring, such as human skin.
In Journal of Biomedical Optics, Vol. 9, (1), pp.47-74,
2004, using the fact that the resolution is improved by
increasing the wavelength width, OCT measurement is
performed as using a broadband light source with awave-
length of 500 nm to 1600 nm. However, OCT measure-
ment in the ultraviolet region is not possible.

[0011] Inthe method disclosed in Photochemistry and
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photobiology, Vol. 40, (4), pp. 485-494, 1984, since it is
necessary to cut the human skin, the burden is large.
Accordingly, a method of directly observing the penetra-
tion depth of UV light in a non-destructive and non-inva-
sive manner is desired to quantify the effect of cosmetics.
[0012] In JP2014-506510A, since the measurement
wavelength is fixed to a specific wavelength in the range
of 300 nm to 500 nm, itis not possible to compare meas-
urement results and the like between multiple wave-
lengths.

[0013] InJP2008-304314A, a xenon lamp, a light emit-
ting diode, a super luminescent diode, or a multi-mode
laser diode that can respond to a continuous spectrum
from the ultraviolet region to the infrared region (wave-
length of 185 nm to 2000 nm) is exemplified as a light
source. However, among these light sources, there is
nothing that satisfies the three conditions of spatial co-
herence, temporal low coherence, and sufficient wave-
length width. Accordingly, these light sources are not suit-
able for being applied to OCT measurement in practice.
In addition, since the apparatus disclosed in
JP2008-304314A is an OCT using wavelength sweep,
this is not an apparatus that can selectively extract arbi-
trary wavelengths in an optimal spectral shape. There-
fore, comparison of tomographic images between differ-
ent wavelengths is not possible.

SUMMARY OF THE INVENTION

[0014] The present invention has been made in view
of the above circumstances, and it is an object of the
present invention to provide a light penetration depth
evaluation method according to claim 1 capable of eval-
uating the penetration depth of ultravioletlight fora meas-
urement target in a non-destructive and non-invasive
manner, a performance test method according to claim
8 using the evaluation method, and an optical tomogra-
phy apparatus according to claim 9 capable of executing
a light penetration depth evaluation method.

[0015] A light penetration depth evaluation method of
the present invention is a light penetration depth evalu-
ation method using an optical tomography method of
splitting low coherent lightinto sample light and reference
light, emitting the sample light to a measurement target
in a line shape, generating interference light by superim-
posing reflected light from the measurement target due
to emission of the sample light and the reference light on
each other, and acquiring a two-dimensional spectro-
scopic tomographic image of the measurement target by
spectroscopically detecting the interference light and
performing frequency analysis. The light penetration
depth evaluation method includes: cutting out an arbitrary
wavelength region in an ultraviolet region from low co-
herent light, which is emitted from a single light source
and which includes a wavelength region from an ultravi-
olet region to a visible region, and shaping the arbitrary
wavelength region into a spectrum having an arbitrary
wavelength width; acquiring the two-dimensional spec-
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troscopic tomographic image as using the low coherent
light in the arbitrary wavelength region having the spec-
trum; and evaluating a penetration depth of the sample
light for the measurement target based on the two-di-
mensional spectroscopic tomographic image.

[0016] That is, the light penetration depth evaluation
method of the present invention is an evaluation method
for evaluating the penetration depth of ultraviolet light for
the measurement target.

[0017] Inthe light penetration depth evaluation method
of the present invention, after the two-dimensional spec-
troscopic tomographic image based on the low coherent
light in the arbitrary wavelength region in the ultraviolet
region is acquired as a first two-dimensional spectro-
scopic tomographic image, a second two-dimensional
spectroscopic tomographic image may be acquired by
changing an amount of low coherent light in the arbitrary
wavelength region. The penetration depth of the sample
light for the measurement target may be evaluated based
on the first two-dimensional spectroscopic tomographic
image and the second two-dimensional spectroscopic to-
mographic image.

[0018] Inthe light penetration depth evaluation method
of the present invention, the arbitrary wavelength region
in the ultraviolet region may be set as a first wavelength
region, and the two-dimensional spectroscopic tomo-
graphic image based on the low coherent light in the ar-
bitrary wavelength region in the ultraviolet region may be
set as afirst two-dimensional spectroscopic tomographic
image. A second wavelength region different from the
first wavelength region may be cut out from low coherent
light, which is emitted from the single light source and
which includes a wavelength region from the ultraviolet
region to the visible region, and the second wavelength
region may be shaped into a second spectrum having an
arbitrary wavelength width. A second two-dimensional
spectroscopic tomographic image based on the low co-
herent light in the second wavelength region having the
second spectrum obtained by the shaping may be ac-
quired, and the penetration depth of the sample light for
the measurement target may be evaluated based on the
first two-dimensional spectroscopic tomographic image
and the second two-dimensional spectroscopic tomo-
graphic image.

[0019] Alternatively, inthe light penetration depth eval-
uation method of the present invention, at the same time
as when cutting out an arbitrary wavelength region in the
ultraviolet region from low coherent light that is emitted
from a single light source and includes a wavelength re-
gion from the ultraviolet region to the visible region, a
second wavelength region different from a first wave-
length region may be cut out and the second wavelength
region may be shaped into a second spectrum having an
arbitrary wavelength width with the arbitrary wavelength
region as the first wavelength region and the spectrum
previously obtained by the shaping as a first spectrum.
A second two-dimensional spectroscopic tomographic
image may be acquired as using low coherent lightin the
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second wavelength region having the second spectrum
obtained by the shaping at the same time as when ac-
quiring the two-dimensional spectroscopic tomographic
image as a first two-dimensional spectroscopic tomo-
graphic image as using low coherent light in the first
wavelength region. The penetration depth of the sample
light for the measurement target may be evaluated based
on the first two-dimensional spectroscopic tomographic
image and the second two-dimensional spectroscopic to-
mographic image.

[0020] That is, a light penetration depth evaluation
method of the present invention is a light penetration
depth evaluation method using an optical tomography
method of splitting low coherent light into sample light
and reference light, emitting the sample light to a meas-
urement target in a line shape, generating interference
light by superimposing reflected light from the measure-
ment target due to emission of the sample light and the
reference light on each other, and acquiring a two-dimen-
sional spectroscopic tomographic image of the measure-
ment target by spectroscopically detecting the interfer-
ence light and performing frequency analysis. The light
penetration depth evaluation method may include: cut-
ting out an arbitrary wavelength region from low coherent
light, whichis emitted from a single light source and which
includes a wavelength region from an ultraviolet region
to a visible region, and shaping the arbitrary wavelength
region into a spectrum having single or plural arbitrary
wavelength widths to acquire a first two-dimensional
spectroscopic tomographic image, which is based on low
coherent light in a first wavelength region in an ultraviolet
region, and a second two-dimensional spectroscopic to-
mographic image, which is based on low coherent light
in a second wavelength region different from the first
wavelength region or based on low coherent light in the
first wavelength region having a light amount different
from the low coherent light in the first wavelength region,
simultaneously or sequentially; and evaluating a pene-
tration depth of the sample light for the measurement
target based on the first two-dimensional spectroscopic
tomographic image and the second two-dimensional
spectroscopic tomographic image.

[0021] In order to acquire the OCT signal, it is neces-
sary to handle light having a wavelength width instead
ofasingle wavelength. Here, itis preferable thatthe spec-
trum of light, which is cut out for OCT measurement (ac-
quisition of a two-dimensional spectroscopic tomograph-
ic image) and is shaped to arbitrary wavelength and
wavelength width, is Gaussian distribution.

[0022] In this specification, the ultraviolet region refers
to a wavelength range of 200 nm or more and 400 nm or
less, and the visible region refers to a wavelength range
exceeding 400 nm and equal to or less than 780 nm.
However, in this specification, the light in the ultraviolet
region thatis used for measurement and has an arbitrary
wavelength width refers to light having a center wave-
length in the range of 200 nm or more and 400 nm or
less,and the lightin the visible region refers tolighthaving
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a center wavelength exceeding 400 nm and equal to or
less than 780 nm.

[0023] Thatis, the wavelength region cut out from the
low coherent light emitted from the light source is regard-
ed as a wavelength region in the ultraviolet region if the
peak wavelength obtained by shaping is in the ultraviolet
region, and is regarded as a wavelength region in the
visible region if the peak wavelength is in the visible re-
gion.

[0024] Evaluation of the light penetration depth means
acquiring information regarding the light penetration
depth, which includes at least one of calculation of the
light penetration depth based on calculation using an op-
tical tomographic image (data), measurement (visual
measurement) of the light penetration depth by visual
observation from an optical tomographic image, or com-
parison of the light penetration depth between a plurality
of optical tomographic images.

[0025] For the center wavelength and the wavelength
width of light, when the spectrum is fitted by the following
equation, xq is the center wavelength and width is the
wavelength width.

y = yo + Ae x p(-((x - xo)/(width))?)

[0026] The second wavelength region may be a wave-
length region in the ultraviolet region, or may be a wave-
length region in the visible region.

[0027] A performance test method of the present in-
vention is a performance test method for testing a per-
formance of chemicals by evaluating a penetration depth
of lightin an ultraviolet region before and after application
of the chemicals to human skin, which is a measurement
target, using the light penetration depth evaluation meth-
od described above.

[0028] Here, the chemicals include cosmetics, medi-
cines, and quasi-drugs.

[0029] An opticaltomography apparatus of the present
invention comprises: a light source unit that has a single
light source, which emits low coherent light including a
wavelength region from an ultraviolet region to a visible
region, and a spectrum shaping unit, which cuts an arbi-
trary wavelength region in the ultraviolet region from light
emitted from the light source and shapes the arbitrary
wavelength region into a spectrum having an arbitrary
wavelength width, and that emits low coherent light after
the spectrum shaping; a light splitting unit that splits the
low coherent light emitted from the light source unit into
sample light and reference light; a sample light emission
optical system that emits the sample light to a measure-
ment target in a line shape; a multiplexing unit that su-
perimposes reflected light from the measurement target
when the sample light is emitted to the measurement
target and the reference light on each other; an interfer-
ence light detection unit that spectroscopically detects
interference light between the reflected light and the ref-
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erence light multiplexed by the multiplexing unit; and a
tomographic image acquisition unit that acquires a two-
dimensional spectroscopic tomographic image of the
measurement target by performing frequency analysis
of the interference light detected by the interference light
detection unit.

[0030] Itis preferable that the optical tomography ap-
paratus of the present invention further comprises a
measurement unit that calculates a penetration depth of
the sample light for the measurementtarget from the two-
dimensional spectroscopic tomographic image.

[0031] It is preferable that, at the same time as when
cutting out an arbitrary wavelength region in the ultravi-
oletregion from low coherentlightincluding a wavelength
region from the ultraviolet region to the visible region and
shaping the arbitrary wavelength region into a spectrum
having an arbitrary wavelength width, the spectrum shap-
ing unit cuts out a second wavelength region different
from a first wavelength region and shapes the second
wavelength region into a second spectrum having an ar-
bitrary wavelength width with the arbitrary wavelength
region as the first wavelength region and the previously
shaped spectrum as a first spectrum. It is preferable that
the tomographic image acquisition unit acquires a sec-
ond two-dimensional spectroscopic tomographic image
as using low coherent light in the second wavelength
region having the second spectrum at the same time as
when acquiring the two-dimensional spectroscopic tom-
ographic image as a first two-dimensional spectroscopic
tomographic image as using low coherent light in the first
wavelength region.

[0032] It is preferable that the optical tomography ap-
paratus of the present invention comprises a display unit
that displays the two-dimensional spectroscopic tomo-
graphic image.

[0033] In addition, itis preferable that the sample light
emission optical system comprises a variable neutral
density filter.

[0034] It is possible to adopt a configuration in which
the sample light emission optical system comprises a
cylindrical lens and a cylindrical lens disposed perpen-
dicular to the cylindrical lens is provided between the
multiplexing unit and the interference light detection unit.
[0035] It is preferable that the light source is a super
continuum light source.

[0036] The light penetration depth evaluation method
of the present invention is to acquire a two-dimensional
spectroscopic tomographic image as using low coherent
light, which is obtained by cutting out an arbitrary wave-
length region in the ultraviolet region and performing
spectrum shaping, and evaluate the depth of penetration
of ultraviolet light into the measurement target from the
two-dimensional spectroscopic tomographic image.
Therefore, it is possible to evaluate the light penetration
depth for the measurement target in a non-destructive
and non-invasive manner.

[0037] According to the performance test method us-
ing the light penetration depth evaluation method of the
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present invention, the ultraviolet protection capability of
chemicals can be tested in a non-destructive and non-
invasive manner for the measurement target.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

Fig. 1 is a schematic diagram showing the overall
configuration of an optical tomography apparatus ac-
cording to an embodiment of the present invention.
Fig. 2 is a diagram showing the profile of light that is
output from a light source and that includes a wave-
length region from an ultraviolet region to a visible
region.

Fig. 3 is a diagram showing a Gaussian distribution
spectrum shaped by cutting out a specific wave-
length region in an ultravioletregion from light having
the profile shown in Fig. 2.

Fig. 4A is a two-dimensional spectral image of hu-
man skin captured at 450 nm, and Figs. 4B to 4D
are two-dimensional spectral images of human skin
captured at 397 nm (Fig. 4D is a case where a glass
plate coated with an ultraviolet inhibitor is inserted
on the optical path of ultraviolet light between the
human skin and an apparatus).

Fig. 5Ais a cross-sectional view of a two-layer struc-
ture that is a measurement target, and Fig. 5B is a
two-dimensional spectroscopic tomographic image
of the cover glass shown in Fig. 5A.

Fig. 6 is a diagram showing a Gaussian distribution
spectrum shaped by cutting out two different wave-
length regions in an ultraviolet region from light hav-
ing the profile shown in Fig. 2.

Fig. 7Ais a spectroscopic tomographicimage of cov-
er glass that is acquired as using light having a spec-
trum of 384 = 4 nm based on simultaneous and
same-place measurement, and Fig. 7B is a spectro-
scopic tomographic image of cover glass that is ac-
quired as using light having a spectrum of 396 + 8
nm based on simultaneous and same-place meas-
urement.

Fig. 8A is a spectroscopic tomographic image of pa-
per that is acquired as using light having a spectrum
of 384 = 4 nm based on simultaneous and same-
place measurement, and Fig. 8B is a spectroscopic
tomographicimage of paper thatis acquired as using
light having a spectrum of 396 = 8 nm based on
simultaneous and same-place measurement.

Fig. 9A is a spectroscopic tomographic image of pa-
per that is acquired with the amount of emitted light
of 6 wW as using light having the same wavelength
region in the ultraviolet region, Fig. 9B is a spectro-
scopic tomographic image of paper that is acquired
with the amount of emitted light of 2 wW as using
light having the same wavelength region in the ultra-
violet region, and Fig. 9C is a spectroscopic tomo-
graphic image of paper that is acquired with the
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amount of emitted light of 1 wW as using light having
the same wavelength region in the ultraviolet region.
Fig. 10A is a spectroscopic tomographic image cap-
tured before applying cosmetics to the model skin,
and Fig. 10B is a spectroscopic tomographic image
captured after applying cosmetics to the model skin.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0039] Hereinafter, embodiments of an optical tomog-
raphy apparatus and a light penetration depth evaluation
method of the present invention will be described with
reference to the diagrams.

[0040] Fig. 1 is a diagram schematically showing the
overall configuration of an optical tomography apparatus
1 according to an embodiment of the present invention.
As shown in Fig. 1, the optical tomography apparatus 1
of the present embodiment has: a light source unit 10
that emits low coherent light LO; a light splitting unit 3 that
splits the low coherent light Ly emitted from the light
source unit 10 into sample light L and reference light L,;
a sample light emission optical system 20 for emitting
the sample light L, to a measurement target S (in this
case, human skin) in a line shape; a multiplexing unit 4
for superimposing reflected light L3 from the measure-
ment target S when the sample light L is emitted to the
measurement target S on the reference light L,; an in-
terference light detection unit 30 that spectroscopically
detects interference light L, between the reflected light
L; and the reference light L, multiplexed by the multi-
plexing unit 4; a tomographic image acquisition unit 40
that acquires a two-dimensional spectroscopic tomo-
graphic image of the measurement target by performing
frequency analysis of the interference light detected by
the interference light detection unit 30; and an image dis-
play device 50 for displaying the two-dimensional spec-
troscopic tomographic image.

[0041] Thelightsource unit 10 has a single light source
11 that emits light including a wavelength region from an
ultraviolet region to a visible region and a spectrum shap-
ing unit 12 that cuts out an arbitrary wavelength region
in atleast the ultraviolet region from the light emitted from
the light source 11 and shapes the arbitrary wavelength
region into the Gaussian distribution spectrum of single
or plural arbitrary wavelength widths, and emits the low
coherent light L spectrally shaped in an arbitrary wave-
length region.

[0042] As the light source 11, a white light source (su-
per continuum light source) that emits super continuum
(SC) light is suitable.

[0043] The spectrum shaping unit 12 cuts out an arbi-
trary wavelength region from light in a broad band includ-
ing the entire ultraviolet to visible region that is emitted
from the light source 11, and shapes the arbitrary wave-
length region into the Gaussian distribution spectrum of
single or plural arbitrary wavelength widths. Specifically,
a color filter can be used. The wavelength region cut out
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by the spectrum shaping unit 12 may be only the wave-
length in the ultraviolet region, or may include both the
ultraviolet region and the visible region. The region to be
cut out may not be a continuous region but may be a
plurality of regions separated from each other. The spec-
trum shaping unit 12 generates a spectrum having at
least one peak in the ultraviolet region, such as a spec-
trum having one or more (for example, two) peaks of the
wavelength in the ultraviolet region or a spectrum having
a peak in the ultraviolet region and a peak in the visible
region. In a spectrum having a plurality of peaks, it is
preferable that each peak forms a Gaussian distribution
spectral shape. In order to obtain such a spectrum, a
multiple wavelength simultaneous transmission filter
having a transmission spectrum of a plurality of peaks
may be used as the spectrum shaping unit 12.

[0044] Here, the spectrum of the wavelength region
cut out by the spectrum shaping unit 12 is shaped into
the Gaussian distribution spectrum. However, in a spec-
trum shaping unit, shaping into low coherent light having
a spectral shape suitable for spectroscopic tomographic
image acquisition is sufficient, and the shape of the spec-
trum after shaping is not limited to the Gaussian distri-
bution spectrum.

[0045] By using coherent light of a spectrum having a
plurality of peaks, spectroscopic tomographic images
based on low coherent light beams with different peak
wavelengths can be simultaneously obtained. As aresult,
a plurality of spectroscopic tomographic images of a de-
sired combination, such as spectroscopic tomographic
images based on low coherent light beams with different
peak wavelengths in the ultraviolet region or spectro-
scopic tomographic images based on low coherent light
beams in the ultraviolet region and the visible region can
be simultaneously obtained, and light penetration at each
wavelength, a difference in light penetration depth due
to wavelength difference, and the like can be evaluated.
[0046] The intensity of the SC light in the UV range is
very small, and the light intensity significantly decreases
as the wavelength decreases. For this reason, it is not
possible to obtain a Gaussian distribution waveform just
by cutting unnecessary light, such as the visible region,
with a sharp cut filter. On the other hand, it is possible to
obtain a Gaussian distribution waveform by gradually
shaping the spectrum by superimposing several filters
having a gentle transmittance spectrum. However, due
to the loss of light amount due to reflection from the top
and bottom surfaces of each filter, the light intensity sig-
nificantly decreases if several filters are superimposed.
For this reason, this is not suitable for OCT measurement.
Therefore, itis preferable to specially prepare a filter hav-
ing a transmittance spectrum so as to have a Gaussian
distribution waveform with only one filter, corresponding
to the spectrum of the light source.

[0047] The larger the wavelength width of the light
source, the better in terms of the resolution of the OCT.
However, if the wavelength width of the light source is
too large, comparison when changing the wavelength is
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difficult. As a measure of the wavelength width, about
several nm to 100 nm is preferable.

[0048] A specific example will be described. Super
continuum light is light including wavelengths ranging
from the entire ultraviolet to visible region. For example,
the profile of the super continuum light in the wavelength
region equal to or less than 460 nm is shown in Fig. 2.
The super continuum light used herein has a relatively
high intensity at 400 nm or more. However, the intensity
in the wavelength region of 400 nm or less is extremely
low, and corresponds to the skirt portion of the profile.
[0049] Fig. 3 shows a Gaussian distribution spectral
shape having a peak wavelength at 397 nm and a wave-
length width of 5 nm from the light shown in Fig. 2. In Fig.
3, the solid line shows an actual spectral shape, and the
broken line shows an ideal Gaussian distribution. As
shown in Fig. 3, the spectral shape obtained by shaping
is not a perfect Gaussian distribution but a shape along
the approximate Gaussian distribution. In this specifica-
tion, for example, the spectrum having a peak wave-
length of 397 nm and a wavelength width of 5 nm may
be expressed as a spectrum of 397 = 5 nm.

[0050] In the tomography apparatus of the present in-
vention, it is possible to acquire a two-dimensional spec-
troscopic tomographic image as using low coherent light
showing the Gaussian distribution spectrum in the ultra-
violet region as shown in Fig. 3.

[0051] In the present embodiment, the light splitting
unit 3 that separates the low coherent light L, emitted
from the light source unit 10 into the sample light L, and
the reference light L, is formed by a quartz plate, and the
light splitting unit 3 also functions as the multiplexing unit
4 that multiplexes the reflected light L5 of the sample light
L4, which is emitted to the measurement target S, and
the reference lightL,. The quartz plate 3 (4) is configured
such that the low coherent light L is incident on the in-
cidence surface at a predetermined incidence angle (for
example, 45°) that is not 0°, light reflected on the inci-
dence surface of the low coherent light L, incident on the
incidence surface of the quartz plate 3 (4) is emitted to
the measurement target S as the sample light L;, and
light transmitted through the quartz plate 3 (4) of the low
coherent light L incident on the incidence surface is in-
cident on a reflecting member 6 as the reference light L,.
[0052] As the light splitting unit 3 and the multiplexing
unit 4, it is also possible to use a general beam splitter,
half mirror, and the like. However, since the quartz plate
is inexpensive and the reflected light is very low as about
4%, it is possible to suppress irritation to human skin by
using the reflected light as sample light, which is very
preferable.

[0053] Since a large refractive index dispersion occurs
in light that is incident from a direction not perpendicular
to the incidence surface of the quartz plate 3 (4) and is
emitted from the emission surface opposite to the inci-
dence surface, a quartz plate 5 for dispersion compen-
sation is disposed on the optical path of the sample light
L4. The quartz plate 5 for dispersion compensation has
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the same shape as the quartz plate 3 thatis a light splitting
unit, and is disposed approximately in parallel to the
quartz plate 3.

[0054] The sample light emission optical system 20 is
provided between the quartz plate 3 (4) and the meas-
urement target S. The sample light emission optical sys-
tem 20 includes a cylindrical lens 21. By the cylindrical
lens 21, the sample light L is emitted in a line shape
extending in a direction y of one axis (depth direction of
the page in Fig. 1) on the surface of the measurement
target S. As the cylindrical lens 21, for example, a cylin-
drical lens having a focal length f = 75 mm is provided.
By emitting the sample light L, in a line shape, it is pos-
sible to acquire a two-dimensional tomographic image
by single exposure in a short period of time.

[0055] The sample light emission optical system 20
may include other optical systems, such as a polarizer
and a zoom lens (not shown).

[0056] The sample light emission optical system 20 in-
cludes a variable neutral density (ND) filter 28, so that it
is possible to arbitrarily change the amount of sample
light to be emitted to the measurement target.

[0057] By cutting out arbitrary wavelengths in the ul-
traviolet region to obtain a Gaussian distribution spec-
trum and then acquiring a two-dimensional tomographic
image by increasing or decreasing the amount of sample
light for the same Gaussian distribution spectrum, it is
possible to evaluate the penetration depth of ultraviolet
lightateach lightamount or a difference in the penetration
depth of ultraviolet light due to a difference in light
amount.

[0058] In a case where the evaluation of the penetra-
tion depth due to the difference in light amount is not
performed, the optical tomography apparatus may be
configured not to include the variable ND filter. Even in
a case where no variable ND filter is provided, it is pref-
erable to provide an ND filter for attenuating the fixed
amount of light so as to reduce the amount of ultraviolet
light to such an extent that the ultraviolet light does not
harm the human body.

[0059] The reflecting member 6 is, for example, a mir-
ror, and is disposed so as to reflect the reference light L,
separated by the light splitting unit 3 to the multiplexing
unit 4 side.

[0060] The multiplexing unit 4 multiplexes the refer-
ence light L, reflected by the reflecting member 6 and
the reflected light L from the measurement target S and
emits the obtained light to the interference light detection
unit side. As described above, in the present embodi-
ment, the multiplexing unit 4 is formed by a quartz plate
that also serves as the light splitting unit 3.

[0061] In order to improve the coherence between the
reference light L, and the reflected light L5, itis necessary
that the optical path length, through which the reference
light L, and the reflected light L3 have passed, or the
wavelength dispersion characteristic is the same. There-
fore, in the present embodiment, for example, a cylindri-
cal lens 25 of f = 75 mm, which is the same as the cylin-



13 EP 3 213 690 B1 14

drical lens 21 disposed on the optical path of the sample
light L4 (and the reflected light L3), is disposed on the
optical path of the reference light L,. The reflected light
L3, which is reflected from the measurement target S to
return to the multiplexing unit 4, of the sample light L,
emitted to the measurement target S is so small. There-
fore, in order to ensure the symmetry between the inten-
sity of the reference light L, and the intensity of the re-
flected light L3, a neutral density filter (ND filter) 27 for
reducing the intensity of the reference lightL, is provided
on the optical path of the reference light L.

[0062] The interference lightdetection unit 30 spectral-
ly separates the interference light L, between the reflect-
ed light L5 and the reference light L, multiplexed by the
multiplexing unit 4 and detects the interference light L,
for each wavelength component, and includes a spec-
troscope 31 for splitting the interference light L, and a
two-dimensional photodetector 32.

[0063] As the spectroscope 31, various known tech-
niques can be used. For example, the spectroscope 31
can be formed as using a diffraction grating or the like.
The photodetector 32 is, for example, a two-dimensional
photosensor in which light receiving elements, such as
charge coupled devices (CCD) or photodiodes, are ar-
ranged in a two-dimensional manner. A method may also
be considered in which the interference light L, is split
by a beam splitter or the like and a plurality of spectro-
scopes or a plurality of CCDs are provided for each of
split light beams to simultaneously measure the spectral
information.

[0064] Between the multiplexing unit 4 and the inter-
ference light detection unit 30, a cylindrical lens (focal
distance f = 150 mm in this example) 26 and an imaging
lens (focal distance f = 50 mm) 35 are provided as an
optical system for guiding the interference light L, to the
interference light detection unit 30.

[0065] The cylindrical lens 26 is an objective lens in
the y direction disposed such that the axis of the cylinder
in the longitudinal direction is perpendicular to the cylin-
drical lens 21 for performing linear emission that is dis-
posed in the sample light emission optical system 20.
[0066] Light receiving elements of the XY-axis two-di-
mensional photosensor forming the photodetector 32 are
arranged in the XY direction schematically shown in the
photodetector 32 in Fig. 1, and the spectroscope 31 is
disposed such that the interference light L, is spectrally
separated and the amount of light for each wavelength
is detected by light receiving elements arranged in the
X-axis direction on the two-dimensional photosensor. In
the two-dimensional photosensor, interference light due
to reflected light for each line direction (y direction) posi-
tion of the line-shaped sample light on the measurement
surface is incident on the light receiving elements ar-
ranged in the Y-axis direction. It is possible to obtain in-
formation in the depth direction (z direction) by perform-
ing a Fourier transform (FT) of light in the x direction
compressed by the cylindrical lens 21. That is, in the op-
tical tomography apparatus 1, since light beams having
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information in one direction (y direction) and depth direc-
tion (z direction) on the surface of the measurement tar-
get are simultaneously incident on the two-dimensional
photosensor, it is possible to acquire an yz two-dimen-
sional spectroscopic tomographic images with one ex-
posure (one shot).

[0067] The tomographic image acquisition unit 40 is
formed by, for example, a personal computer and a com-
puter program. The tomographic image acquisition unit
40 acquires reflection information at the depth position z
of the measurement target S by performing frequency
analysis of the interference light L, detected by the inter-
ference light detection unit 30, thereby obtaining a two-
dimensional spectroscopic tomographic image. The to-
mographic image acquisition unit 40 acquires the reflec-
tion information at the depth position z of the measure-
ment target S by converting the wavelength into a wave
number in the intensity spectrum for each wavelength
detected from the light receiving elements arranged in
the X-axis direction of the two dimensional photosensor
and performing a Fourier transform. In this operation, the
depth z can be obtained by FT of the wave number. How-
ever, since the depth z at this time is the optical path
length corresponding to the refractive index 1, it is nec-
essary to consider the refractive index for the display of
the depth z.

[0068] The optical tomography apparatus 1 includes
an image display device (display unit) 50 for displaying
a spectroscopic tomographic image. The image display
device 50 can be formed by a liquid crystal display or the
like, and the observer can evaluate the depth of light pen-
etration into the measurement target by displaying the
spectroscopic tomographic image of the measurement
target on the image display device 50. Simultaneously
displaying the scale on the spectroscopic tomographic
image or in the vicinity of the image makes it easy to
visually measure the light penetration depth. The image
display device 50 may display the light penetration depth
obtained by a measurement unit, which will be described
later, simultaneously with the spectroscopic tomographic
image or in a sequential manner. The image display de-
vice 50 may simultaneously display spectroscopic tom-
ographic images acquired by coherent light beams hav-
ing different light amounts or different wavelengths that
have been acquired simultaneously or sequentially. By
simultaneously displaying a plurality of spectroscopic to-
mographic images, it is possible to easily evaluate a dif-
ference in light penetration depth between the plurality
of spectroscopic tomographic images.

[0069] In the optical tomography apparatus of the
present invention, it is preferable to provide a measure-
ment unit for measuring the penetration depth of light
from the spectroscopic tomographic image (data). In ad-
dition, the measurement unit may be configured to cal-
culate a difference in penetration depth of light between
a plurality of spectroscopic tomographic images. Similar
to the tomographic image acquisition unit, the measure-
ment unit can be formed by a personal computer and a
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program installed into the computer.

[0070] The optical tomography apparatus of the
present invention is a spectral domain (SD) type appa-
ratus using a broadband white light source. Due to the
optical tomography apparatus of the present invention,
it is possible for the first time to realize capturing of a two-
dimensional spectroscopic tomographic image in the ul-
travioletregionin a non-destructive and non-invasive nat-
ural state (in-vivo, in-situ) for keratin, epidermis, and up-
per dermis of human skin. Since the depth distribution
can be acquired from the spectrum, a mechanical scan
for changing the optical path length is not necessary un-
like a time domain (TD) type. By adopting the cylindrical
lens of the emission optical system, the emission of sam-
ple light on the measurement surface is performed in a
line shape. In addition, an objective lens of a cylindrical
lens perpendicular thereto is provided. Therefore, scan-
ning in the surface direction at the time of acquiring the
two-dimensional spectroscopic tomographic image is not
necessary. Since an optical tomographic image can be
acquired by one emission of line-shaped sample light
without performing a scan using sample light, it is also
possible to measure a blurred sample such as human
skin.

[0071] Inaddition, itis possible to acquire atomograph-
ic image by easily extracting light in an arbitrary wave-
length region in the ultraviolet region from the light emit-
ted from the white light source as using the spectrum
shaping unit.

[0072] By acquiring a two-dimensional spectroscopic
tomographic image as using ultraviolet light, itis possible
to evaluate the penetration depth of ultraviolet light for
the measurement target. In addition, by acquiring optical
tomographic images in other wavelength regions (ultra-
violet region or visible region) simultaneously or sequen-
tially, it is possible to evaluate the difference in penetra-
tion depth due to wavelength by comparing the both.
[0073] An embodiment of a light penetration depth
evaluation method of the present invention using the op-
tical tomography apparatus of the present embodiment
will be described.

[0074] The light penetration depth evaluation method
of the first embodiment is a method of cutting out an ar-
bitrary wavelength region in the ultraviolet region from
low coherent light, which is emitted from the single light
source 11 and which includes a wavelength region from
an ultraviolet region to a visible region, and shaping the
arbitrary wavelength region into a spectrum having an
arbitrary wavelength width, splitting the low coherent light
L, having the shaped spectrum into the sample light L,
and the reference light L,, emitting the sample light L, to
the measurementtarget S in a line shape, generating the
interference light L, by superimposing the reflected light
L, from the measurement target S due to emission of the
sample light L4 and the reference light L, on each other,
acquiring a two-dimensional spectroscopic tomographic
image of the measurement target S by spectroscopically
detecting the interference light L, and performing fre-
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quency analysis, and evaluating the penetration depth
of the sample light L for the measurement target S based
on the acquired two-dimensional spectroscopic tomo-
graphic image.

[0075] The light penetration depth can be evaluated,
for example, by displaying a spectroscopic tomographic
image on the image display device. As described above,
if the scale is displayed on or in the vicinity of the two-
dimensional spectroscopic tomographic image, it is pos-
sible to measure the penetration depth (how deep a re-
gion (region from which light returns after reaching the
inside) having a signal is in the tomographic image) by
visual observation. Alternatively, the penetration depth
may be measured from the two-dimensional tomographic
image (data) by calculation.

[0076] A light penetration depth evaluation method of
a second embodiment will be described. The light pen-
etration depth evaluation method of the second embod-
iment is a method of first acquiring a two-dimensional
spectroscopic tomographic image, which is obtained by
low coherent light in an arbitrary wavelength region in
the ultraviolet region having a shaped spectrum, as a first
two-dimensional spectroscopic tomographicimagein the
same manner as in the evaluation method of the first
embodiment described above, acquiring a second two-
dimensional spectroscopic tomographic image by
changing the amount of low coherent light in the same
wavelength region, and evaluating the penetration depth
of sample light for the measurement target based on the
first two-dimensional spectroscopic tomographic image
and the second two-dimensional spectroscopic tomo-
graphic image.

[0077] The light penetration depth can be evaluated in
the same manner as in the case of the first embodiment.
In addition, by simultaneously displaying the firstand sec-
ond two-dimensional spectroscopic tomographicimages
on the image display device, it is possible to easily rec-
ognize the difference in penetration depth between both
images by visual observation. Quantitative discussion of
what % of UV light should be cut to prevent ultraviolet
light from penetrating beyond a certain depth of skin or
film can be made by evaluating the difference in pene-
tration depth due to the amount of ultraviolet light.
[0078] A light penetration depth evaluation method of
a third embodiment will be described. The light penetra-
tion depth evaluation method of the third embodiment is
a method of setting, as a first wavelength region, an ar-
bitrary wavelength region in the ultraviolet region having
a shaped spectrum in the evaluation method of the first
embodiment described above, acquiring a two-dimen-
sional spectroscopic tomographic image based on low
coherent light in the first wavelength region as a first two-
dimensional spectroscopic tomographic image, cutting
out a second wavelength region, which is different from
the first wavelength region, from low coherentlight, which
is emitted from a single light source and which includes
awavelength region from an ultraviolet region to a visible
region, and shaping the second wavelength region into
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a spectrum having an arbitrary wavelength width, acquir-
ing a second two-dimensional spectroscopic tomograph-
icimage based on low coherent light in the second wave-
length region, and evaluating the penetration depth of
each sample light beam for the measurement target
based on the first two-dimensional spectroscopic tomo-
graphic image and the second two-dimensional spectro-
scopic tomographic image.

[0079] A light penetration depth evaluation method of
a fourth embodiment will be described. The light pene-
tration depth evaluation method of the fourth embodiment
is a method of cutting out a second wavelength region
different from the first wavelength region and shaping the
second wavelength region into a second spectrum hav-
ing an arbitrary wavelength width at the same time as
when cutting out an arbitrary wavelength region in the
ultraviolet region from low coherentlight, which is emitted
from the single light source and which includes a wave-
length region from an ultraviolet region to a visible region,
as the first wavelength region in the evaluation method
of the first embodiment, acquiring a second two-dimen-
sional spectroscopic tomographic image as using the low
coherent light in the second wavelength region having
the second spectrum at the same time as when acquiring
the two-dimensional spectroscopic tomographic image
as afirsttwo-dimensional spectroscopic tomographicim-
age as using the low coherent light in the first wavelength
region in the evaluation method of the first embodiment,
and evaluating the penetration depth of each sample light
beam for the measurement target based on the first two-
dimensional spectroscopic tomographic image and the
second two-dimensional spectroscopic tomographic im-
age.

[0080] Inthe third embodiment, two-dimensional spec-
troscopic tomographic images are sequentially acquired
as using low coherent light beams with different wave-
length regions. Meanwhile, the fourth embodiment is dif-
ferent from the third embodiment in that two-dimensional
spectroscopic tomographic images are acquired simul-
taneously, but the same images can be acquired as the
first and second two-dimensional spectroscopic tomo-
graphic images.

[0081] In the third and fourth embodiments, the light
penetration depth can be evaluated in the same manner
as in the case of the first embodiment. In addition, by
simultaneously displaying the first and second two-di-
mensional spectroscopic tomographic images on the im-
age display device, it is possible to easily recognize the
difference in penetration depth between both images by
visual observation. By evaluating the difference in pen-
etration depth due to the difference in the wavelength
region, it is possible to present guidelines for cosmetics
or the like so that unwanted light is cut but other light
beams are not cut. For example, a cosmetic product that
cuts UV light and captures visible light into the skin with-
out cutting the visible light can be mentioned.

[0082] Inthe third and fourth embodiments, the second
wavelength region may be either an ultraviolet region or
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a visible region as long as the second wavelength region
is a wavelength region different from the first wavelength
region.

[0083] Figs. 4A to 4D are spectroscopic tomographic
images of human skin obtained by using a spectrum that
is shaped by cutting out a predetermined wavelength re-
gion from super continuum lightin the optical tomography
apparatus of the present embodiment. In Fig. 4A, a spec-
troscopic tomographic image of human skin was ac-
quired by using low coherent light having a Gaussian
distribution spectrum with a peak wavelength of 450 nm
and a wavelength width of 20 nm. In Figs. 4B to 4D, a
spectroscopic tomographic image of human skin was ac-
quired by using low coherent light having a Gaussian
distribution spectrum with a peak wavelength of 397 nm
and a wavelength width of 5 nm.

[0084] Figs. 4A, 4B, and 4C are images obtained by
direct imaging of human skin, and Fig. 4D is an image
obtained by imaging human skin in a state in which a
glass plate coated with ultraviolet absorber is disposed
on the optical path of sample light between the OCT ap-
paratus and the human skin. The images shown in Figs.
4A, 4B, 4C, and 4D were captured at different times, but
were not acquired at the same time. In Figs. 4B and 4C,
measurement was performed under the same condi-
tions.

[0085] From Figs. 4A, 4B, and 4C, it can be seen that
the amount of ultraviolet light returning from the inside of
the skin is smaller than the amount of visible light return-
ing from the inside of the skin and that the light scatters
back to the depth of about 100 um. It is thought that a
reduction in the amount of light returning from the inside
of the skinis due to the influence of absorption by melanin
pigment present in the epidermis. Since ultraviolet light
reaching the inside of the skin damages the skin, devel-
opment of products that reduce the amount of light inci-
dent on the skin has been required for cosmetic devel-
opment.

[0086] From Fig.4D, itcan be seen that ultraviolet light
is blocked by arranging the UV absorber in the optical
path and accordingly the UV light is prevented from being
incident on the inside of the skin.

[0087] In the time domain type imaging apparatus,
since scanning in the depth direction is mechanically per-
formed, it takes several minutes to acquire a two-dimen-
sional spectroscopic tomographic image. For this rea-
son, ithas been impossible to obtain a good tomographic
image of a measurement target causing blurring or vi-
bration, such as human skin. In the optical tomography
apparatus of the present invention, since it is possible to
perform imaging with an extremely short (for example,
20 ms) exposure, it is possible to acquire a good optical
tomographic image of the actual human skin.

[0088] The measurementtargetofthe apparatus ofthe
present invention is not limited to human skin, and the
apparatus of the present invention can also be used to
obtain material distribution information in the thickness
direction of a thin film material or the like.
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[0089] A case where the measurement target is cover
glass will be described with reference to Figs. 5A and
5B. Fig. 5A is a cross-section of cover glass 100 to be
measured. The cover glass 100 has a two-layer structure
in which two sheets of cover glass 101 having a thickness
of 170 wm are superimposed with a matching oil inter-
posed therebetween. When sample lightis made incident
from a top surface 102 of the cover glass 100, reflected
light is generated on the top surface 102 and a bottom
surface 103.

[0090] Fig. 5B is a two-dimensional spectroscopic to-
mographic image of the cover glass 101 acquired with
an exposure time of 1 s as using a Gaussian distribution
spectrum, which is shaped by cutting out a wavelength
in the ultraviolet region from super continuum light and
has a peak wavelength of 397 nm and a wavelength width
of 5 nm, in the optical tomography apparatus of the
present embodiment. As shown in Fig. 5B, the positions
of the top and bottom surfaces of the cover glass are
shown clearly in white, and the thickness of 340 pum can
be measured. Although this diagram is a cover glass
measurement result, it is naturally possible to measure
the film.

[0091] Assuming that the measurement target is an
ultraviolet absorbing film or the like, the amount of reflec-
tion on the bottom surface decreases as the amount of
ultraviolet light absorbed therein increases. Therefore, it
is possible to evaluate the effect from the two-dimension-
al tomographic image. Depending on whether or not the
bottom surface reflection of the film is visible, itis possible
to evaluate whether or not UV light penetrates up to the
depth (film thickness).

[0092] A specificexample ofthe light penetration depth
evaluation method of the fourth embodiment will be de-
scribed in which the light penetration depth is evaluated
by acquiring a plurality of spectroscopic tomographic im-
ages of the same place at the same time as using a spec-
trum having a plurality of different wavelength regions.
[0093] First, Fig. 6 shows a spectrum shaped by cutting
out two different wavelength regions in the ultraviolet re-
gion from light having the profile shown in Fig. 2.
[0094] The spectrum shown in Fig. 6 includes a spec-
trum having a center wavelength of 384 nm and a wave-
length width of 4 nmin a first wavelength region from 373
nm to 389 nm in wavelength and a spectrum having a
center wavelength of 396 nm and a wavelength width of
8 nm in a second wavelength region from 389 nm to 410
nm in wavelength.

[0095] By acquiring a spectroscopic tomographic im-
age from each interference spectrum of light in two wave-
length regions as described above, it is possible to ac-
quire tomographic images having different wavelength
regions at the same time by one measurement.

[0096] Figs. 7A and 7B show spectroscopic tomo-
graphic images of cover glass acquired by performing
simultaneous and same-place measurement as using
light in two different wavelength regions in the ultraviolet
region shown in Fig. 6 with the cover glass as a meas-
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urement target. Fig. 7A is a spectroscopic tomographic
image acquired as using a spectrum of 384 = 4 nm, and
Fig. 7B is a spectroscopic tomographic image acquired
as using a spectrum of 396 = 8 nm.

[0097] The thickness of the cover glass is 170 nm. In
each spectroscopic tomographic image, the upper line
of two white lines is due to top surface reflection of the
cover glass, and the lower line is due to bottom surface
reflection of the cover glass. In both images, the distance
between the two white lines is about 170 nm, which is
almost equal to the thickness of the cover glass. There-
fore, it was theoretically confirmed that a tomographic
image could be correctly measured even in the multi-
wavelength simultaneous measurement.

[0098] Figs. 8A and 8B show spectroscopic tomo-
graphicimages of paper (business card) acquired by per-
forming simultaneous and same-place measurement as
using light in two different wavelength regions in the ul-
traviolet region shown in Fig. 6 with the paper as a meas-
urement target. Fig. 8A is a spectroscopic tomographic
image acquired as using a spectrum of 384 = 4 nm, and
Fig. 8B is a spectroscopic tomographic image acquired
as using a spectrum of 396 = 8 nm.

[0099] It was confirmed that simultaneous and same-
place measurement of the tomographic image of paper
could be performed at two different wavelengths in the
ultraviolet region. Although the image quality is not good
inthe measurement of the measurement number of times
N = 1, scattering from a deep region tends to be large in
the case of using light having a center wavelength of 396
nm and a wavelength width of 8 nm shown in Fig. 8B.
[0100] Inthe above explanation, an example has been
described in which simultaneous and same-place imag-
ing is performed as using two different wavelength re-
gions in the ultraviolet region. However, it is also possible
to perform simultaneous and same-place imaging as us-
ing two wavelength regions of a wavelength region in the
ultraviolet region and a wavelength region in the visible
region in the same manner as described above.

[0101] Next, a specific example of the light penetration
depth evaluation method of the third embodiment will be
described in which the light penetration depth is evalu-
ated by acquiring a plurality of spectroscopic tomograph-
ic images by changing the amount of light as using a
spectrum having the same wavelength region in the ul-
traviolet region.

[0102] Figs. 9A, 9B, and 9C are spectroscopic tomo-
graphic images that are acquired, with the each amounts
of light emitted to the measurement target to which 6 nW,
2 pW are set, and 1 pW, using light (397 = 5 nm spec-
trum) having the same wavelength region in the ultravi-
olet region when the measurement target is paper (busi-
ness card).

[0103] From Fig. 9, it was confirmed that the degree
of arrival of UV light was increased corresponding to in-
creasing the amount of light emitted to the measurement
target from 1 pW to 2 pW and 6 pW.

[0104] By using a light penetration depth measuring
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method using the optical tomography apparatus of the
present invention, it is possible to evaluate the penetra-
tion depth of ultraviolet light before and after application
of chemicals, such as cosmetics, quasi-drugs, and med-
icines, onto human skin and to examine their perform-
ances accurately.

[0105] According to the apparatus and the method of
the present invention, since arbitrary wavelengths in the
ultraviolet region can be cut out by the spectrum shaping
unit, it is also possible to quantify the effect of protection
capability of chemicals against the UV-A wavelength
(315 to 400 nm) and the UV-B wavelength (280 to 315
nm) in the ultraviolet region. In addition, by providing a
variable ND filter in the emission optical system, it is pos-
sible to adjust the amount of emission of sample light.
Accordingly, since it is possible to measure the depth of
penetration of ultravioletlight into the skin in a case where
the amount of light is changed, it is possible to quantify
the effect of protection capability of cosmetics, quasi-
drugs, and medicines for the amount of ultraviolet light.
[0106] Specifically, the results of measurement of the
UV light penetration depth before and after applying cos-
metics to the model skin will be described.

[0107] Fig. 10A shows a spectroscopic tomographic
image captured before applying cosmetics to the model
skin, and Fig. 10B shows a spectroscopic tomographic
image captured after applying cosmetics to the model
skin B. Here, the spectroscopic tomographic images
were captured as using ultraviolet light having a spectrum
of 397 = 5 nm. In Figs. 10A and 10B, surface positions
in the direction of depth z are different. In Fig. 10B, it is
estimated that a portion shining white is a reflection from
the cosmetic layer applied on the model skin surface.
Cosmetic materials contain particles that scatter light.
Accordingly, since UV light is strongly scattered by the
particles, it can be considered that a strong signal is ob-
served. On the other hand, in Fig. 10A, it was observed
that scattering and reflection on the surface of the skin
was weak and that light penetrated up to about 200 pm
in the depth direction from the surface.

[0108] Thatis, it was possible to observe that UV light
was scattered and absorbed on the surface by applying
cosmetics and accordingly light did not penetrate to the
inside.

Claims

1. A light penetration depth evaluation method using
an optical tomography method of splitting low coher-
entlight (L) into sample light (L) and reference light
(L,), emitting the sample light (L 1) to ameasurement
target (S) in a line shape, generating interference
light (L) by superimposing reflected light (L5) from
the measurement target (S) due to emission of the
sample light (L4) and the reference light (L,) on each
other, and acquiring a two-dimensional spectroscop-
ic tomographic image of the measurement target (S)
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by spectroscopically detecting the interference light
and performing frequency analysis, the method com-
prising:

cutting out an arbitrary wavelength region in an
ultraviolet region from low coherent light (L),
which is emitted from a single light source (11)
and which includes a wavelength region from an
ultraviolet region to a visible region, and shaping
the arbitrary wavelength region into a spectrum
having an arbitrary wavelength width;
acquiring the two-dimensional spectroscopic to-
mographic image as using the low coherent light
(L,) in the arbitrary wavelength region having
the spectrum; and

evaluating a penetration depth of the sample
light (L,) for the measurement target (S) based
on the two-dimensional spectroscopic tomo-
graphic image.

2. The light penetration depth evaluation method ac-
cording to claim 1,

wherein, after the two-dimensional spectro-
scopic tomographic image based on the low co-
herent light (L,,) in the arbitrary wavelength re-
gionin the ultravioletregion having the spectrum
is acquired as a first two-dimensional spectro-
scopic tomographic image, a second two-di-
mensional spectroscopic tomographic image is
acquired by changing an amount oflow coherent
light (L,) in the arbitrary wavelength region, and
the penetration depth of the sample light (L4) for
the measurement target (S) is evaluated based
on the first two-dimensional spectroscopic tom-
ographic image and the second two-dimension-
al spectroscopic tomographic image.

3. The light penetration depth evaluation method ac-
cording to claim 1,

wherein the arbitrary wavelength region in the
ultraviolet region is set as a first wavelength re-
gion, the spectrum is set as a first spectrum, and
the two-dimensional spectroscopic tomographic
image based on the low coherent light (L,) in
the arbitrary wavelength region in the ultraviolet
region is set as a first two-dimensional spectro-
scopic tomographic image,

a second wavelength region different from the
first wavelength region is cut out from low co-
herentlight (L), which is emitted from the single
light source (11) and which includes a wave-
length region from the ultraviolet region to the
visible region, and the second wavelength re-
gion is shaped into a second spectrum having
an arbitrary wavelength width,

a second two-dimensional spectroscopic tomo-
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graphic image based on the low coherent light
(L) in the second wavelength region having the
second spectrum is acquired, and

the penetration depth of the sample light (L4) for
the measurement target (S) is evaluated based
on the first two-dimensional spectroscopic tom-
ographic image and the second two-dimension-
al spectroscopic tomographic image.

4. The light penetration depth evaluation method ac-

cording to claim 1,

wherein, at the same time as when cutting out
an arbitrary wavelength region in the ultraviolet
region from low coherent light (L,) including a
wavelength region from the ultraviolet region to
the visible region and shaping the arbitrary
wavelength region into a spectrum having an
arbitrary wavelength width, a second wave-
length region different from a first wavelength
region is cut out and the second wavelength re-
gion is shaped into a second spectrum having
an arbitrary wavelength width with the arbitrary
wavelength region as the first wavelength region
and the spectrum as a first spectrum,

a second two-dimensional spectroscopic tomo-
graphicimage is acquired as using low coherent
light (L) in the second wavelength region having
the second spectrum at the same time as when
acquiring the two-dimensional spectroscopic to-
mographic image as a first two-dimensional
spectroscopic tomographic image as using low
coherentlight (L) in the first wavelength region,
and

the penetration depth of the sample light (L) for
the measurement target (S) is evaluated based
on the first two-dimensional spectroscopic tom-
ographic image and the second two-dimension-
al spectroscopic tomographic image.

The light penetration depth evaluation method ac-
cording to claim 1, further comprising:

acquiring a second two-dimensional spectro-
scopic tomographic image, which is based on
low coherent light (L,) in a second wavelength
region different from the first arbitrary wave-
length region or based on low coherent light (L)
in the first arbitrary wavelength region having a
lightamount different from the low coherent light
(L) in the first arbitrary wavelength region, si-
multaneously or sequentially; and

evaluating the penetration depth of the sample
light (L,) for the measurement target (S) based
on the first two-dimensional spectroscopic tom-
ographic image and the second two-dimension-
al spectroscopic tomographic image.
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6.

The light penetration depth evaluation method ac-
cording to any one of claims 3 to 5,

wherein the second wavelength region is an ultravi-
olet wavelength region.

The light penetration depth evaluation method ac-
cording to any one of claims 3 to 5,

wherein the second wavelength region is a visible
wavelength region.

A performance test method, comprising:

testing a performance of chemicals by evaluating a
penetration depth of light in an ultraviolet region be-
fore and after application of the chemicals to human
skin, which is a measurement target (S), as using
the light penetration depth evaluation method ac-
cording to any one of claims 1 to 7.

An optical tomography apparatus, comprising:

a light source unit (10) that has a single light
source (11), which emits low coherent light (L)
including awavelength region from an ultraviolet
region to a visible region, and a spectrum shap-
ing unit (12), which cuts an arbitrary wavelength
region in the ultraviolet region from light emitted
from the light source (11) and shapes the arbi-
trary wavelength region into a spectrum having
an arbitrary wavelength width, and that emits
low coherent light (L) after the spectrum shap-
ing;

a light splitting unit (3) that splits the low coherent
light (L,) emitted from the light source unit (10)
into sample light (L) and reference light (L,);
a sample light emission optical system (20) that
emits the sample light (L) to a measurement
target (S) in a line shape;

a multiplexing unit (4) that superimposes reflect-
ed light (Ls) from the measurement target (S)
when the sample light (L) is emitted to the
measurement target (S) and the reference light
(L) on each other;

an interference light detection unit (30) that
spectroscopically detects interference light (L)
between the reflected light (L3) and the refer-
ence light (L,) multiplexed by the multiplexing
unit (4); and

a tomographic image acquisition unit (40) that
acquires a two-dimensional spectroscopic tom-
ographic image of the measurement target (S)
by performing frequency analysis of the interfer-
ence light detected by the interference light de-
tection unit (30).

10. The optical tomography apparatus according to

claim 9, further comprising:
a measurement unit that calculates a penetration
depth of the sample light (L) for the measurement
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target (S) from the two-dimensional spectroscopic
tomographic image.

The optical tomography apparatus according to
claim 9 or 10,

wherein, at the same time as when cutting out
an arbitrary wavelength region in the ultraviolet
region from low coherent light (L,) including a
wavelength region from the ultraviolet region to
the visible region and shaping the arbitrary
wavelength region into a spectrum having an
arbitrary wavelength width, the spectrum shap-
ing unit (12) cuts out a second wavelength re-
gion different from a first wavelength region and
shaping the second wavelength region into a
second spectrum having an arbitrary wave-
length width with the arbitrary wavelength region
as the first wavelength region and the spectrum
as a first spectrum, and

the tomographic image acquisition unit (40) ac-
quires a second two-dimensional spectroscopic
tomographic image as using low coherent light
(L) in the second wavelength region having the
second spectrum at the same time as when ac-
quiring the two-dimensional spectroscopic tom-
ographicimage as a first two-dimensional spec-
troscopic tomographic image as using low co-
herent light (L) in the first wavelength region.

The optical tomography apparatus according to any
one of claims 9 to 11, further comprising:

a display unit (50) that displays the two-dimensional
spectroscopic tomographic image.

The optical tomography apparatus according to any
one of claims 9 to 12,

wherein the sample light emission optical system
(20) comprises a variable neutral density filter (28).

The optical tomography apparatus according to any
one of claims 9 to 13,

wherein the sample light emission optical system
(20) comprises a cylindrical lens (21), and a cylindri-
callens (26) disposed perpendicular to the cylindrical
lens (21) is provided between the multiplexing unit
(4) and the interference light detection unit (30).

The optical tomography apparatus according to any
one of claims 9 to 14,

wherein the light source (11) is a super continuum
light source.

Patentanspriiche

1.

Verfahren zur Bewertung der Lichteindringtiefe unter
Verwendung eines optischen Tomographieverfah-
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rens zum Aufteilen von niederkoh&rentem Licht (L)
in Probenlicht (L) und Referenzlicht (L,), Emittieren
des Probenlichts (L) an ein Messziel (S) in einer
Linienform, Erzeugen von Interferenzlicht (L) durch
Uberlagern von von dem Messziel (S) aufgrund von
Emission des Probenlichts (L;) reflektiertem Licht
(L3) und des Referenzlichts (L,) Gbereinander und
Aufnehmen eines zweidimensionalen spektroskopi-
schen tomographischen Bildes des Messziels (S)
durch spektroskopisches Erfassen des Interferenz-
lichts und Durchfiihren von Frequenzanalyse, wobei
das Verfahren umfasst:

Ausschneiden eines beliebigen Wellenlangen-
bereichs in einem ultravioletten Bereich von nie-
derkohérentem Licht (L,), das von einer einzel-
nen Lichtquelle (11) emittiert wird und das einen
Wellenlangenbereich von einem ultravioletten
Bereich zu einem sichtbaren Bereich beinhaltet,
und Formen des beliebigen Wellenlangenbe-
reichs zu einem Spektrum, das eine beliebige
Wellenlangenbreite aufweist;

Aufnehmen des zweidimensionalen spektros-
kopischen tomographischen Bildes, wie das
Verwenden des niederkohéarenten Lichts (L,) in
dem beliebigen Wellenlangenbereich, der das
Spektrum aufweist; und

Bewerten einer Eindringtiefe des Probenlichts
(L4) fir das Messziel (S) basierend auf dem
zweidimensionalen spektroskopischen tomo-
graphischen Bild.

Verfahren zur Bewertung der Lichteindringtiefe nach
Anspruch 1,

wobei, nachdem das zweidimensionale spektrosko-
pische tomographische Bild, basierend auf dem nie-
derkohérenten Licht (L) in dem beliebigen Wellen-
langenbereich in dem ultravioletten Bereich, der das
Spektrum aufweist, als ein erstes zweidimensiona-
les spektroskopisches tomographisches Bild aufge-
nommen wird, ein zweites zweidimensionales spek-
troskopisches tomographisches Bild durch Andern
einer Menge an niederkohérentem Licht (L) in dem
beliebigen Wellenlangenbereich aufgenommen
wird, und

die Eindringtiefe des Probenlichts (L) fir das Mess-
ziel (S) basierend auf dem ersten zweidimensiona-
len spektroskopischen tomographischen Bild und
dem zweiten zweidimensionalen spektroskopischen
tomographischen Bild bewertet wird.

Verfahren zur Bewertung der Lichteindringtiefe nach
Anspruch 1,

wobei der beliebige Wellenlangenbereich im ultravi-
oletten Bereich als ein erster Wellenlangenbereich
eingestellt wird, das Spektrum als ein erstes Spek-
trum eingestellt wird und das zweidimensionale
spektroskopische tomographische Bild basierend
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auf dem niederkohérenten Licht (L) in dem beliebi-
gen Wellenlangenbereich im ultravioletten Bereich
als ein erstes zweidimensionales spektroskopisches
tomographisches Bild eingestellt wird,

ein zweiter Wellenldngenbereich, der sich von dem
ersten Wellenlangenbereich unterscheidet, aus nie-
derkohérentem Licht (L,) ausgeschnitten wird, das
von der einzelnen Lichtquelle (11) emittiert wird und
das einen Wellenlangenbereich von dem ultraviolet-
ten Bereich bis zu dem sichtbaren Bereich beinhal-
tet, und der zweite Wellenldngenbereich zu einem
zweiten Spektrum geformt wird, das eine beliebige
Wellenlangenbreite aufweist,

ein zweites zweidimensionales spektroskopisches
tomographisches Bild basierend auf dem niederko-
héarenten Licht (L,) in dem zweiten Wellenldngenbe-
reich, der das zweite Spektrum aufweist, aufgenom-
men wird, und

die Eindringtiefe des Probenlichts (L4) fir das Mess-
ziel (S) basierend auf dem ersten zweidimensiona-
len spektroskopischen tomographischen Bild und
dem zweiten zweidimensionalen spektroskopischen
tomographischen Bild bewertet wird.

Verfahren zur Bewertung der Lichteindringtiefe nach
Anspruch 1,

wobei, gleichzeitig mit dem Ausschneiden eines be-
liebigen Wellenlangenbereichs in dem ultravioletten
Bereich aus niederkoharentem Licht (L), der einen
Wellenlangenbereich von dem ultravioletten Bereich
bis zu dem sichtbaren Bereich beinhaltet, und dem
Formen des beliebigen Wellenlangenbereichs zu ei-
nem Spektrum, das eine beliebige Wellenlangen-
breite aufweist, ein zweiter Wellenlangenbereich,
der sich von einem ersten Wellenlangenbereich un-
terscheidet, ausgeschnitten wird und der zweite
Wellenlangenbereich zu einem zweiten Spektrum,
das eine beliebige Wellenlangenbreite aufweist, mit
dembeliebigen Wellenldngenbereich als demersten
Wellenlangenbereich und dem Spektrum als einem
ersten Spektrum geformt wird,

ein zweites zweidimensionales spektroskopisches
tomographisches Bild wie das Verwenden von nie-
derkoharentem Licht (L,) in dem zweiten Wellenlén-
genbereich, der das zweite Spektrum aufweist,
gleichzeitig mit dem Aufnehmen des zweidimensio-
nalen spektroskopischen tomographischen Bildes
als ein erstes zweidimensionales spektroskopisches
tomographisches Bild wie das Verwenden von nie-
derkoharentem Licht (L,) in dem ersten Wellenléan-
genbereich aufgenommen wird, und

die Eindringtiefe des Probenlichts (L) flir das Mess-
ziel (S) basierend auf dem ersten zweidimensiona-
len spektroskopischen tomographischen Bild und
dem zweiten zweidimensionalen spektroskopischen
tomographischen Bild bewertet wird.

Verfahren zur Bewertung der Lichteindringtiefe nach
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Anspruch 1, weiter umfassend:

Aufnehmen eines zweiten zweidimensionalen
spektroskopischen tomographischen Bildes,
basierend auf niederkoh&rentem Licht (L) in ei-
nem zweiten Wellenlangenbereich, der sich von
dem ersten beliebigen Wellenlangenbereich un-
terscheidet, oder basierend auf niederkoharen-
tem Licht (L) in dem ersten beliebigen Wellen-
langenbereich, der eine Lichtmenge aufweist,
die sich von dem niederkoharenten Licht (L) in
dem ersten beliebigen Wellenlangenbereich,
gleichzeitig oder sequentiell, unterscheidet; und
Bewerten der Eindringtiefe des Probenlichts
(L) fir das Messziel (S) basierend auf dem ers-
ten zweidimensionalen spektroskopischen to-
mographischen Bild und dem zweiten zweidi-
mensionalen spektroskopischen tomographi-
schen Bild.

Verfahren zur Bewertung der Lichteindringtiefe nach
einem der Anspriiche 3 bis 5, wobei der zweite Wel-
lenlangenbereich ein ultravioletter Wellenlangenbe-
reich ist.

Verfahren zur Bewertung der Lichteindringtiefe nach
einem der Anspriiche 3 bis 5, wobei der zweite Wel-
lenlangenbereich ein sichtbarer Wellenlangenbe-
reich ist.

Leistungstestverfahren, umfassend:

Testen einer Leistung von Chemikalien durch Be-
werten einer Eindringtiefe von Licht in einem ultra-
violetten Bereich vor und nach dem Auftragen der
Chemikalien auf die menschliche Haut, die ein Mess-
ziel (S) ist, wie das Verwenden des Verfahrens zur
Bewertung derLichteindringtiefe nach einem der An-
spriiche 1 bis 7.

Optische Tomographieeinrichtung, umfassend:

eine Lichtquelleneinheit (10), die eine einzelne
Lichtquelle (11) aufweist, die niederkoharentes
Licht (L) einschlieBlich einem Wellenlangenbe-
reich von einem ultravioletten Bereich zu einem
sichtbaren Bereich emittiert, und eine Spek-
trumsformungseinheit (12), die einen beliebigen
Wellenlangenbereich im ultravioletten Bereich
aus dem von der Lichtquelle (11) emittierten
Licht schneidet und den beliebigen Wellenlan-
genbereich in ein Spektrum formt, das eine be-
liebige Wellenldngenbreite aufweist, und die
nach dem Formen des Spektrums niederkoha-
rentes Licht (L) emittiert;

eine Lichtaufteilungseinheit (3), die das von der
Lichtquelleneinheit (10) emittierte niederkoha-
rente Licht (L) in Probenlicht (L) und Referenz-
licht (L,) aufteilt;
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ein optisches Probenlichtemissionssystem (20),
das das Probenlicht (L) zu einem Messziel (S)
in einer Linienform emittiert;

eine Multiplexereinheit (4), die reflektiertes Licht
(L3) von dem Messziel (S) Uberlagert, wenn das
Probenlicht (L) Gbereinander an das Messziel
(8) und das Referenzlicht (L,) emittiert wird,
eine Interferenzlicht-Erfassungseinheit (30), die
Interferenzlicht (L,) zwischen dem reflektierten
Licht (L3) und dem von der Multiplexereinheit (4)
gemultiplexten Referenzlicht (L,) spektrosko-
pisch erfasst; und

eine tomographische Bildaufnahmeeinheit (40),
die ein zweidimensionales spektroskopisches
tomographisches Bild des Messziels (S) durch
Durchfiihren von Frequenzanalyse des von der
Interferenzlicht-Erfassungseinheit (30) erfass-
ten Interferenzlichts aufnimmt.

Optische Tomographieeinrichtung nach Anspruch 9,
weiter umfassend:

eine Messeinheit, die aus dem zweidimensionalen
spektroskopischen tomographischen Bild eine Ein-
dringtiefe des Probenlichts (L) fir das Messziel (S)
berechnet.

Optische Tomographieeinrichtung nach Anspruch 9
oder 10,

wobei gleichzeitig mit dem Ausschneiden eines be-
liebigen Wellenlangenbereichs in dem ultravioletten
Bereich aus niederkoharentem Licht (L), der einen
Wellenlangenbereich von dem ultravioletten Bereich
bis zu dem sichtbaren Bereich beinhaltet, und dem
Formen des beliebigen Wellenlangenbereichs zu ei-
nem Spektrum, das eine beliebige Wellenlangen-
breite aufweist, die Spektrumsformungseinheit (12)
einen zweiten Wellenlangenbereich ausschneidet,
der sich von einem ersten Wellenlangenbereich un-
terscheidet, und den zweiten Wellenlangenbereich
zu einem zweiten Spektrum, das eine beliebige Wel-
lenlangenbreite aufweist, mit dem beliebigen Wel-
lenldngenbereich als dem ersten Wellenlangenbe-
reich und dem Spektrum als einem ersten Spektrum
formt, und

die tomographische Bildaufnahmeeinheit (40) ein
zweites zweidimensionales spektroskopisches to-
mographisches Bild wie das Verwenden von nieder-
kohéarentem Licht (L) in dem zweiten Wellenlangen-
bereich aufnimmt, der das zweite Spektrum auf-
weist, gleichzeitig mit dem Aufnehmen des zweidi-
mensionalen spektroskopischen tomographischen
Bildes als ein erstes zweidimensionales spektrosko-
pisches tomographisches Bild wie das Verwenden
von niederkohé&rentem Licht (L,) in dem ersten Wel-
lenldngenbereich.

Optische Tomographieeinrichtung nach einem der
Anspriche 9 bis 11, weiter umfassend:
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eine Anzeigeeinheit (50), die das zweidimensionale
spektroskopische tomographische Bild anzeigt.

Optische Tomographieeinrichtung nach einem der
Anspriiche 9 bis 12,

wobei das optische Probenlichtemissionssystem
(20) einen variablen Neutraldichtefilter (28) umfasst.

Optische Tomographieeinrichtung nach einem der
Anspriiche 9 bis 13,

wobei das optische Probenlichtemissionssystem
(20) eine zylindrische Linse (21) umfasst, und eine
zylindrische Linse (26), die senkrecht zur zylindri-
schen Linse (21) angeordnet ist, zwischen der Mul-
tiplexereinheit (4) und der Interferenzlicht-Erfas-
sungseinheit (30) bereitgestellt ist.

Optische Tomographieeinrichtung nach einem der
Anspriiche 9 bis 14,

wobei die Lichtquelle (11) eine Superkontinuum-
Lichtquelle ist.

Revendications

Procédé d’évaluation de profondeur de pénétration
de lumiére utilisant un procédé de tomographie op-
tique de division de lumiére & basse cohérence (L)
en lumiére d’échantillon (L4) et lumiére de référence
(Ly), d’émission de la lumiere d’échantillon (L4) vers
une cible de mesure (S) en forme de ligne, de gé-
nération d’une lumiére d’interférence (L) par super-
position de lumiére réfléchie (L) a partir de la cible
de mesure (S) due a une émission de la lumiére
d’échantillon (L) et de la lumiére de référence (L,)
I'une sur l'autre, et d’acquisition d’'une image tomo-
graphique spectroscopique bidimensionnelle de la
cible de mesure (S) par détection spectroscopique
de la lumiere d’interférence et de réalisation d’'une
analyse de fréquence, le procédé comprenant :

la découpe d’une région de longueur d’'onde ar-
bitraire dans une région d’ultraviolet de lumiere
a basse cohérence (Lg), qui est émise a partir
d’une source de lumiére unique (11) et qui inclut
une région de longueur d’'onde d’'une régiond’ul-
traviolet a une région visible, et la formation de
la région de longueur d’onde arbitraire en un
spectre ayant une largeur de longueur d’'onde
arbitraire ;

I'acquisition de l'image tomographique spec-
troscopique bidimensionnelle en utilisant la lu-
miére a basse cohérence (L) dans la région de
longueur d’onde arbitraire ayant le spectre ; et
I’évaluation d’'une profondeur de pénétration de
la lumiére d’échantillon (L4) pour la cible de me-
sure (S) sur la base de I'image tomographique
spectroscopique bidimensionnelle.
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Procédé d’évaluation de profondeur de pénétration
de lumiére selon la revendication 1,

danslequel, apres que 'image tomographique spec-
troscopique bidimensionnelle basée sur la lumiere
a basse cohérence (L) dans la région de longueur
d’onde arbitraire dans la région d'ultraviolet ayant le
spectre est acquise en tant qu’'une premiere image
tomographique spectroscopique bidimensionnelle,
une seconde image tomographique spectroscopi-
que bidimensionnelle est acquise en changeant une
quantité de lumiére a basse cohérence (L) dans la
région de longueur d’onde arbitraire, et

la profondeur de pénétration de la lumiére d’échan-
tillon (L) pour la cible de mesure (S) est évaluée sur
la base de la premiére image tomographique spec-
troscopique bidimensionnelle et de la seconde ima-
ge tomographique spectroscopique bidimensionnel-
le.

Procédé d’évaluation de profondeur de pénétration
de lumiére selon la revendication 1,

dans lequel la région de longueur d’onde arbitraire
dans la région d’ultraviolet est définie en tant qu’une
premiere région de longueur d’'onde, le spectre est
défini en tant qu’'un premier spectre, et 'image to-
mographique spectroscopique bidimensionnelle ba-
sée sur la lumiére a basse cohérence (L) dans la
région de longueur d’onde arbitraire dans la région
d’ultraviolet est définie en tant qu’une premiére ima-
ge tomographique spectroscopique bidimensionnel-
le,

une seconde région de longueur d’onde différente
de la premiére région de longueur d’onde est décou-
pée de la lumiére & basse cohérence (Lg) qui est
émise de la source de lumiére unique (11) et qui
inclut une région de longueur d’'onde de la région
d'ultraviolet a la région visible, et la seconde région
de longueur d’'onde estformée en un second spectre
ayant une largeur de longueur d’onde arbitraire,
une seconde image tomographique spectroscopi-
que bidimensionnelle basée sur la lumiére a basse
cohérence (L) dans la seconde région de longueur
d’'onde ayant le second spectre est acquise, et

la profondeur de pénétration de la lumiére d’échan-
tillon (L) pour la cible de mesure (S) est évaluée sur
la base de la premiére image tomographique spec-
troscopique bidimensionnelle et de la seconde ima-
ge tomographique spectroscopique bidimensionnel-
le.

Procédé d’évaluation de profondeur de pénétration
de lumiére selon la revendication 1,

dans lequel, en méme temps que la découpe d’'une
région de longueur d’onde arbitraire dans la région
d’ultraviolet de la lumiére & basse cohérence (L)
incluant une région de longueur d’onde de la région
d'ultraviolet a la région visible et la formation de la
région de longueur d’onde arbitraire en un spectre
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ayant une largeur de longueur d’onde arbitraire, une
seconde région de longueur d’onde différente d’'une
premiéere région de longueur d’'onde est découpée
et la seconde région de longueur d’'onde est formée
en un second spectre ayant une largeur de longueur
d’onde arbitraire avec la région de longueur d’'onde
arbitraire en tant que la premiére région de longueur
d’onde et le spectre en tant que premier spectre,
une seconde image tomographique spectroscopi-
que bidimensionnelle est acquise en utilisant la lu-
miére a basse cohérence (L) dans la seconde ré-
gion de longueur d’onde ayant le second spectre au
méme moment que lors de I'acquisition de I'image
tomographique spectroscopique bidimensionnelle
en tant qu'une premiére image tomographique spec-
troscopique bidimensionnelle en utilisant la lumiére
a basse cohérence (L) dans la premiére région de
longueur d’'onde, et

la profondeur de pénétration de la lumiére d’échan-
tillon (L) pour la cible de mesure (S) est évaluée sur
la base de la premiére image tomographique spec-
troscopique bidimensionnelle et de la seconde ima-
ge tomographique spectroscopique bidimensionnel-
le.

Procédé d’évaluation de profondeur de pénétration
de lumiére selon la revendication 1, comprenant en
outre :

I'acquisition d’'une seconde image tomographi-
que spectroscopique bidimensionnelle, qui est
basée sur une lumiére & basse cohérence (L)
dans une seconde région de longueur d’onde
différente de la premiére région de longueur
d’'onde arbitraire ou basée sur une lumiére a
basse cohérence (L) dans la premiére région
de longueur d’onde arbitraire ayant une quantité
de lumiére différente de la lumiére a basse co-
hérence (Ly) dans la premiére région de lon-
gueur donde arbitraire, simultanément ou
séquentiellement ; et

I’évaluation de la profondeur de pénétration de
la lumiére d’échantillon (L4) pour la cible de me-
sure (S) basée sur la premiere image tomogra-
phique spectroscopique bidimensionnelle et la
seconde image tomographique spectroscopi-
que bidimensionnelle.

6. Procédé d’évaluation de profondeur de pénétration

de lumiére selon 'une quelconque des revendica-
tions 3a 5,

dans lequel la seconde région de longueur d’'onde
est une région de longueur d’onde d’ultraviolet.

Procédé d’évaluation de profondeur de pénétration
de lumiére selon 'une quelconque des revendica-
tions 3a 5,

dans lequel la seconde région de longueur d’'onde
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est une région de longueur d’onde visible.

Procédé de test de performance, comprenant :

le test d’'une performance de produits chimiques en
évaluant une profondeur de pénétration de lumiére
dans une région d'ultraviolet avant et aprés applica-
tion des produits chimiques sur la peau humaine, qui
est une cible de mesure (S), en utilisant le procédé
d’évaluation de profondeur de pénétration de lumie-
re selon 'une quelconque des revendications 1a 7.

Appareil de tomographie optique, comprenant :

une unité de source de lumiéere (10) qui a une
source de lumiére unique (11) qui émet une lu-
miére a basse cohérence (Ly) incluant une ré-
gion de longueur d’onde d’une région d’ultravio-
leta une région visible, et une unité de formation
de spectre (12) qui coupe une région de lon-
gueur d’onde arbitraire dans la région d’ultravio-
let a partir de la lumiére émise de la source de
lumiere (11) et forme la région de longueur d’on-
de arbitraire en un spectre ayant une largeur de
longueur d’onde arbitraire, et qui émet une lu-
miére a basse cohérence (L) aprés la formation
de spectre ;

une unité de division de lumiére (3) qui divise la
lumiére a basse cohérence (L) émise a partir
de l'unité de source de lumiére (10) en une lu-
miére d’échantillon (L) et une lumiére de réfé-
rence (L) ;

un systeme optique d’émission de lumiere
d’échantillon (20) qui émet la lumiére d’échan-
tillon (L4) & une cible de mesure (S) dans une
forme de ligne ;

une unité de multiplexage (4) qui superpose une
lumiére réfléchie (L) de la cible de mesure (S)
lorsque la lumiére d’échantillon (L4) est émise a
la cible de mesure (S) et la lumiére de référence
(L) 'une sur l'autre ;

une unité de détection de lumiére d’interférence
(30) qui détecte par spectroscopie une lumiere
d’interférence (L4) entre la lumiére réfléchie (L3)
et la lumiére de référence (L,) multiplexée par
I'unité de multiplexage (4) ; et

une unité d’acquisition d’image tomographique
(40) qui acquiert une image tomographique
spectroscopique bidimensionnelle de la cible de
mesure (S) enréalisantune analyse de fréquen-
ce de lalumiére d’interférence détectée par|'uni-
té de détection de la lumiere d’interférence (30).

10. Appareil de tomographie optique selon la revendi-

cation 9, comprenant en outre :

une unité de mesure qui calcule une profondeur de
pénétration de la lumiére d’échantillon (L4) pour la
cible de mesure (S) a partir de I'image tomographi-
que spectroscopique bidimensionnelle.
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Appareil de tomographie optique selon la revendi-
cation 9 ou 10,

dans lequel, en méme temps que la découpe d’'une
région de longueur d’onde arbitraire dans la région
d’ultraviolet de la lumiére & basse cohérence (L)
incluant une région de longueur d’onde de la région
d’ultraviolet a la région visible et de formation de la
région de longueur d’onde arbitraire en un spectre
ayantune largeur delongueur d’onde arbitraire, I'uni-
té de formation de spectre (12) découpe une secon-
de région de longueur d’onde différente d’'une pre-
miére région de longueur d’onde et forme la seconde
région de longueur d’'onde en un second spectre
ayantune largeur de longueur d’onde arbitraire avec
la région de longueur d’onde arbitraire en tant que
la premiére région de longueur d’onde et le spectre
en tant que premier spectre, et

I'unité d’acquisition d’image tomographique (40) ac-
quiert une seconde image tomographique spectros-
copique bidimensionnelle en utilisant une lumiere a
basse cohérence (Ly) danslaseconde région de lon-
gueur d’'onde ayant le second spectre en méme
temps que l'acquisition de I'image tomographique
spectroscopique bidimensionnelle en tant qu’une
premiére image tomographique spectroscopique bi-
dimensionnelle en utilisant une lumiére a basse co-
hérence (Ly) dans la premiére région de longueur
d’onde.

Appareil de tomographie optique selon I'une quel-
conque des revendications 9 a 11, comprenant en
outre :

une unité d’'affichage (50) qui affiche I'image tomo-
graphique spectroscopique bidimensionnelle.

Appareil de tomographie optique selon I'une quel-
conque des revendications 9 a 12,

dans lequel le systéme optique d’émission de lumié-
re d’échantillon (20) comprend un filire a densité
neutre variable (28).

Appareil de tomographie optique selon I'une quel-
conque des revendications 9 a 13,

dans lequel le systéme optique d’émission de lumié-
re d’échantillon (20) comprend une lentille cylindri-
que (21), etunelentille cylindrique (26) disposée per-
pendiculairement a la lentille cylindrique (21) est
fournie entre I'unité de multiplexage (4) et I'unité de
détection de lumiéere d’interférence (30).

Appareil de tomographie optique selon I'une quel-
conque des revendications 9 a 14,

dans lequel la source de lumiere (11) est une source
de lumiére de supercontinuum.
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