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Description
{Technical Field}

[0001] The present invention relates to an optical
three-dimensional structure OCT measuring device and
a structure information processing method therefor, ac-
cording to the preamble of claim 1 and claim 13, respec-
tively, and particularly, to an optical three-dimensional
structure OCT measuring device and a structure infor-
mation processing method therefor characterized by a
processing part of structure information of a measure-
ment target.

{Background Art}

[0002] Conventionally, an optical tomographic image
acquiring device using OCT (Optical Coherence Tomog-
raphy) measurement is used in some cases to acquire
an optical tomographic image of living tissues. The opti-
cal tomographic image acquiring device divides low-co-
herence light emitted from a light source into measure-
ment light and reference light and then multiplexes re-
flected light, which is from a measurement target when
the measurement light is directed to the measurement
target, or backscattered light and the reference light to
acquire an optical tomographic image based on the in-
tensity of interference light of the reflected light and the
reference light (Patent Literature 1). Hereinafter, the re-
flected light from the measurement target and the back-
scattered light will be collectively described as reflected
light.

[0003] There are roughly two types of OCT measure-
ment, TD-OCT (Time domain OCT) measurement and
FD-OCT (Fourier Domain OCT) measurement. The TD-
OCT measurement is a method of measuring the inter-
ference light intensity while changing the optical path
length of the reference light to acquire a reflected light
intensity distribution corresponding to the position in a
depth direction (hereinafter, called "depth position") of
the measurement target.

[0004] Meanwhile, the FD-OCT measurement is a
method of measuring the interference light intensity of
each spectral component of light without changing the
optical path length of the reference light and the signal
light, and a computer applies a frequency analysis rep-
resented by a Fourier transform to a spectral interference
intensity signal obtained here to acquire the reflected light
intensity distribution corresponding to the depth position.
The FD-OCT measurement is recently drawing attention
as a method that allows high-speed measurement, be-
cause mechanical scanning that exists in the TD-OCT is
not necessary.

[0005] Typical examples of device configurations for
performing the FD-OCT measurementinclude two types,
an SD-OCT (Spectral Domain OCT) device and an SS-
OCT (Swept Source OCT). The SD-OCT device uses
wideband low-coherence light, such as an SLD (Super
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Luminescence Diode), an ASE (Amplified Spontaneous
Emission) light source, and white light, as a light source,
uses a Michelson interferometer or the like to divide the
wideband low-coherence light into measurement light
and reference light, directs the measurement light to a
measurement target, interferes reflected light returned
at that time and the reference light, uses a spectrometer
to dissolve the interference light into frequency compo-
nents, uses a detector array including elements such as
photodiodes arranged in an array to measure the inter-
ference light intensity of each frequency component, and
applies a Fourier transform to an obtained spectral inter-
ference intensity signal by a computer to thereby form
an optical tomographic image.

[0006] Meanwhile, the SS-OCT device uses a laser
that temporally sweeps the optical frequency as a light
source, interferes reflected light and reference light at
each wavelength, measures the time waveform of a sig-
nal corresponding to the time change of the optical fre-
quency, and applies a Fourier transform to an obtained
spectral interference intensity signal by a computer to
thereby form an optical tomographic image.

[0007] Although the OCT measurement is a method
for acquiring an optical tomographic image of a specific
area as described above, an endoscope can determine
the extent of the invasion of a cancer lesion by, for ex-
ample, detecting the cancer lesion through observation
by a normal illumination light endoscope or a special light
endoscope and applying an OCT measurement to the
area, The optical axis of the measurement light can be
two-dimensionally scanned to acquire three-dimensional
information along with depth information based on the
OCT measurement.

[0008] Integration of the OCT measurement and a
three-dimensional computer graphic technique allows
displaying a three-dimensional structure model with mi-
crometer-order resolving power. Therefore, the three-di-
mensional structure model based on the OCT measure-
ment will be called an optical three-dimensional structure
image.

[0009] For example, the cancer invasion depth of es-
ophagus is observed by the OCT. An OCT image of es-
ophagus depicts, from the near side, a thin epithelial layer
and a strongly scattered basement membrane, relatively
strongly scattered lamina propria mucosae below the ep-
ithelial layer and the basement membrane, and relatively
weakly scattered muscularis mucosae, a strongly scat-
tered submucosal layer, as well as a weakly scattered
muscular layer below the lamina propria mucosae.
[0010] Anexample ofatissue structure change caused
by the development of cancer will be described. Epithe-
lium hypertrophy is developed when the cancer develops
and grows on the epithelial layer. It is known that at this
period, new blood vessels extend from blood vessels in
asubmucosal layer to the mucosal layer, toward the can-
cer, and the new blood vessels are formed around the
cancer cells beyond the basement membrane. When the
cancer progresses, the cancer breaks the basement
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membrane to invade the lamina propria, and if the cancer
further progresses, the invasion depth increases toward
the muscularis mucosae, the submucosal layer, and the
muscular layer.

[0011] The cancer that has not invaded the basement
membrane is called an "intraepithelial neoplasm"”, which
serves as an indication that the cancer will be cured if
removed. It is important to determine whether the cancer
has invaded below the basement membrane to detect
an early-stage cancer earlier for a minimally invasive
treatment of the cancer before there is a risk of spreading.
If the cancer has invaded beyond the basement mem-
brane, whether the cancer has invaded beyond the mus-
cularis mucosae is important as the next indication. The
possibility of metastasis is low if the cancer is not beyond
the muscularis mucosae, and an endoscopic ablative
therapy is selected. On the other hand, the possibility of
metastasis is high if the cancer is beyond the muscularis
mucosae, and an open-chest surgery or a radiation ther-
apy is selected. It is important to determine whether the
cancer has invaded below the muscularis mucosae for
a minimally invasive treatment of an early-stage cancer.
Therefore, itis expected to extract and image only a spe-
cific membrane or layer, such as a basement membrane
or muscularis mucosae. However, there is no method of
directly observing the state of the basement membrane.
[0012] A method of extracting a specific scattering in-
tensity of, for example, ocular fundus by the OCT to ex-
tract a layer structure is disclosed by Patent Literature 2
(PTL2). To extract the layer structure, a one-dimensional
differential filter or the like in a depth direction is specif-
ically used to extract the layer structure or the boundary
of the layer. The layer structure of the ocular fundus is
clear, and there is a little change in the structure. There-
fore, there is not much error in the extraction based on
the method. However, there is no example of the imple-
mentation of the method in digestive tracts, such as es-
ophagus.

[0013] It is known that if cancer develops on the epi-
thelial layer, new blood vessels are formed on the mu-
cosal layer toward the cancer. In the case of early-stage
cancer of esophagus, the new blood vessels pass
through the submucosal layer and the basement mem-
brane to extend to the mucosal epithelial layer to form
an IPCL (intra-epithelial papillary capillary loop). If the
cancer progresses, the cancer breaks the basement
membrane and enters the submucosal layer. The new
blood vessels are formed in random directions toward
the cancer. In normal endoscopy, a method of determin-
ing the grade of cancer from the density distribution and
the shapes of new blood vessels that can be seen through
from the surface is implemented.

{Citation List}
{Patent Literature}

[0014]
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{PTL 1} Japanese Patent Application Laid-Open No.
2008-128708

{PTL 2} Japanese Patent Application Laid-Open No.
2008-73099

[0015] In accordance with the preamble of claim 1 and
the preamble of claim 13, Florian Bazant-Hegemark et
al. "Towards automated classification of clinical optical
coherence tomography data of dense tissues",
XP019663598 discloses an OCT measuring device and
a structure information processing method therefore. The
specific layer extracting means extracts (identifies) spe-
cific layer areas by comparing intensity data with thresh-
old values.

[0016] US-A-2007/0216909 discloses an apparatus
and a method for extracting specific retinal layers from
intensity information values obtained by OCT measure-
ment.

{Summary of Invention}
{Technical Problem}

[0017] A signal indicating the basement membrane is
observed in the tomographic image of OCT. However,
the extraction may be difficult in the case of the esopha-
geal mucosa due to a false recognition caused by struc-
tures in mucosa, such as new blood vessels, that indicate
strong scatter as in the basement membrane or due to
attenuation of the light intensity at a deeper location
caused by extreme thickening after progression to cancer
or caused by structures of a relatively shallow layer such
as blood vessels. There is a case in which the basement
membrane is lost due to the invasion of cancer, and there
is a disadvantage that it is difficult to recognize whether
a layer other than the basement membrane or another
layer emerged from a structure is continuous or discon-
tinuous with the basement membrane.

[0018] The distribution of new blood vessels is a useful
indication in recognizing the spread of cancer. However,
the conventional OCT measurement methods only ob-
serve whether the density of new blood vessels ap-
proaching the mucosal surface stands out compared to
surrounding normal sections. Meanwhile, the conven-
tional endoscopic observation methods only observe
new blood vessels approaching the mucosal surface.
[0019] Therefore, the conventional methods have dis-
advantages that the distinction from the new blood ves-
sels is difficult when, for example, there is a congestion
caused by inflammation and that the visibility is poor
when noncancerous mucosa covers the mucosa. For ex-
ample, it is expected to be able to accurately determine
the distribution of the new blood vessels inside the living
body if holes created when the new blood vessels exceed
the basement membrane can be directly observed. How-
ever, there has not been such a method.

[0020] The present invention has been made in view
of the forgoing circumstances, and an object of the
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present invention is to provide an optical three-dimen-
sional structure OCT measuring device and a structure
information processing method therefor that can easily
identify the continuity of layer areas based on structure
information of a measurement target with a layer struc-
ture and that can surely extract structure information of
anunclear layer area at a deep section caused by a struc-
ture of a shallow layer area.

{Solution to Problem}

[0021] To attain the object, a first aspect provides an
optical three-dimensional structure OCT measuring de-
vice having the features of claim 1.

[0022] Inthe optical three-dimensional structure meas-
uring device of the first aspect, the specific layer extract-
ing means compares information values of the optical
three-dimensional structure information stored in the op-
tical three-dimensional structure information storing
means with a predetermined threshold and extracts, as
a specific layer area of the measurement target, an area
equal to or greater than a predetermined range where
the information values of the optical three-dimensional
structure information equal to or greater than the prede-
termined threshold continue. The missing area extracting
means extracts, as missing areas, areas where the in-
formation values of the optical three-dimensional struc-
ture information are smaller than the predetermined
threshold in the specific layer area. The missing area
range calculating means calculates sizes of ranges of
the missing areas. The region-of-interest classifying
means compares the sizes of the ranges of the missing
areas with a plurality of predetermined range determina-
tion reference values and classifies the missing areas
into a plurality of types of regions of interest. As aresult,
there are advantageous effects that the continuity of layer
areas can be easily identified from structure information
of a measurement target with a layer structure and that
structure information of an unclear layer area at a deep
section caused by a structure in a shallow layer area can
be surely extracted.

[0023] Preferably, a second aspect provides the opti-
cal three-dimensional structure measuring device ac-
cording to the first aspect, wherein the specific layer ex-
tracting means comprises noise area deleting means for
determining an area as a noise area to delete the area
from the optical three-dimensional structure information
if the area where the information values of the optical
three-dimensional structure information equal to or great-
er than the predetermined threshold continue is smaller
than the predetermined range.

[0024] Preferably, a third aspect provides the optical
three-dimensional structure measuring device according
to the first or second aspect, further including computer
graphic image building means for applying a rendering
process to the optical three-dimensional structure infor-
mation to build a computer graphic image.

[0025] Preferably, a fourth aspect provides the optical
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three-dimensional structure measuring device according
to the third aspect, including attribute adding means for
adding attributes that can identify the specific layer area
and the regions of interest to the specific layer area and
the regions of interest, wherein the computer graphic im-
age building means applies a rendering process to the
optical three-dimensional structure information to build
the computer graphic image including the specific layer
area and the regions of interest at least provided with the
attributes.

[0026] Preferably, a fifth aspect provides the optical
three-dimensional structure measuring device according
to the fourth aspect, wherein the computer graphic image
building means builds, as the computer graphic image,
a projection image projecting the specific layer area in
the depth direction of the lamination of the measurement
target.

[0027] Preferably, a sixth aspect provides the optical
three-dimensional structure measuring device according
to the fourth or fifth aspect, wherein the computer graphic
image building means applies a rendering process to the
optical three-dimensional structure information to build
an optical three-dimensional structure image as the com-
puter graphic image.

[0028] Preferably, a seventh aspect provides the opti-
cal three-dimensional structure measuring device ac-
cording to any of the fourth to sixth aspects, wherein the
attribute adding means includes attribute controlling
means for setting, as the attribute of the specific layer
area, an attribute of the regions of interest smaller than
a minimum range determination reference value at least
among the predetermined range determination reference
values.

[0029] Preferably, an eighth aspect provides the opti-
cal three-dimensional structure measuring device ac-
cording to the seventh aspect, wherein the attribute con-
trolling means adds different attributes to each of the re-
gions of interest classified by the region-of-interest clas-
sifying means based on a plurality of range determination
reference values with values greater than the minimum
range determination reference value among the prede-
termined range determination reference values.

[0030] Preferably, a ninth aspect provides the optical
three-dimensional structure measuring device according
to any of the first to eighth aspects, wherein the meas-
urement target is living mucosal tissues, and the region-
of-interest classifying means classifies the region of in-
terest that is equal to or greater than a first range deter-
mination reference value and that is smaller than a sec-
ond range determination reference value, which is great-
er than the first range determination reference value,
among the predetermined range determination reference
values into a new blood vessel area.

[0031] Preferably, a tenth aspect provides the optical
three-dimensional structure measuring device according
to the ninth aspect, wherein the region-of-interest clas-
sifying means classifies the region of interest thatis equal
to or greater than the second range determination refer-
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ence value among the predetermined range determina-
tion reference values into a cancer invasion area.
[0032] Preferably, an eleventh aspect provides the op-
tical three-dimensional structure measuring device ac-
cording to the ninth or tenth aspect, further including new
blood vessel distribution image generating means for
generating a distribution of the new blood vessel area
determined by the region-of-interest classifying means
as a new blood vessel distribution image in the specific
layer area.

[0033] Preferably, atwelfth aspect provides the optical
three-dimensional structure measuring device according
to any of the ninth to eleventh aspects, wherein the spe-
cific layer area includes at least one of a basement mem-
brane area and a muscularis mucosae area of the living
mucosal tissues.

[0034] A thirteenth aspect provides a structure infor-
mation processing method of an optical three-dimension-
al structure OCT measuring device having the features
of claim 13.

[0035] In the structure information processing method
of the optical three-dimensional structure measuring de-
vice of the thirteenth aspect, the specific layer extracting
step compares information values of the optical three-
dimensional structure information stored in the optical
three-dimensional structure information storing step with
a predetermined threshold and extracts, as a specific lay-
er area of the measurement target, an area equal to or
greater than a predetermined range where the informa-
tion values of the optical three-dimensional structure in-
formation equal to or greater than the predetermined
threshold continue. The missing area extracting step ex-
tracts, as missing areas, areas where the information val-
ues of the optical three-dimensional structure information
are smaller than the predetermined threshold in the spe-
cific layer area. The missing area range calculating step
calculates sizes of ranges of the missing areas. The re-
gion-of-interest classifying step compares the sizes of
the ranges of the missing areas with a plurality of prede-
termined range determination reference values and clas-
sifies the missing areas into a plurality of types of regions
of interest. As a result, there are advantageous effects
that the continuity of layer areas can be easily identified
from structure information of a measurement target with
a layer structure and that structure information of an un-
clear layer area at a deep section caused by a structure
in a shallow layer area can be surely extracted.

{Advantageous Effects of Invention}

[0036] As described, the present invention have ad-
vantageous effects that the continuity of layer areas can
be easily identified based on structure information of a
measurement target with a layer structure and that struc-
ture information of an unclear layer area at a deep section
caused by a structure of a shallow layer area can be
surely extracted.
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{Brief Description of Drawings}
[0037]

{Figure 1} Figure 1 is a block diagram showing a
configuration of an optical three-dimensional struc-
ture imaging device according to an embodiment of
the present invention.

{Figure 2} Figure 2 is a diagram showing a modified
example of scanning device in the optical three-di-
mensional structure imaging device of Figure 1.
{Figure 3} Figure 3 is a block diagram showing a
configuration of a signal processing unit of Figure 1.
{Figure 4} Figure 4 is a flow chart showing a flow of
a three-dimensional CG image generating process
of the optical three-dimensional structure imaging
device of Figure 1.

{Figure 5} Figure 5 is a diagram for explaining an
example of a specific procedure of extracting specific
layers from an optical three-dimensional structure
image and removing noise of the optical three-di-
mensional structure image by a specific layer ex-
tracting noise removing unit of Figure 3.

{Figure 6} Figure 6 is a projection diagram of the
specific layers extracted by the specific layer extract-
ing/noise removing unit of Figure 3.

{Figure 7} Figure 7 is a diagram explaining deletion
of regions of interest A from the specific layers by an
attribute adding/controlling unit of Figure 3 according
to a first example.

{Figure 8} Figure 8 is a diagram showing an example
of a computer graphic image generated by a render-
ing unit of Figure 3 according to the first example.
{Figure 9} Figure 9 is a diagram for explaining a sec-
ond example of the procedure of Figure 5.

{Figure 10} Figure 10 is a projection diagram of the
specific layers according to the second example ex-
tracted by the specific layer extracting/noise remov-
ing unit of Figure 3.

{Figure 11} Figure 11 is a diagram explaining
processing according to the second example of the
regions of interest in the specific layers by the at-
tribute adding/controlling unit of Figure 3.

{Figure 12} Figure 12 is a diagram showing an ex-
ample of the computer graphic image according to
the second example generated by the rendering unit
of Figure 3.

{Figure 13} Figure 13 is a projection diagram of the
specific layers according to a third example extracted
by the specific layer extracting/noise removing unit
of Figure 3.

{Figure 14} Figure 14 is a diagram showing an ex-
ample of the computer graphic image according to
a third example generated by the rendering unit of
Figure 3.

{Figure 15} Figure 15 is a diagram showing a distri-
bution image of new blood vessels generated by the
attribute adding/controlling unit of Figure 3.
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{Figure 16} Figure 16 is a diagram when the distri-
bution image of new blood vessels of Figure 15 is
superimposed on a basement membrane area.
{Figure 17} Figure 17 is a diagram showing the com-
puter graphic image created by rendering the distri-
bution image of new blood vessels of Figure 15.
{Figure 18} Figure 18 is a diagram superimposing
the projection diagram of Figure 11 on an endoscopic
image.

{Description of Embodiments}

[0038] Hereinafter, an embodiment of an optical three-
dimensional structure imaging device as an optical three-
dimensional structure measuring device according to the
present invention will be described in detail with refer-
ence to the attached drawings.

[0039] Figure 1 is a block diagram showing a configu-
ration of the optical three-dimensional structure imaging
device according to the embodiment of the present in-
vention. As shown in Figure 1, an optical three-dimen-
sional structure imaging device 1 as an optical three-
dimensional structure measuring device acquires, for ex-
ample, a tomographic image of a measurement target,
such as living tissues or cells in a body cavity, based on
SS-OCT measurement around a wavelength of 1.3 pm.
The optical three-dimensional structure measuring de-
vice includes an OCT light source 10, an OCT interfer-
ometer 30including an interference information detecting
unit 70, a probe 40, a CG image generating unit 90, and
a monitor 100.

[0040] The OCT light source 10 is a light source that
emits laser light L of an infrared region while sweeping
the frequency at a certain period.

[0041] A light demultiplexer 3 in the OCT interferom-
eter 30 demultiplexes the laser light L emitted from the
OCT light source 10 into measurement light L1 and ref-
erence light L2. The light demultiplexer 3 is constituted
by, for example, an optical coupler with a branching ratio
of 90:10 and demultiplexes the light at a ratio of meas-
urement light:reference light = 90:10.

[0042] In the OCT interferometer 30, an optical path
length adjusting unit 80 as reference light adjusting de-
vice adjusts the light path length of the reference light L2
demultiplexed by the light demultiplexer 3 through a cir-
culator 5a and reflects the reference light L2.

[0043] The optical path length adjusting unit 80 chang-
esthe optical path length ofthe reference light L2 to adjust
the position for starting the acquisition of a tomographic
image and has collimator lenses 81 and 82 and a reflec-
tive mirror 83. The reference light L2 from the circulator
5ais reflected by the reflective mirror 83 after penetrating
through the collimator lenses 81 and 82, and return light
L2a of the reference light L2 again enters the circulator
5a through the collimator lenses 81 and 82.

[0044] The reflective mirror 83 is arranged on a mov-
able stage 84, and a mirror moving unit 85 can move the
movable stage 84 in arrow A directions. As the movable
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stage 84 moves in the arrow A directions, the optical path
length of the reference light L2 changes. The return light
L2a of the reference light L2 from the optical path length
adjusting unit 80 is guided to an optical multiplexing/de-
multiplexing unit 4 through the circulator 5a.

[0045] Meanwhile, the measurement light L1 demulti-
plexed by the light demultiplexer 3 is guided to the probe
40 through a circulator 5b and an optical fiber FB. The
measurement light L1 is emitted from the emission end
of the probe 40 and is directed to a measurement target
T. Return light L3 again enters the probe 40 and returns
to the circulator 5b.

[0046] The probe 40 guides the incident measurement
light L1 to the measurement target T through an optical
rotary connector 41 and directs the measurement light
L1 to the measurement target T. The probe 40 also
guides the return light L3 from the measurement target
T whenthe measurementlight L1 is directed to the meas-
urement target T.

[0047] Assuming that a depth direction of the meas-
urement target T is Z, a longitudinal axis direction of the
probe is X, and a direction orthogonal to a ZX plane is
Y,amotor notshown in an optical scanner 42 as scanning
device rotates a fiber section beyond the optical rotary
connector 41 in the probe 40. As a result, the measure-
ment light L1 is circumferentially scanned over the meas-
urement target T, and a two-dimensional tomographic
image of a ZY plane can be measured. Furthermore, a
motor not shown in the optical scanner 42 causes the tip
of the probe 40 to perform scanning back and forth in a
direction X perpendicular to a plane formed by a scanning
circle of the measurement light L1. As a result, a three-
dimensional tomographic image of XYZ can be meas-
ured, The probe 40 is removably attached to the optical
fiber FB through an optical connector not shown.
[0048] Figure 2 is a diagram showing a modified ex-
ample of the scanning device in the optical three-dimen-
sional structure imaging device of Figure 1.

[0049] Obviously, the shape of the probe tip and the
scanning direction are not limited to these, For example,
as shown in Figure 2 near the fiber tip, a light transmit-
ting/receiving unit 900 including a lens L and a high-
speed scanning mirror M such as a galvanometer mirror
may be arranged to perform two-dimensional scan by
the high-speed scanning mirror M, or light collecting de-
vice and scanning device may be configured to perform
scanning back and forth by a stage (not shown). Alter-
natively, the stage may two-dimensionally scan the
measurement target. Alternatively, the optical axis scan-
ning mechanism and the measurement sample moving
mechanism may be combined. In the optical axis scan-
ning of the OCT device, the galvanometer mirror may be
used, or a type of scanning by the stage may be used.
In the case of the probe, only a polarizing mirror may be
rotated by the motor, or the probe may be fixed to fibers,
and each fiber may rotate the probe. Other than the ro-
tation, an MEMS (Micro Electro Mechanical Systems)
mirror may be used to perform linear scanning.
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[0050] The reflected light (or backscattered light) L3
from the measurement target T is guided to the OCT
interferometer 30 and is guided to the optical multiplex-
ing/demultiplexing unit 4 by the OCT interferometer 30
through the circulator 5b. The optical multiplexing/demul-
tiplexing unit 4 multiplexes the reflected light (or back-
scattered light) L3 of the measurement light L1 and the
return light L2a of the reference light L2 and emits the
light toward the interference information detecting unit
70.

[0051] The interference information detecting unit 70
detects, at a predetermined sampling frequency, inter-
ference light L5 of the reflected light (or backscattered
light) L3 of the measurement light L1 and the return light
L2a of the reference light L2 multiplexed by the multiplex-
ing/demultiplexing unit 4. The interference information
detecting unit 70 includes InGaAs photodetectors 71a
and 71b that measure the light intensity of the interfer-
ence light L5 and an interference light detecting unit 72
that performs a balance detection of a detected value of
the InGaAs photodetector 71 a and a detected value of
the InGaAs photodetector 71b. The interference light L5
is divided into two by the optical multiplexing/demultiplex-
ing unit 4, is detected by the InGaAs photodetectors 71
aand 71 b, and is outputted to the interference light de-
tecting unit 72. The interference light detecting unit 72
applies a Fourier transform to the interference light L5 in
synchronization with a sweeping trigger signal S of the
OCT light source 10 to detect the intensity of the reflected
light (or backscattered light) L3 at each depth position of
the measurement target T.

[0052] The CGimage generating unit 90 stores, as sig-
nal intensity information of interference information, the
intensity of the reflected light (or backscattered light) L3
at each depth position of the measurement target T de-
tected by the interference light detecting unit 72 ina mem-
ory 91 as optical three-dimensional structure information
storing device. The CGimage generating unit 90 includes
a signal processing unit 93 and a controlling unit 94 in
addition to the memory 91. The signal processing unit 93
generates an optical three-dimensional structure image
made of structure information of the measurement target
T based on the signal intensity information of the inter-
ference information stored in the memory 91. The con-
trolling unit 94 controls the signal processing unit 93, con-
trols the light emission of the OCT light source 10, and
controls the mirror moving unit 85.

[0053] Figure 3 is a block diagram showing a configu-
ration of the signal processing unit of Figure 1. As shown
in Figure 3, the signal processing unit 93 includes an
optical three-dimensional structure image generating
unit 120, a specific layer extracting/noise removing unit
121 as specific layer extracting device and noise area
deleting device, a missing area extracting unit 122 as
missing area extracting device, a missing area range cal-
culating unit 123 as missing area range calculating de-
vice, an region-of-interest classifying unit 124 as region-
of-interest classifying device, a threshold/reference val-
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ue storing unit 125, an attribute adding/controlling unit
126 as attribute adding device and attribute controlling
device, and a rendering unit 127 as computer graphic
image building device.

[0054] The optical three-dimensional structure image
generating unit 120 generates an optical three-dimen-
sional structure image made of the structure information
of the measurement target T based on the signal intensity
information of the interference information stored in the
memory 91.

[0055] The specific layer extracting/noise removing
unit 121 compares a range of continuous structure infor-
mation with a predetermined threshold to determine that
an area is a specific layer area (for example, a basement
membrane area or a muscularis mucosae area) of the
optical three-dimensional structure image built by the op-
tical three-dimensional structure image generating unit
120 if the range of the continuous structure information
is equal to or greater than the predetermined threshold
and to determine that an area is a noise area if the range
of the continuous structure information is smaller than
the predetermined threshold to extract the noise area of
the structure information of the measurement target T to
remove the noise area from the optical-dimensional
structure image.

[0056] The missing area extracting unit 122 extracts
missing areas in which the structure information is miss-
ing in the specific layer area extracted by the specific
layer extracting/noise removing unit 121.

[0057] The missing arearange calculating unit 123 cal-
culates the size, such as the area, of the missing range
extracted by the missing area extracting unit 122.
[0058] The region-of-interest classifying unit 124 com-
pares the sizes of the missing ranges calculated by the
missing area range calculating unit 123 with a predeter-
mined range determination reference value and classi-
fies the missing areas into a plurality of regions of interest
(for example, new blood vessel areas, micro cancer in-
vasion areas, and advanced cancer invasion areas) cor-
responding to the sizes of the missing ranges.

[0059] The threshold/reference value storing unit 125
stores the predetermined threshold used by the specific
layer extracting/noise removing unit 121, the range de-
termination reference value used by the region-of-inter-
est classifying unit 124, and the like.

[0060] The attribute adding/controlling unit 126 adds
and sets attributes to the specific layer areas extracted
by the specific layer extracting/noise removing unit 121
and the regions of interest classified by the region-of-
interest classifying unit 124.

[0061] Therenderingunit127 applies arendering proc-
ess to the structure information of the optical three-di-
mensional structure image generated by the optical
three-dimensional structure image generating unit 120,
the specific layer areas extracted by the specific layer
extracting/noise removing unit 121, and the regions of
interest classified by the region-of-interest classifying
unit 124 to generate a computer graphic image. Based
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on the attributes of the specific layer areas and the re-
gions of interest added and set to the attribute add-
ing/controlling unit 126, the rendering unit 127 builds the
computer graphic image to allow identifying the specific
layer areas and the regions of interest. Therefore, the
rendering unit 127 executes, for example, different color
processing or enhancement processing based on the at-
tributes of the specific layer areas and the regions of in-
terest to build a computer graphic image, such as an
optical three-dimensional structure CG image. The ren-
dering unit 127 is configured to output the built computer
graphic image to the monitor 100.

[0062] An operation of the optical three-dimensional
structure imaging device 1 of the present embodiment
configured as described above will be described with ref-
erence to a flow chart of Figure 4. Figure 4 is a flow chart
showing a flow of a three-dimensional CG image gener-
ating process of the optical three-dimensional structure
imaging device of Figure 1.

[0063] As shown in Figure 4, the controlling unit 94
causes the optical three-dimensional structure image
generating unit 120 to generate an optical three-dimen-
sional structure image made of the structure information
ofthe measurementtarget T based on the signal intensity
information of the interference information stored in the
memory 91 (step S1). The optical three-dimensional
structure image generating unit 120 performs noise re-
moving device, such as a low-pass filter or an averaging
process, to remove highfrequency noise smaller than the
size suitable for the determination of continuity.

[0064] The controlling unit 94 then causes the specific
layer extracting/noise removing unit 121 to extract the
structure information of the layer structure of the optical
three-dimensional structure image built by the optical
three-dimensional structure image generating unit 120
based on the predetermined threshold from the thresh-
old/reference value storing unit 125 (step S2),

[0065] The controlling unit 94 further causes the spe-
cific layer extracting/noise removing unit 121 to extract
noise information of the signal intensity information of the
interference information of the measurement target T
based on the predetermined threshold from the thresh-
old/reference value storing unit 125 and removes the
noise information from the optical three-dimensional
structure image (step S3).

[0066] Details of the processes of steps S2 and S3 will
be described with reference to Figures 5 to 7. Figure 5
is a diagram for explaining an example of a specific pro-
cedure in which the specific layer extracting/noise remov-
ing unit of Figure 3 extracts the specific layers from the
optical three-dimensional structure image and removes
noise of the optical three-dimensional structure image.
Figure 6 is a projection diagram of the specific layers
extracted by the specific layer extracting/noise removing
unit of Figure 3.

[0067] Inasection (A)of Figure 5, esophagusinaliving
body has a layer structure including, for example, from
the upper layer, a mucosal surface 150, a thin epithelial
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layer 151, a strongly scattered basement membrane 152,
relatively strongly scattered lamina propria mucosae
153, relatively weakly scattered muscularis mucosae
154, a strongly scattered submucosal layer 155, and a
muscular layer (not shown).

[0068] When a cancer develops on the epithelial layer
151, the thickness of the epithelial layer 151 increases,
and hypertrophy is developed on the epithelial layer 151.
The cancer first breaks the basement membrane 152 to
invade the lamina propria mucosae 153. If the cancer
further progresses, the invasion depth increases toward
the muscularis mucosae 154, the submucosal layer 155,
and the muscular layer. It is important to determine
whether the cancer has invaded below the basement
membrane 152 to distinguish the presence of the inva-
sion of the cancer.

[0069] When the optical three-dimensional structure
imaging device 1 applies OCT measurement to the mu-
cosal tissues of the esophagus shown in the section (A)
of Figure 5, the optical three-dimensional structure im-
aging device 1 can obtain signal intensity information of
interference information as in a section (B) of Figure 5.
To simplify the description, the section (B) of Figure 5
schematically illustrates mucosal surface intensity infor-
mation 150a, epithelial layer intensity information 151a,
and basement membrane intensity information 152a as
the signal intensity information of the interference infor-
mation of the mucosal surface 150, the epithelial layer
151, and the basement membrane 152 at a cross section
with a depth direction of the lamination of the esophagus.
[0070] Since there are, for example, capillaries 156 in
the epithelial layer 151 as shown in the section (A) of
Figure 5, capillary intensity information 156a correspond-
ing to the capillaries 156 is detected in the epithelial layer
intensity information 151a as shown in the section (B) of
Figure 5. The capillary intensity information 156a is shad-
owed relative to the lower layer during the OCT meas-
urement, and missing sections 158a without the intensity
information are generated in the basement membrane
intensity information 152a. A noise component 157a may
be further generated in the epithelial layer intensity infor-
mation 151a.

[0071] Therefore, the specific layer extracting/noise re-
moving unit 121 extracts mucosal surface structure in-
formation 150b, epithelial layer structure information
151b, and basement membrane structure information
152b as the structure information of the mucosal surface
150, the epithelial layer 151, and the basement mem-
brane 152 from the signal intensity information of the in-
terference information in step S2.

[0072] When the structure information is extracted,
structure information 156b and 157b of small areas
caused by the capillaries or noise is extracted in the ep-
ithelial layer structure information 151b as shown in a
section (C) of Figure 5, and missing areas 158b without
information shadowed by the capillaries and the like are
extracted in the basement membrane structure informa-
tion 152b.



15 EP 2 409 650 B1 16

[0073] In step S2, the specific layer extracting/noise
removing unit 121 compares the size of the range of con-
tinuous structure information (length of the continuous
structure information in the case of the section (C) of
Figure 5) with the predetermined threshold stored in the
threshold/reference value storing unit 125 and extracts
the mucosal surface 150, the epithelial layer 151, and
the basement membrane 152 that are the specific layer
areas of the optical three-dimensional structure image
built by the optical three-dimensional structure image
generating unit 120 if the size of the range of the contin-
uous structure information is equal to or greater than the
predetermined threshold. The missing areas 158b are
extracted along with the epithelial layer 151.

[0074] In step S3, the specific layer extracting/noise
removing unit 121 further determines that the areas are
noise areas if the size of the range of the continuous
structure information is smaller than the predetermined
threshold and extracts the noise areas of the structure
information of the measurement target T. The specific
layer extracting/noise removing unit 121 then removes
the noise areas from the optical three-dimensional struc-
ture image. Therefore, the specific layer extracting/noise
removing unit 121 removes the structure information
156b and 157b of the small areas shown in the section
(C) of Figure 5 as the noise areas from the optical three-
dimensional structure image in the process of step S3.
[0075] As a result of the processes of steps S2 and
S3, the specific layer extracting/noise removing unit 121
extracts a mucosal surface area 150A, an epithelial layer
area 151A, and a basement membrane area 152A that
are made of the structure information 156b and 157b and
from which the noise areas are removed as shown in a
section (D) of Figure 5. Missing areas 158A are extracted
along with the epithelial layer area 151A.

[0076] Although two-dimensional cross-sectional im-
ages are used and described in Figure 5 for the simplifi-
cation of the description, the specific layer extract-
ing/noise removing unit 121 specifically applies the proc-
esses of steps S2 and S3 to the entire optical three-di-
mensional structure image.

[0077] More specifically, the specific layer extract-
ing/noise removing unit 121 first extracts points (extrac-
tion points) where the signal intensity information of the
interference information is high in the depth direction.
This is applied to the entire three-dimensional image.
[0078] Adjacent extraction points are integrated to
form some extraction areas. In each extraction area, the
specific layer extracting/noise removing unit 121 sepa-
rates continuous layers (for example, the mucosal sur-
face area 150A, the epithelial layer area 151A, and the
basement membrane area 152A) and the other struc-
tures (for example, the structure information 156b and
157b: see the section (C) of Figure 5).

[0079] In each extraction area, the specific layer ex-
tracting/noise removing unit 121 determines that the lay-
ers are continuous layers (for example, the mucosal sur-
face area 150A, the epithelial layer area 151A, and the
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basement membrane area 152A) if the area of a projec-
tion diagram 170 (the size of the range of the continuous
structure information) is equal to or greater than a certain
area (the predetermined threshold stored in the thresh-
old/reference value storing unit 125) in the projection di-
agram 170 as seen from the upper surface shown in Fig-
ure 6 and assumes that the areas are noise areas in the
other cases (for example, the structure information 156b
and 157b: see the section (C) of Figure 5) to remove the
noise areas.

[0080] Returning to Figure 4, the controlling unit 94
causes the missing area extracting unit 122 to extract
the plurality of missing areas 158A generated on the pro-
jection diagram 170 of the basement membrane area
152A shown for example in Figure 6 (step S4),

[0081] The controlling unit 94 causes the missing area
range calculating unit 123 to calculate the sizes, such as
areas, ofthe missing areas 158A extracted by the missing
area extracting unit 122 (step S5).

[0082] The controlling unit 94 causes the region-of-in-
terest classifying unit 124 to compare the sizes of the
missing areas 158A calculated by the missing arearange
calculating unit 123 with the predetermined range deter-
mination reference value from the threshold/reference
value storing unit 125 and classify the missing areas
158A into a plurality of regions of interest (for example,
new blood vessel areas, micro cancer invasion areas,
and advanced cancer invasion areas) corresponding to
the sizes of the missing ranges (step S6).

[0083] Specifically, the region-of-interest classifying
unit 124 classifies the missing areas 158A in the projec-
tion diagram 17 into regions of interest of classes corre-
sponding to, for example, the diameters. For example,
the region-of-interest classifying unit 124 classifies the
missing areas 158A into regions of interest A if the diam-
eteris less than 10 microns (for example, normal capillary
areas or noise), regions of interest B if the diameteris 10
microns or more and less than 200 microns (for example,
new blood vessel areas), regions of interest C if the di-
ameter is 200 microns or more and less than 1 mm (for
example, micro invasion areas), and regions of interest
D ifthe diameter is 1 mm or more (for example, advanced
invasion areas).

[0084] The controlling unit 94 causes the attribute add-
ing/controlling unit 126 to add and set attributes to the
specific layer areas (the mucosal surface area 150A, the
epithelial layer area 151A, and the basement membrane
area 152A) extracted by the specific layer extract-
ing/noise removing unit 121 and to the regions of interest
classified by the region-of-interest classifying unit 124
(step S7). For example, color attributes are added and
set to the specific layer areas and the regions of interest.
[0085] The controlling unit94 causes the rendering unit
127 to apply a rendering process to the optical three-
dimensional structure image generated by the optical
three-dimensional structure image generating unit 120
and the structure information of the specific layer areas
extracted by the specific layer extracting/noise removing
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unit 121 and the regions of interest classified by the re-
gion-of-interest classifying unit 124 to generate a com-
puter graphic image (step S8). The rendering unit 127
builds the computer graphic image based on the at-
tributes of the specific layer areas and the regions of in-
terest added and set by the attribute adding/controlling
unit 126 to allow identifying the specific layer areas and
the regions of interest. More specifically, the rendering
unit 127 executes, for example, different color processing
or enhancement processing based on the attributes of
the specific layer areas and the regions of interest to build
the computer graphic image.

[0086] The controlling unit 94 outputs the computer
graphic image built by the rendering unit 127 to the mon-
itor 100 and displays the computer graphic image on the
monitor 100 (step S9).

[0087] The processes of steps S6 to S8 will be specif-
ically described in first and subsequent examples.

<First Example>

[0088] Figure 7 is a diagram explaining deletion of the
regions of interest A from the specific layers by the at-
tribute adding/controlling unit of Figure 3 according to a
first example. Figure 8 is a diagram showing an example
of a computer graphic image generated by the rendering
unit of Figure 3 according to the first example.

[0089] In the case of the missing areas 158b in the
basement membrane area 152A described in Figures 5
and 6, the region-of-interest classifying unit 124 classifies
the missing areas 158b into, for example, the regions of
interest A (for example, normal capillary areas or noise)
in step S6 if the areas are smaller than 10 microns.
[0090] The attribute adding/controlling unit 126 adds
the same attribute as that of the basement membrane
area 152A to the regions of interest A in step S7 to delete
the regions of interest A (missing areas 158b) from the
basement membrane area 152A as shown in Figure 7.
[0091] In this way, the rendering unit 127 renders the
specific layer areas (the mucosal surface area 150A, the
epithelial layer area 151A, and the basement membrane
area 152A) including the color attributes added to the
optical three-dimensional structure image generated by
the optical three-dimensional structure image generating
unit 120 to generate a computer graphic image 140 in
step S8 as shown in Figure 8. In the computer graphic
image 140, the missing areas 158 are deleted from the
basement membrane area 152A.

<Second Example>

[0092] Figure 9 is a diagram for explaining a second
example of the procedure of Figure 5. Figure 10 is a pro-
jection diagram of the specific layers according to the
second example extracted by the specific layer extract-
ing/noise removing unit of Figure 3. Figure 11 is a dia-
gram explaining processing according to the second ex-
ample of the regions of interest in the specific layers by
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the attribute adding/controlling unit of Figure 3. Figure 12
is adiagram showing an example of the computer graphic
image according to the second example generated by
the rendering unit of Figure 3. The processing content in
sections (A) to (D) of Figure 9 is the same as the process-
ing content in the sections (A) to (D) of Figure 5, and the
description will not be repeated.

[0093] As shownin Figure 9, when the cancer invades
the basementmembrane area 152A and part of the base-
ment membrane area 152A is lost, the region-of-interest
classifying unit 124 classifies in step S6 a missing area
180b caused by the loss into the region of interest D (for
example, advanced invasion areas) if the diameter is, for
example, 1 mm or more. The region-of-interest classify-
ing unit 124 classifies the missing areas 158b in the sec-
tions (A) to (D) of Figure 9 into the regions of interest A
(for example, normal capillary areas or noise) as in the
first example if the diameter is, for example, less than 10
microns.

[0094] In each extraction area, the specific layer ex-
tracting/noise removing unit 121 determines that the lay-
ers are continuous layers (for example, the mucosal sur-
face area 150A, the epithelial layer area 151A, and the
basement membrane area 152A) if the area (the size of
the range of the continuous structure information) of the
projection diagram 170 is equal to or greater than a cer-
tain area (the predetermined threshold stored in the
threshold/reference value storing unit 125) in the projec-
tion diagram 170 as seen from the upper surface shown
in Figure 10 and assumes that the area is a noise area
in the other cases (for example, the structure information
156b and 157b) to remove the area.

[0095] The attribute adding/controlling unit 126 adds
the same attribute as that of the basement membrane
area 152A to the regions of interest A in the projection
diagram 170 to delete the regions of interest A (the miss-
ing areas 158) from the basement membrane area 152A
as shown in Figure 11 and leaves the missing area 180b
on the basement membrane area 152A as the region of
interest D (advanced invasion area) with a diameter of 1
mm or more (step S7).

[0096] In this way, the rendering unit 127 renders the
specific layer areas (the mucosal surface area 150A, the
epithelial layer area 151A, and the basement membrane
area 152A), in which, for example, identifiable color at-
tributes are added to the optical three-dimensional struc-
ture image generated by the optical three-dimensional
structure image generating unit 120 to generate the com-
puter graphic image 140 in step S8 as shown in Figure
12. Inthe computer graphicimage 140, the missing areas
158 are deleted from the basement membrane area
152A, and an advanced invasion area as the region of
interest D (the missing area 180b) provided with, for ex-
ample, an identifiable color attribute is rendered in the
basement membrane area 152A.
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<Third Example>

[0097] Figure 13 is a projection diagram of specific lay-
ers according to a third example extracted by the specific
layer extracting/noise removing unit of Figure 3. Figure
14 is a diagram showing an example of the computer
graphic image according to the third example generated
by the rendering unit of Figure 3.

[0098] Inthe case of early-stage cancer of esophagus,
new blood vessels pass through the submucosal layer
and the basement membrane to extend to the mucosal
epithelial layer to form an IPCL (intra-epithelial papillary
capillary loop). If the cancer progresses, the cancer
breaks the basement membrane and enters the submu-
cosal layer. The new blood vessels are formed in random
directions toward the cancer. In normal endoscopy, a
method of determining the grade of cancer from the den-
sity distribution and the shapes of the new blood vessels
that can be seen through from the surface is implement-
ed. However, only the new blood vessels approaching
the mucosal surface are observed.

[0099] Thethird exampleis an example for determining
the distribution of the new blood vessels inside a living
body and observing the state of the basement membrane
based on the new blood vessels.

[0100] The region-of-interest classifying unit 124 clas-
sifies the missing areas into, for example, the regions of
interest A to D in step S6.

[0101] The attribute adding/controlling unit 126 adds
the same attribute as that of the basement membrane
area 152A to the regions of interest A in the projection
diagram 170 to delete the regions of interest A (the miss-
ing areas 158) from the basement membrane area 152A
as shown in Figure 13 and leaves missing areas 190b
as the regions of interest B (new blood vessel areas) with
diameters of 10 microns or more and less than 200 mi-
crons, a missing area 191b as the region of interest C
(micro invasion area) with a diameter of 200 microns or
more and less than 1 mm, and a missing area 192b as
the region of interest D (advanced invasion area) with a
diameter of 1 mm or more on the basement membrane
area 152A (step S7).

[0102] In this way, the rendering unit 127 renders the
specific layer areas (the mucosal surface area 150A, the
epithelial layer area 151A, and the basement membrane
area 152A) including, for example, identifiable color at-
tributes added to the optical three-dimensional structure
image generated by the optical three-dimensional struc-
ture image generating unit 120 to generate the computer
graphic image 140 in step S8 as shown in Figure 14. In
the computer graphic image 140, the missing areas 158
are deleted from the basement membrane area 152A,
and the new blood vessel areas, the micro invasion area,
and the advanced invasion area as the regions of interest
B to D (the missing areas 190b, the missing area 191b,
and the missing area 192b) provided with, for example,
identifiable color attributes in the basement membrane
area 152A are rendered.
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[0103] Figure 15 is a diagram showing a distribution
image of new blood vessels generated by the attribute
adding/controlling unit of Figure 3. Figure 16 is a diagram
when the distribution image of the new blood vessels of
Figure 15 is superimposed on the basement membrane
area. Figure 17 is a diagram showing a computer graphic
image rendering the distribution image of the new blood
vessels of Figure 15.

[0104] The attribute adding/controlling unit 126 of the
third example generates a distribution of new blood ves-
sels as a distribution image 200 as shown in Figure 15
and can superimpose the distribution image 200 of the
new blood vessels on the projection diagram 170 of the
basement membrane area 152A as shown in Figure 16.
As aresult, the rendering unit 127 can generate the com-
puter graphic image 140 as shown in Figure 17 that al-
lows easily recognizing the distribution state of the new
blood vessels in the basement membrane, and the can-
cer can be more surely diagnosed.

[0105] In the third example, the density of new blood
vessels and the state of invasion can be particularly dis-
played in an easily understood manner based on the
structure of the basement membrane. A layer structure
is more surely extracted even in an unclear area at a
deep section caused by a structure at a shallow area.
The third example is also effective in the diagnosis of
age-related macular degeneration, diabetic retinopathy,
retinal vein occlusion, and neovascular glaucoma that
cause intraocular new blood vessels. In this case, retina
is extracted and observed instead of the basement mem-
brane.

[0106] As described in the present embodiment and
the first to third embodiments, the following advanta-
geous effects can be particularly obtained.

(1) A specific layer can be easily extracted evenif a
living structure is changed by a lesion.

(2) A layer structure can be more surely extracted
even in an unclear area at a deep section caused by
a structure in a shallow area.

(3) A loss of continuity of layer structures caused by
cancer can be easily determined.

[0107] According to the present embodiment, the con-
tinuity of layer areas can be easily identified from struc-
ture information of a measurement target with a layer
structure, and structure information of an unclear layer
area at a deep section caused by a structure in a shallow
layer area can be surely extracted.

[0108] Figure 18 is a diagram superimposing the pro-
jection diagram of Figure 11 on an endoscopic image.
When the probe 40 is inserted to a clamp channel of an
endoscope to perform endoscopic image observation
and OCT measurement in the present embodiment and
the first to third embodiments, the rendering unit 127 can
superimpose the projection diagram 170 on an endo-
scopic image 300 in a translucent state as shown in Fig-
ure 18. The rendering unit 127 can display, on the monitor
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100, an image formed by superimposing the projection
diagram 170 on the endoscopic image 300 in a translu-
cent state to improve the diagnosis of cancer.

[0109] Examples of methods of cancer screening in-
clude a known method called NBI (Narrow Band Imaging)
and a known method called FICE (Flexible spectral Im-
aging Color Enhancement). These are methods for im-
aging blue and green wavelength regions to facilitate
viewing the features of the lesion. An image formed by
superimposing the projection diagram 170 on an
NBI/FICE image in a translucent state may be displayed
on the monitor 100.

[0110] Although the optical three-dimensional struc-
ture measuring device of the present invention has been
described in detail, the present invention is not limited to
the examples, and it is obvious that various modifications
and changes can be made without departing from the
scope of the present invention.

[0111] Although an example of the basement mem-
brane of esophagus has been described, the invasion
can be viewed in an easily understood manner if muscu-
laris mucosae is extracted in other digestive tracts, such
as stomach, small intestine, and large intestine. The
present invention can also be applied to tissues if a spe-
cific membrane or a layer structure is abnormally
changed in the tissues, such as digestive tracts including
oral cavity, tongue, pharynx, stomach, small intestine,
large intestine, and bile duct that have basement mem-
branes, respiratory organs including nasal cavity, larynx,
and bronchi, urinary organsincluding bladder, ureter, and
urethra, genital organs including womb and vagina, skin,
and ocular fundus with a layer structure.

{Reference Signs List}

[0112] 1 ... optical three-dimensional structure imag-
ing device, 10 ... OCT light source, 30 ... OCT interfer-
ometer, 40 ... probe, 70 ... interference information de-
tecting unit, 90 ... CG image generating unit, 91 ... mem-
ory, 93 ... signal processing unit, 94 ... controlling unit,
100 ... monitor, 120 ... optical three-dimensional struc-
ture image generating unit, 121 ... specific layer extract-
ing/noise removing unit, 122 ... missing area extracting
unit, 123 ... missing area range calculating unit, 124 ...
region-of-interest classifying unit, 125 ... threshold/refer-
ence value storing unit, 126 ... attribute adding/control-
ling unit, 127 ... rendering unit

Claims

1. An optical three-dimensional structure OCT meas-
uring device (1) that directs measurement light in a
depth direction of a lamination of a measurement
target with a layer structure and that two-dimension-
ally scans an optical axis of the measurement light
to acquire optical three-dimensional structure infor-
mation of the measurement target, the optical three-
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dimensional structure measuring device comprising:

optical three-dimensional structure information
storing means (91) configured for storing the op-
tical three-dimensional structure information;
and

specific layer extracting means (121) configured
for comparing intensity information values of the
optical three-dimensional structure information
stored in the optical three-dimensional structure
information storing means with a predetermined
threshold and extracting, as a specific layer area
of the measurement target, an area equal to or
greater than a predetermined range where the
intensity information values of the optical three-
dimensional structure information equal to or
greater than the predetermined threshold con-
tinue;

characterized by

missing area extracting means (122) configured
for extracting, as missing areas, areas where
the intensity information values of the optical
three-dimensional structure information are
smaller than the predetermined threshold in the
specific layer area;

missing area range calculating means (123)
configured for calculating sizes of ranges of the
missing areas; and

region-of-interest classifying means (124) con-
figured for comparing the sizes of the ranges of
the missing areas with a plurality of predeter-
mined range determination reference values
and classifying the missing areas into a plurality
of types of regions of interest of classes corre-
sponding to the sizes of the ranges of the miss-
ing areas.

The optical three-dimensional structure measuring
device according to claim 1, wherein

the specific layer extracting means (121) comprises
noise area deleting means configured for determin-
ing an area as a noise area to delete the area from
the optical three-dimensional structure information
if the area where the intensity information values of
the optical three-dimensional structure information
equal to or greater than the predetermined threshold
continue is smaller than the predetermined range.

The optical three-dimensional structure measuring
device according to claim 1 or 2, further comprising
computer graphic image building means (127) con-
figured for applying arendering process to the optical
three-dimensional structure information to build a
computer graphic image.

The optical three-dimensional structure measuring
device according to claim 3, comprising
attribute adding means (126) configured for adding
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attributes that can identify the specific layer area and
the regions of interest to the specific layer area and
the regions of interest, wherein the computer graphic
image building means (127) is configured to apply a
rendering process to the optical three-dimensional
structure information to build the computer graphic
image including the specific layer area and the re-
gions of interest at least provided with the attributes.

The optical three-dimensional structure measuring
device according to claim 4, wherein

the computer graphic image building means (127) is
configured to build, as the computer graphic image,
a projection image projecting the specific layer area
in the depth direction of the lamination of the meas-
urement target.

The optical three-dimensional structure measuring
device according to claim 4 or 5, wherein

the computer graphic image building means (127) is
configured to apply a rendering process to the optical
three-dimensional structure information to build an
optical three-dimensional structure image as the
computer graphic image.

The optical three-dimensional structure measuring
device according to any one of claims 4 to 6, wherein
the attribute adding means (126) comprises attribute
controlling means configured for setting, as the at-
tribute of the specific layer area, an attribute of the
regions of interest smaller than a minimum range
determination reference value at least among the
predetermined range determination reference val-
ues.

The optical three-dimensional structure measuring
device according to claim 7, wherein

the attribute controlling means is configured to add
different attributes to each of the regions of interest
classified by the region-of-interest classifying means
(124) based on a plurality of range determination ref-
erence values with values greater than the minimum
range determination reference value among the pre-
determined range determination reference values.

The optical three-dimensional structure measuring
device according to any one of claims 1to 8, wherein
the measurement target is living mucosal tissues,
and the region-of-interest classifying means (124) is
configured to classify the region of interest that is
equal to or greater than a first range determination
reference value and that is smaller than a second
range determination reference value, which is great-
erthan the firstrange determination reference value,
among the predetermined range determination ref-
erence values into a new blood vessel area.

10. The optical three-dimensional structure measuring
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device according to claim 9, wherein is

the region-of-interest classifying means (124) is con-
figured to classify the region of interest that is equal
to or greater than the second range determination
reference value among the predetermined range de-
termination reference values into a cancer invasion
area.

The optical three-dimensional structure measuring
device according to claim 9 or 10, further comprising
new blood vessel distribution image generating
means configured for generating a distribution of the
new blood vessel area determined by the region-of-
interest classifying means (124) as a new blood ves-
sel distribution image in the specific layer area.

The optical three-dimensional structure measuring
device according to any one of claims 9to 11, where-
in

the specificlayer area includes atleastone of abase-
ment membrane area and a muscularis mucosae
area of the living mucosal tissues.

A structure information processing method of an op-
tical three-di-mensional structure OCT measuring
device that directs measurement light in a depth di-
rection of a lamination of a measurement target with
a layer structure and that two-dimensionally scans
an optical axis of the measurement light to acquire
optical three-dimensional structure information of
the measurement target, the structure information
processing method comprising:

an optical three-dimensional structure informa-
tion storing step of storing the optical three-di-
mensional structure information; and

a specific layer extracting step of comparing in-
tensity information values of the optical three-
dimensional structure information stored in the
optical three-dimensional structure information
storing step with a predetermined threshold and
extracting, as a specific layer area of the meas-
urement target, an area equal to or greater than
a predetermined range where the intensity in-
formation values of the optical three-dimension-
al structure information equal to or greater than
the predetermined threshold continue;
characterized by

a missing area extracting step of extracting, as
missing areas, areas where the intensity infor-
mation values of the optical three-dimensional
structure information are smaller than the pre-
determined threshold in the specific layer area;
a missing area range calculating step of calcu-
lating sizes of ranges of the missing areas; and
a region-of-interest classifying step of compar-
ing the sizes of the ranges of the missing areas
with a plurality of predetermined range determi-
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nation reference values and classifying the
missing areas into a plurality of types of regions
of interest of classes corresponding to the sizes
the ranges of the missing areas.

Patentanspriiche

1.

Optische OCT-Messvorrichtung (1) fir dreidimensi-
onale Strukturen, die Messlicht in Tiefenrichtung ei-
ner Schichtanordung eines Messziels mit einer
Schichtstruktur richtet, und die eine optische Achse
des Messlichts zweidimensional abtastet, um opti-
sche dreidimensionale Strukturinformation des
Messziels zu erfassen, wobei die optische Messvor-
richtung flr dreidimensionale Strukturen umfasst:

eine Speichereinrichtung (91) fiir optische drei-
dimensionale Strukturinformation, konfiguriert
zum Speichern der optischen dreidimensiona-
len Strukturinformation; und

eine Sonderschicht-Extrahiereinrichtung (121),
konfiguriert zum Vergleichen von Intensitatsin-
formationswerten der in der Speichereinrich-
tung fir optische dreidimensionale Strukturin-
formation gespeicherten optischen dreidimensi-
onalen Strukturinformation mit einem vorbe-
stimmten Schwellenwert, und zum Extrahieren
- als ein Sonderschichtengebiet des Messziels
- eines Gebiets, welches gleich oder grofRer ist
als ein vorbestimmter Bereich, in welchem die
Intensitatsinformationswerte der optischen drei-
dimensionalen Strukturinformation, die gleich
oder groRer als der vorbestimmte Schwellen-
wert sind, sich fortsetzen;

gekennzeichnet durch

eine Fehlgebiets-Extrahiereinrichtung (122),
konfiguriert, um als Fehlgebiete solche Gebiete
zu extrahieren, in denen die Intensitatsinforma-
tionswerte der optischen dreidimensionalen
Strukturinformation kleiner als der vorbestimm-
te Schwellenwert in dem Sonderschichtenge-
biet sind;

eine Fehlgebiets-Bereichsberechnungseinrich-
tung (123), konfiguriert zum Berechnen der Gro-
3en von Bereichen der Fehlgebiete; und

eine Interessenszonen-Klassifiziereinrichtung
(124), konfiguriert zum Vergleichen der Grofien
der Bereiche der Fehlgebiete mit einer Mehrzahl
von vorbestimmten Bereichsbestimmungs-Re-
ferenzwerten und zum Klassifizieren der Fehl-
gebiete in einen von mehreren Typen von Inte-
ressenszonen von Klassen, die den GroRen der
Bereiche der Fehlgebiete entsprechen.

2. Vorrichtung nach Anspruch 1, bei der

die Sonderschichten-Extrahiereinrichtung (121) ei-
ne Rauschgebiets-Ldscheinrichtung aufweist, kon-
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figuriert zum Bestimmen eines Gebiets als Rausch-
gebiet, um dieses Gebiet aus der optischen dreidi-
mensionalen Strukturinformation dann zu l6schen,
wenn der Bereich, in welchem die Intensitatsinfor-
mationswerte der optischen dreidimensionalen
Strukturinformation, die gréRer oder gleich als der
vorbestimmte Schwellenwert sind, sich fortsetzen,
kleiner als der vorbestimmte Bereich ist.

Vorrichtung nach Anspruch 1 oder 2, weiterhin um-
fassend:

eine Computergraphik-Bildaufbaueinrichtung
(123), konfiguriert zum Anwenden eines Ren-
der-Prozesses auf die optische dreidimensiona-
le Strukturinformation, um ein Computergra-
phik-Bild aufzubauen.

Vorrichtung nach Anspruch 3, umfassend:

eine Attribut-Hinzufligeeinrichtung (126), konfi-
guriert zum Hinzufligen von Attributen, welche
das Sonderschichtengebiet und die Interes-
senszonen identifizieren konnen, zu dem Son-
derschichtengebiet und den Interessenszonen,
wobei die Computergraphik-Bildaufbaueinrich-
tung (127) konfiguriert ist zum Anwenden eines
Renderprozesses auf die optische dreidimensi-
onale Strukturinformation, um das Computer-
graphik-Bild einschlieRlich des Sonderschich-
tengebiets und der Interessenszonen zumin-
dest mit den Attributen ausgestattet aufzubau-
en.

Vorrichtung nach Anspruch 4, bei der

die Computergraphikbild-Aufbaueinrichtung (127)
konfiguriert ist zum Aufbauen - als das Computer-
graphik-Bild - eines Projektionsbilds, welches das
Sonderschichtengebiet in der Tiefenrichtung der
Schichtung des Messziels projiziert.

Vorrichtung nach Anspruch 4 oder 5, bei der

die Computergraphikbild-Aufbaueinrichtung (127)
konfiguriert ist zum Anwenden eines Renderprozes-
ses auf die optische dreidimensionale Strukturinfor-
mation, um ein optisches dreidimensionales Struk-
turbild als das Computergraphik-Bild aufzubauen.

Vorrichtung nach einem der Anspriiche 4 bis 6, bei
der

die Attribut-Hinzufligeeinrichtung (126) eine Attribut-
Steuereinrichtung aufweist, konfiguriert, um als das
Attribut des Sonderschichtengebiets ein Attribut der
Interessenszonen einzustellen, die kleiner als ein
minimaler Bereichsbestimmungs-Referenzwert zu-
mindest unter den vorbestimmten Bereichsbestim-
mungs-Referenzwerten sind.
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Vorrichtung nach Anspruch 7, bei der

die Attributsteuereinrichtung konfiguriert ist, um un-
terschiedliche Attribute zu jeder der Interessenszo-
nen hinzuzufiigen, die von der Interessenszonen-
Klassifiziereinrichtung (124) klassifiziert sind, basie-
rend auf einer Mehrzahl von Bereichsbestimmungs-
Referenzwerten mit Werten grof3er als der minimale
Bereichsbestimmungs-Referenzwert unter den vor-
bestimmten Bereichsbestimmungs-Referenzwer-
ten.

Vorrichtung nach einem der Anspriiche 1 bis 8, bei
der

das Messziel lebende Schleimhautgewebe sind, und
die Interessenszonen-Klassifiziereinrichtung (124)
konfiguriert ist, um diejenige Interessenszone in ein
neues Blutgefalgebiet zu klassifizieren, die gleich
oder groRer ist als ein erster Bereichsbestimmungs-
Referenzwertundkleinerist als ein zweiter Bereichs-
bestimmungs-Referenzwert, der groRRer als der erste
Bereichsbestimmungs-Referenzwert ist, unter den
vorbestimmten  Bereichsbestimmungs-Referenz-
werten.

Vorrichtung nach Anspruch 9, bei der

die Interessenszonen-Klassifiziereinrichtung konfi-
guriert ist, um diejenige Interessenszone in ein
Krebsbefallgebiet zu klassifizieren, die gleich oder
groRer ist als der zweite Bereichsbestimmungs-Re-
ferenzwert unter den vorbestimmten Bereichsbe-
stimmungs-Referenzwerten.

Vorrichtung nach Anspruch 9 oder 10, weiterhin um-
fassend

eine  Neu-Blutgefal3-Verteilungsbild-Erzeugungs-
einrichtung, konfiguriert zum Erzeugen einer Vertei-
lung des Neu-BlutgefalRgebiets, welches von der In-
teressenszonen-Klassifiziereinrichtung (124) be-
stimmt wurde, als Neu-BlutgeféaR-Verteilungsbild in
dem Sonderschichtengebiet.

Vorrichtung nach einem der Anspriche 9 bis 11, bei
dem das Sonderschichtengebiet ein Basalmemb-
rangebiet und/oder Muscularis-Mucosae-Gebiet
des lebenden Schleimhautgewebes enthalt.

Strukturinformations-Verarbeitungsverfahren einer
OCT-Messvorrichtung fiir optische dreidimensiona-
le Strukturen, die Messlicht in Tiefenrichtung einer
Schichtung eines Messziels mit einer Schichtstruk-
tur richtet, und die eine optische Achse des Mess-
lichts zweidimensional abtastet, um optische dreidi-
mensionale Strukturinformation des Messziels zu er-
fassen, wobei das Strukturinformations-Verarbei-
tungsverfahren umfasst:

einen Strukturinformations-Speicherschritt fir
optische dreidimensionale Strukturen, der die
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optische dreidimensionale Strukturinformation
speichert; und

einen Sonderschichten-Extrahierschritt des
Vergleichens von Intensitatsinformationswer-
ten der in dem Speicherschritt fiir optische drei-
dimensionale Strukturinformation gespeicher-
ten optischen dreidimensionalen Strukturinfor-
mation mit einem vorbestimmten Schwellen-
wert, und des Extrahierens - als Sonderschich-
tengebiet des Messziels - eines Gebiets, wel-
ches gleich oder gréRer als ein vorbestimmter
Bereich ist, in welchem die Intensitats-Informa-
tionswerte der optischen dreidimensionalen
Strukturinformation, die gleich oder gréRer als
der vorbestimmte Schwellenwert sind, sich fort-
setzen;

gekennzeichnet durch

einen Fehlgebiets-Extrahierschritt, der - als
Fehlgebiete - Gebiete extrahiert, wo die Inten-
sitatsinformationswerte der optischen dreidi-
mensionalen Strukturinformation kleiner sind
als der vorbestimmte Schwellenwert in dem
Sonderschichtengebiet;

einen Fehlgebiets-Bereichsberechnungsschritt
zum Berechnen von Gréfien von Bereichen der
Fehlgebiete; und

einen Interessenszonen-Klassifizierschritt des
Vergleichens der GréRRen der Bereiche der Fehl-
gebiete mit einer Mehrzahl vorbestimmter Be-
reichsbestimmungs-Referenzwerte, und des
Klassifizierens der Fehlgebiete in einem von
mehreren Typen von Interessenszonen von
Klassen, die den Gro3en der Bereiche der Fehl-
gebiete entsprechen.

Revendications

Dispositif optique de mesure de TCO de structure
tridimensionnelle (1) qui dirige une lumiére de me-
sure dans une direction de profondeur d’un stratifié
d’'une cible de mesure possédant une structure en
couches et qui balaye bidimensionnellement un axe
optique de la lumiére de mesure afin d’acquérir une
information de structure tridimensionnelle optique de
la cible de mesure, le dispositif de mesure de struc-
ture tridimensionnelle optique comportant :

un moyen de stockage d’information de structu-
re tridimensionnelle optique (91) configuré pour
mémoriser l'information de structure tridimen-
sionnelle optique ; et

un moyen d’extraction de couche spécifique
(121) configuré pour comparer des valeurs d’in-
formation d’intensité de I'information de structu-
re tridimensionnelle optique mémorisée dans le
moyen de stockage d’information de structure
tridimensionnelle optique a un seuil prédétermi-
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né et extraire, sous la forme d’'une zone de cou-
che spécifique de la cible de mesure, une zone
égale a ou supérieure a une plage prédétermi-
née ou les valeurs d’information d’intensité de
linformation de structure tridimensionnelle op-
tique égale a ou supérieure au seuil prédéter-
miné continuent ;

caractérisé par

un moyen d’extraction de zone manquante
(122) configuré pour extraire, en tant que zones
manquantes, des zones lorsque les valeurs d’in-
formation d’intensité de I'information de structu-
re tridimensionnelle optique sont inférieures au
seuil prédéterminé dans la zone de couche
spécifique ;

un moyen de calcul de plage de zone manquan-
te (123) configuré pour calculer des tailles de
plages de zones manquantes ; et

un moyen de classification de régions dignes
d’'intérét (124) configuré pour comparer les
tailles des plages des zones manquantes a une
pluralité de valeurs de référence de détermina-
tion de plage prédéterminée et classifier les zo-
nes manquantes dans une pluralité de types de
régions dignes d’intérét de classes correspon-
dant aux tailles des plages des zones manquan-
tes.

Dispositif de mesure de structure tridimensionnelle
optique selon la revendication 1, dans lequel

le moyen d’extraction de couche spécifique (121)
comporte un moyen de suppression de zone de bruit
configuré pour déterminer une zone entantque zone
de bruit afin de supprimer la zone de l'information
de structure tridimensionnelle optique si la zone ou
les valeurs d’'information d’intensité de I'information
de structure tridimensionnelle optique égale a ou su-
périeure au seuil prédéterminé continuent est infé-
rieure a la plage prédéterminée.

Dispositif de mesure de structure tridimensionnelle
optique selon larevendication 1 ou 2, comportant en
outre

un moyen de construction d’'image graphique infor-
matique (127) configuré pour appliquer un proces-
sus de rendu a l'information de structure tridimen-
sionnelle optique pour construire une image graphi-
que informatique.

Dispositif de mesure de structure tridimensionnelle
optique selon la revendication 3, comportant

un moyen d’addition d’attribut (126) configuré pour
ajouter des attributs qui peuvent identifier la zone de
couche spécifique et les régions dignes d’intérét a
la zone de couche spécifique et aux régions dignes
d’'intérét, dans lequel le moyen de construction
d’'image graphique informatique (127) est configuré
pour appliquer un processus de rendu a l'information
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de structure tridimensionnelle optique pour construi-
re 'image graphique informatique comprenant la zo-
ne de couche spécifique et les régions dignes d’in-
térét au moins prévues avec les attributs.

Dispositif de mesure de structure tridimensionnelle
optique selon la revendication 4, dans lequel

le moyen de construction d’image graphique infor-
matique (127) est configuré pour construire, sous la
forme de I'image graphique informatique, une image
de projection projetant la zone de couche spécifique
dans ladirection de profondeur du stratifié de la cible
de mesure.

Dispositif de mesure de structure tridimensionnelle
optique selon la revendication 4 ou 5, dans lequel
le moyen de construction d’image graphique infor-
matique (127) est configuré pour appliquer un pro-
cessus de rendu a linformation de structure tridi-
mensionnelle optique pour construire une image de
structure tridimensionnelle optique en tant qu'image
graphique informatique.

Dispositif de mesure de structure tridimensionnelle
optique selon I'une quelconque revendication 4 a 6,
dans lequel

le moyen d’addition d’attribut (126) comporte un
moyen de contréle d’attribut configuré pour détermi-
ner, en tant qu’attribut de la zone de couche spéci-
fique, un attribut des régions dignes d’intérét infé-
rieur a une valeur de référence de détermination de
plage minimum au moins parmi les valeurs de réfé-
rence de détermination de plage prédéterminée.

Dispositif de mesure de structure tridimensionnelle
optique selon la revendication 7, dans lequel

le moyen de contréle d’attribut est configuré pour
ajouter différents attributs a chacune des régions di-
gnes d’intérét classifiees par le moyen de classifica-
tion de régions dignes d’intérét (124) en fonction
d’une pluralité de valeurs de référence de détermi-
nation de plage avec des valeurs supérieures a la
valeur de référence de détermination de plage mini-
mum parmi les valeurs de référence de détermina-
tion de plage prédéterminée.

Dispositif de mesure de structure tridimensionnelle
optique selon I'une quelconque revendication 1 a 8,
dans lequel

lacible de mesure est constituée par des muqueuses
vivantes, et le moyen de classification de régions
dignes d’intérét (124) est configuré pour classifier la
région digne d’intérét qui est égale a ou supérieure
aune premiére valeur de référence de détermination
de plage et qui est inférieure a une seconde valeur
de référence de détermination de plage, qui est su-
périeure a la premiére valeur de référence de déter-
mination de plage, parmi les valeurs de référence
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de détermination de plage prédéterminées dans une
zone de nouveau vaisseau sanguin.

Dispositif de mesure de structure tridimensionnelle
optique selon la revendication 9, dans lequel

le moyen de classification de régions dignes d’intérét
(124) est configuré pour classifier la région digne
d’intérét qui est égale a ou supérieure a la seconde
valeur de référence de détermination de plage parmi
les valeurs de référence de détermination de plage
prédéterminées en une zone d’invasion cancéreuse.

Dispositif de mesure de structure tridimensionnelle
optique selon la revendication 9 ou 10, comportant
en outre

un moyen de génération d'image de répartition de
nouveau vaisseau sanguin configuré pour générer
une répartition de zone de nouveau vaisseau san-
guin déterminée par le moyen de classification de
régions dignes d’intérét (124) en tant qu’image de
répartition de nouveau vaisseau sanguin dans la zo-
ne de couche spécifique.

Dispositif de mesure de structure tridimensionnelle
optique selon 'une quelconque revendication9a 11,
dans lequel

la zone de couche spécifique comprend au moins
I'une d’'une zone de membrane basale et d’'une zone
de muscularis mucosae des tissus des muqueuses
vivantes.

Procédé de traitement d’information de structure
d’un dispositif de mesure par TCO de structure tri-
dimensionnelle optique qui dirige une lumiére de me-
sure dans une direction de profondeur d’un stratifié
d’une cible de mesure avec une structure de couche
et qui balaye bidimensionnellement un axe optique
de la lumiére de mesure pour acquérir une informa-
tion de structure tridimensionnelle optique de la cible
de mesure, le procédé de traitement d’'information
de structure comportant :

une étape de mémorisation d’information de
structure tridimensionnelle optique pour mémo-
riser I'information de structure tridimensionnelle
optique ; et

une étape d’extraction de couche spécifique
pour comparer les valeurs d’information d’inten-
sité de l'information de structure tridimension-
nelle optique mémorisée au cours de I'étape de
mémorisation d’information de structure ftridi-
mensionnelle optique a un seuil prédéterminé
et extraire, en tant que zone de couche spécifi-
que de la cible de mesure, une zone égale a ou
supérieure a une plage prédéterminée lorsque
les valeurs d’information d’intensité de I'informa-
tion de structure tridimensionnelle optique égale
a ou supérieure au seuil prédéterminé
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32

continuent ;

caractérisé par

une étape d’extraction de zone manquante pour
extraire, entantque zones manquantes, des zo-
nes lorsque les valeurs d’information d’intensité
de l'information de structure tridimensionnelle
optique sont inférieures au seuil prédéterminé
dans la zone de couche spécifique ;

une étape de calcul de plage de zone manquan-
te pour calculer des tailles de plages de zones
manquantes ; et

une étape de classification de régions dignes
d’intérét pour comparer les tailles des plages
des zones manquantes a une pluralité de va-
leurs de référence de détermination de plage
prédéterminée et classifier les zones manquan-
tes en une pluralité de types de régions dignes
d’intérét de classes correspondant aux tailles
des plages des zones manquantes.
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