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7) ABSTRACT

An analysis device includes a wavelength selection unit that
alternatively extracts first special light and second special
light from light emitted from the light source device, an
image sensor that includes a RGB color filter, and a signal
processing unit. In this configuration, the first special light
includes light in a first wavelength region and the second
special light includes light in a second wavelength region
that is different from the first wavelength region. The signal
processing unit calculates an indicator that indicates a fea-
ture amount of biological tissue based on a pixel signal that
corresponds to the light in the first wavelength region and a
pixel signal that corresponds to the light in the second
wavelength region, and generates a color captured image
based on a pixel signal that corresponds to light that passes
through the RGB color filter.
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FIG. 3
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ANALYSIS DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an analysis device
that acquires biological information such as the concentra-
tion of a biological substance in biological tissue based on
a captured image of the biological tissue.

BACKGROUND ART

[0002] An endoscope device is known that includes a
function for determining the quantity of a biological sub-
stance (e.g., total hemoglobin amount) in biological tissue
that is the imaging subject, based on color information in an
endoscopic image. One example of such an endoscope
device is disclosed in WO 2014/192781 (hereinafter, called
“Patent Document 17).

[0003] The endoscope device disclosed in Patent Docu-
ment 1 calculates an indicator that indicates the total hemo-
globin amount and an indicator that indicates the degree of
oxygen saturation, based on three captured images obtained
by irradiating biological tissue with three types of illumi-
nation light that have different wavelength regions, and
capturing images of the biological tissue irradiated with the
respective types of illumination light. Also, a color captured
image of the biological tissue is obtained by irradiating the
biological tissue with white illumination light.

SUMMARY OF INVENTION

[0004] In order to calculate the indicators that indicate the
total hemoglobin amount and the degree of oxygen satura-
tion, and to acquire the color captured image, the endoscope
device disclosed in Patent Document 1 successively irradi-
ates the subject with four types of illumination light and
captures respective images. For this reason, there has been
a problem that the frame rate of the obtained color captured
images decreases to Y4 of the frame rate in the case of
irradiating the subject with only white light.

[0005] The present invention was achieved in light of the
above-described circumstances, and an object of the present
invention is to provide an analysis device that can perform
spectroscopic analysis while also suppressing a reduction in
the captured image frame rate.

[0006] According to an aspect of the present invention, a
analysis device includes: a light source device; a wavelength
selection unit that alternatively extracts first special light and
second special light from light emitted from the light source
device, the first special light and the second special light
having mutually different spectrums; an image sensor that
includes an RGB color filter, receives light from a biological
tissue that is a subject, and outputs a pixel signal that
corresponds to the received light; and a signal processing
unit that performs predetermined signal processing on the
pixel signal output from the image sensor. In this configu-
ration, the first special light includes light in a first wave-
length region that passes through a G filter of the RGB color
filter, the second special light includes light in a second
wavelength region that passes through the G filter, the
second wavelength region being different from the first
wavelength region, at least one of the first special light and
the second special light includes light that passes through an
R filter of the ROB color filter, and at least one of the first
special light and the second special light includes light that
passes through a B filter of the RGB color filter. Also, the
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signal processing unit calculates a first indicator that indi-
cates a feature amount of the biological tissue, based on the
pixel signal output according to the light in the first wave-
length region and the pixel signal output according to the
light in the second wavelength region, and the signal pro-
cessing unit generates a color captured image of the bio-
logical tissue based on the pixel signal output according to
light that passes through the RGB color filter.

[0007] According to this configuration, the biological tis-
sue is alternatively irradiated with the first special light and
the second special light. Also, the pixel signal output accord-
ing to the light in the first wavelength region and the pixel
signal output according to the light in the second wavelength
region are used to calculate a feature amount of the biologi-
cal tissue and also to generate a color captured image of the
biological tissue. In this way, the calculation of a feature
amount of the biological tissue and the generation of a color
captured image are performed using two types of light, thus
making it possible to suppress a reduction in the frame rate
of color captured images in comparison with conventional
technology.

[0008] Also, according to an aspect of the present inven-
tion, the feature amount is a degree of oxygen saturation of
hemoglobin included in the biological tissue, for example. In
this configuration, the first indicator is a ratio N/W of a pixel
signal N output from the image sensor according to the light
in the first wavelength region and a pixel signal W output
from the image sensor according to the light in the second
wavelength region.

[0009] Also, according to an aspect of the present inven-
tion, the first wavelength region includes a wavelength
region that is defined by a predetermined pair of isosbestic
points of hemoglobin, and the second wavelength region
includes a wavelength region that includes the first wave-
length region and is defined by a pair of isosbestic points that
is different from the predetermined pair of isosbestic points
of hemoglobin, for example.

[0010] Also, according to an aspect of the present inven-
tion, the first wavelength region is a wavelength region of
wavelengths greater than or equal to 546 nm and less than
or equal to 570 nm, and the second wavelength region is a
wavelength region of wavelengths greater than or equal to
528 nm and less than or equal to 584 nm, for example.
[0011] Also, according to an aspect of the present inven-
tion, a wavelength region of light transmitted by the R filter
includes a wavelength region of wavelengths greater than or
equal to 600 nm, a wavelength region of light transmitted by
the G filter includes a wavelength region of wavelengths
greater than or equal to 528 nm and less than or equal to 584
nm, and a wavelength region of light transmitted by the B
filter includes a wavelength region of wavelengths less than
or equal to 502 nm, for example.

[0012] Also, according to an aspect of the present inven-
tion, the signal processing unit calculates a second indicator
that indicates the amount of hemoglobin included in the
biological tissue, using the following expression, based on
the pixel signal W, a pixel signal R output from the image
sensor according to light that passes through the R filter, and
a pixel signal B output from the image sensor according to
light that passes through the B filter,

W/(CIxR+C2xW+C3xB)

[0013] where C1, C2 and C3 are each a constant greater
than or equal to zero, for example.
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[0014] Also, according to an aspect of the present inven-
tion, the signal processing unit generates a color captured
image of the biological tissue based on a pixel signal R
output from the image sensor according to light that passes
through the R filter, a pixel signal G output from the image
sensor according to light that passes through the G filter, and
a pixel signal B output from the image sensor according to
light that passes through the B filter, for example. In this
configuration, the pixel signal G is one of a pixel signal N
output from the image sensor according to the light in the
first wavelength region and a pixel signal W output from the
image sensor according to the light in the second wavelength
region.

[0015] Also, according to an aspect of the present inven-
tion, the wavelength selection unit includes a first optical
filter that extracts the first special light from the light emitted
from the light source device, a second optical filter that
extracts the second special light from the light emitted from
the light source device, and a filter drive unit that alterna-
tively inserts the first optical filter and the second optical
filter into a light path of the light emitted from the light
source device, for example.

[0016] A configuration of an aspect of the present inven-
tion provides an analysis device that can perform spectro-
scopic analysis while also suppressing a reduction in the
captured image frame rate.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 shows the transmission spectrum of hemo-
globin.
[0018] FIG. 2 shows simulation results for spectral char-

acteristics (reflection spectrum) in the visible light range of
a biological tissue.

[0019] FIG. 3 includes graphs showing correlations
between parameters and biological information.

[0020] FIG. 4 includes graphs showing correlations
between parameters and biological information.

[0021] FIG. 5 includes graphs showing correlations
between parameters and biological information.

[0022] FIG. 6 is a block diagram of an endoscope device
according to an embodiment of the present invention.
[0023] FIG. 7 shows transmission characteristics of a
color filter of an image sensor according to the embodiment
of the present invention.

[0024] FIG. 8 is an external view of a rotating filter
according to the embodiment of the present invention.
[0025] FIG. 9 shows transmission spectrums of optical
filters according to the embodiment of the present invention.
[0026] FIG. 10 is a flowchart illustrating spectral analysis
processing according to the embodiment of the present
invention.

[0027] FIG. 11 shows an example of a display of analysis
image data according to the embodiment of the present
invention.

[0028] FIG. 12 shows transmission spectrums of optical
filters according o a variation of the embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, an embodiment of the present inven-
tion will be described with reference to the drawings. An
endoscope device according to an embodiment of the pres-
ent invention described below is a device for quantitatively
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analyzing biological information of a subject (e.g., a feature
amount of biological tissue such as the total hemoglobin
amount or the degree of oxygen saturation) based on images
captured using illumination with light having different
wavelength regions, and for converting the analysis results
into an image and displaying the image. The spectral char-
acteristics of blood the spectral characteristics of hemoglo-
bin) have a property of continuously varying according to
the total hemoglobin amount and the degree of oxygen
saturation, and this property is used in the quantitative
analysis of the total hemoglobin amount and the degree of
oxygen saturation described below.

Spectral Characteristics of Biological Tissue and
Principle of Calculation of Biological Information

[0030] Before giving a description of the detailed configu-
ration of the endoscope device according to the present
invention, the following describes the spectral characteris-
tics of hemoglobin and the principle of the calculation of a
feature amount of biological tissue (biological information),
such as the degree of oxygen saturation, according to the
present invention. Hemoglobin includes oxygenated hemo-
globin (HbO,) and reduced hemoglobin (Hb), and the per-
centage of oxygenated hemoglobin is called the degree of
oxygen saturation. The spectral characteristics of hemoglo-
bin vary according to the degree of oxygen saturation.
[0031] FIG. 1 shows the transmission spectrum of hemo-
globin. In FIG. 1, the horizontal axis indicates the wave-
length of light, and the vertical axis indicates the light
transmittance T (%). The transmission spectrum of hemo-
globin varies according to the degree of oxygen saturation.
The solid line waveform in FIG. 1 is the transmission
spectrum in the case where the degree of oxygen saturation
is 100% (i.e., oxygenated hemoglobin HbO,), and the long
dashed line waveform is the transmission spectrum in the
case where the degree of oxygen saturation is 0% (i.e.,
reduced hemoglobin Hb). Also, the short dashed lines are the
transmission spectrums of hemoglobin (mixtures of oxygen-
ated hemoglobin HbO, and reduced hemoglobin Hb) at
intermediate degrees of oxygen saturation (10, 20, 30, . . .
90%).

[0032] Note that the absorption (light absorption) A of
hemoglobin is calculated based on the light transmittance T,
using Expression 1 below.

A=-logT

[0033] As show the transmission spectrum of hemoglobin
includes isosbestic points E1 (424 nm), E2 (452 nm), E3
(502 nm), E4 (528 nm), E5 (546 nm), E6 (570 nm), and E7
(584 nm) at which the light transmittance (i.e., absorption A)
is constant regardless of the degree of oxygen saturation. In
this specification, the wavelength region between the isos-
bestic points E1 and E2 is defined as a wavelength region
W1, the wavelength region between the isosbestic points E2
and E3 is defined as a wavelength region W2, the wave-
length region between the isosbestic points E3 and E4 is
defined as a wavelength region W3, the wavelength region
between the isosbestic points E4 and ES is defined as a
wavelength region W4, the wavelength region between the
isosbestic points E5 and E6 is defined as a wavelength
region W5, and the wavelength region between the isos-
bestic points E6 and E7 is defined as a wavelength region
W6. Also, the wavelength region from the wavelength of
620 nm to the wavelength of 660 nm is defined as a

Expression 1
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wavelength region WR. Furthermore, in the following
description in this document, the wavelength region W5 is
also called the N band (Narrow band). Moreover, the wave-
length region between the isosbestic points E4 and E7 is also
called the W band (Wide band).

[0034] As shown in FIG. 1, in the regions between adja-
cent isosbestic points, the light transmittance T of hemoglo-
bin increases or decreases linearly relative to the degree of
oxygen satration. For example, light transmittances T,
and T, of hemoglobin in the wavelength regions W4 and
W6 increase linearly relative to the concentration of reduced
hemoglobin. Also, the light transmittance T, of hemoglo-
bin in the wavelength region W5 increases linearly relative
to the concentration of oxygenated hemoglobin.

[0035] Here, the degree of oxygen saturation is defined by
Expression 2 below.

Sat=[HbO,J/([Hb]+[HbO-]) Expression 2

[0036] where
[0037] Sat: degree of oxygen saturation
[0038] [Hb]: concentration of reduced hemoglobin
[0039] [HbO,]: concentration of oxygenated hemoglo-
bin
[0040] [HbJ+[HbO,]: total hemoglobin amount (tHb)
[0041] Also, Expression 3 and Expression 4 that express

the concentrations of oxygenated hemoglobin HbO, and
reduced hemoglobin Hb are obtained from Expression 2.

[HbO,]=Satx([Hb]+[HbO,]) Expression 3

[Hb]=({1-Sat)x ([Hb]+[HbO,])

[0042] Accordingly, the light transmittances Ty, Ty,
and T, of hemoglobin are characteristic amounts that are
dependent on both the degree of oxygen saturation and the
total hemoglobin amount.

[0043] Also, through examination performed by the patent
applicants, it was found that an integrated value T, of the
light transmittance of hemoglobin in the wavelength region
W7, which is made up of the wavelength regions W4, W5,
and W6, is a value that is determined by the total hemoglo-
bin amount and is not dependent on the degree of oxygen
saturation.

[0044] Accordingly, the total hemoglobin amount can be
determined based on the light transmittance T,,-,. Also, the
degree of oxygen saturation can be determined based on the
light transmittance Ty, Ty, or Ty, along with the total
hemoglobin amount determined based on the light transmit-
tance Ty-. More specifically, it is possible to obtain an
indicator value that expresses the total hemoglobin amount
and the degree of oxygen saturation. As shown in FIG. 1,
among the wavelength regions W4, W5, and W6, the amount
of variation in the light transmittance according to the
degree of oxygen saturation (i.e., the area of the region
surrounded by the solid line waveform and the long dashed
line waveform) is the largest in the wavelength region W5,
and the light transmittance T, in the wavelength region W5
is a characteristic amount that is highly sensitive to the
degree of oxygen saturation. In another embodiment
described later, the degree of oxygen saturation is deter-
mined using light in the wavelength region W5 (N band).

[0045] Next, the influence of scattering on the spectral
characteristics of biological tissue will be described. FIG. 2
shows spectral characteristics (reflection spectrums) in the
visible light region of biological tissue obtained by simula-
tion calculation, and shows the influence of light scattering

Expression 4
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on the spectral characteristics. In the graphs in FIG. 2, the
horizontal axis indicates the wavelength (nm) of light, and
the vertical axis indicates the passage rate (%) of light. The
passage rate of light on the vertical axis corresponds to the
reflectance of light by the biological tissue. The reflection
spectrum of biological tissue such as a digestive track wall
is known to be influenced by not only the absorption
wavelength characteristics of the components that make up
the biological tissue (specifically, the absorption spectrum
characteristics of oxygenated hemoglobin and reduced
hemoglobin), but also the wavelength characteristics of light
scattering by biological tissue. FIG. 2(a) shows the reflec-
tion spectrum in the case where there is no scattering
whatsoever. FIG. 2(c) shows the reflection spectrum in the
case where there is no absorption whatsoever by hemoglo-
bin. FIG. 2(b) shows the reflection spectrum in the case
where the influence of scattering by the biological tissue
(attenuation of light by scattering) and the influence of
absorption by hemoglobin (attenuation of light by absorp-
tion) are approximately the same. Note that in FIGS. 2(a)
and 2(b), the solid line indicates the reflection spectrum in
the case where only oxygenated hemoglobin is included in
the biological tissue, and the dashed line indicates the
reflection spectrum in the case where only reduced hemo-
globin is included in the biological tissue.

[0046] As shown in FIG. 2, the spectral characteristics of
the biological tissue vary depending on the extent of scat-
tering, and therefore biological information calculated based
on the spectral characteristics of the biological tissue, such
as the degree of oxygen saturation, may also change in value
depending on the extent of scattering. In other words, if the
biological tissue spectral characteristics (e.g., reflectance in
the wavelength region W5) are used as-is to calculate the
biological information, a calculation result that contains
error arising from scattering will be obtained. In order to
obtain a precise analysis result, it is necessary to correct the
error arising from scattering.

[0047] Methods of correcting error arising from scattering
include a method of correcting error after calculating bio-
logical information such as the degree of oxygen saturation
based on biological tissue spectral characteristics, and a
method of generating an intermediate parameter that is not
dependent on scattering based on biological tissue spectral
characteristics (removing the component that is dependent
on scattering at the stage of generating the intermediate
parameter), and then calculating biological information
based on the correlation relationship between the interme-
diate parameter and the biological information. In the pres-
ent invention, the latter method is used to acquire biological
information that does not contain error arising from scatter-
ing. In order to realize this method, the inventors of the
present invention performed intensive examination and
found a parameter that has high sensitivity to (is highly
correlated biological information that is to be acquired
(specifically, the total hemoglobin amount and the degree of
oxygen saturation, which are biological tissue feature
amounts), and also has almost no sensitivity to scattering.

[0048] FIGS. 3, 4, and 5 are graphs showing plots of
simulation results of various parameters that can be acquired
from endoscopic image data. The horizontal axis in the
graphs indicates the total hemoglobin amount, and the
vertical axis indicates parameter values.

[0049] Graphs (3A) and (3B) in FIG. 3 are graphs plotting
simulation results for the parameter “W/(R+W)”. The
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parameter “W/(R+W)” is the result of the pixel value W of
G pixels (color pixels provided with a green G color filter)
obtained by observation performed using illumination light
in the W band being divided by the sum “R+W” of the pixel
value R of R pixels (color pixels provided with a red R color
filter) obtained by observation performed using illumination
light in the WR band and the pixel value W of G pixels
obtained by observation performed using illumination light
in the W band. Note that as will be described later, the
wavelength region W7 is included in a wavelength region in
which G pixels of the image sensor have sensitivity. Also,
the wavelength region WR is included in a wavelength
region in which the R pixels of the image sensor have
sensitivity.

[0050] Graphs (4A) and (4B) in FIG. 4 are graphs plotting
simulation results for the parameter “N/W”. The parameter
“N/W” is the result of the pixel value N of G pixels obtained
by observation performed using illumination light in the N
band being divided by the pixel value W of G pixels
obtained by observation performed using illumination light
in the W band.

[0051] The graphs (3A) and (4A) in FIGS. 3 and 4 are
graphs in which the degree of oxygen saturation is fixed at
100%, and the contribution of scattering (parameter indi-
cating the intensity of scattering) is varied between 0 and
100 in units of 10 and plotted in an overlapped manner.
Based on these graphs (3A) and (4A), it is possible to find
out the degree of sensitivity of the parameters to scattering.
The graphs (3B) and (4B) in FIGS. 3 and 4 are graphs in
which the contribution of scattering is set to 0, and the
degree of oxygen saturation is varied between 0 and 100%
in units of 10% and plotted in an overlapped manner. Based
on these graphs (3B) and (4B), it is possible to find out the
degree of sensitivity of the parameters to the degree of
oxygen saturation.

[0052] As shown in the graphs (3A) and (3B), the param-
eter “W/(R+W)” has sensitivity to the total hemoglobin
amount, but has almost no sensitivity to scattering or the
degree of oxygen saturation. For this reason, a value the total
hemoglobin amount that is accurate and does not have
dependency on scattering or the degree of oxygen saturation
is obtained based the quantitative relationships between the
total hemoglobin amount and the parameter “W/(R+W)”
shown in the graphs (3A) and (3B).

[0053] Also, as shown in the graphs (4A) and (4B), the
parameter “N/W” has high sensitivity to the degree of
oxygen saturation, but has almost no sensitivity to scatter-
ing. For this reason, if the total hemoglobin amount is
known, the value of the degree of oxygen saturation can be
uniquely determined based on the value of the parameter
“N/W” according to the graph (4B). Specifically, if the
plotted point in the graph (4B) that most closely conforms to
the numerical value pair of the value of the total hemoglobin
amount and the value of the parameter “N/W” obtained from
the pixel values is selected, the degree of oxygen saturation
of the subject appearing at that pixel is obtained.

[0054] As described above, by performing simple calcu-
lation using the relationships shown in the graphs (3A) and
(3B) and the relationship shown in the graph (4B), it is
possible to obtain accurate values for the total hemoglobin
amount and the degree of oxygen saturation that contain
almost no error arising from scattering,

[0055] Note that the parameter for obtaining the total
hemoglobin amount is not limited to “W/(R+W)”. For
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example the parameter for obtaining the total hemoglobin
amount may be “W/R”. Graphs (5A) and (5B) in FIG. 5 are
graphs plotting simulation results for the parameter “W/R”.
The parameter “W/R” is the result of the pixel value W of
G pixels obtained by observation performed using illumi-
nation light in the W band being divided by the pixel value
R of R pixels obtained by observation performed using
illumination light in the WR band.

[0056] The graph (5A) in FIG. 5 is a graph in which the
degree of oxygen saturation is fixed at 100%, and the
contribution of scattering (parameter indicating the intensity
of scattering) is varied between 0 and 100 in units of 10 and
plotted in an overlapped manner. Based on this graph (5A),
it is possible to find out the degree of sensitivity of the
parameter “W/R” to scattering. The graphs (5B) in FIG. 5 is
a graph in which the contribution of scattering is set to 0, and
the degree of oxygen saturation is varied between 0 and
100% in units of 10% and plotted in an overlapped manner.
Based on this graph (5B), it is possible to find out the degree
of sensitivity of the parameter “W/R” to the degree of
oxygen saturation.

[0057] As shown in the graphs (5A) and (5B), the param-
eter “W/R” has sensitivity to the total hemoglobin amount,
but has almost no sensitivity to scattering or the degree of
oxygen saturation. For this reason, it is understood here that
the value of the total hemoglobin amount is uniquely deter-
mined by the value of the parameter “W/R”.

[0058] Also, the parameter for obtaining the total hemo-
globin amount may be the result of multiplying the pixel
value W by a constant C, as in “W/(R+CxW)” for example.
Furthermore, the denominator of the parameter for obtaining
the total hemoglobin amount may include “B”. “B” is the
pixel value of B pixels (color pixels provided with the blue
B color filter) obtained by observation performed using
illumination light in the W2 band. For this reason, the
parameter for obtaining the total hemoglobin amount can be
expressed as “W/(CIxR+C2xW+C3xB)” for example.
Here, C1, C2, and C3 are constants. These constants C, C1,
C2, and C3 are appropriately adjusted according to the
characteristics of the RGB color filters provided on the color
pixels. Adjusting the constants C, C1, C2, and C3 makes it
possible to obtain a parameter that has sensitivity to the total
hemoglobin amount, but has almost no sensitivity to scat-
tering and the degree of oxygen saturation.

[0059] Also, the numerator of the parameter for obtaining
the total hemoglobin amount may be “N” instead of “W”. In
this case, the parameter for obtaining the total hemoglobin
amount can be expressed as “N/(CI1xR+C2xW+C3xB)” for
example. The constants C1, C2, and C3 are appropriately
adjusted according to the characteristics of the RGB color
filters provided on the color pixels.

Configuration of Endoscope Device

[0060] FIG. 6 is a block diagram of an endoscope device
1 according to an embodiment of the present invention. The
endoscope device 1 of the present embodiment includes an
electronic endoscope 100, a processor 200, and a monitor
300. The electronic endoscope 100 and the monitor 300 are
detachably connected to the processor 200. Also, a light
source unit 400 and an image processing unit 500 are built
into the processor 200.

[0061] The electronic endoscope 100 has an insertion tube
110 for insertion into the subject’s body. The electronic
endoscope 100 is internally provided with a light guide 131
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that extends over approximately the entire length thereof.
One end portion (distal end portion 131a) of the light guide
181 is arranged in the distal end portion of the insertion tube
110 (insertion tube distal end portion 111), and the other end
portion (base end portion 1315) of the light guide 131 is
connected to the processor 200. The processor 200 includes
a light source unit 400 that includes a light source 430 or the
like for generating high-intensity white light WL, such as a
xenon lamp, and the illumination light IL. generated by the
light source unit 400 enters the base end portion 1315 of the
light guide 131. Light that enters the base end portion 1315
of the light guide 131, passes through the light guide 131 and
is guided to the distal end portion 131a thereof, and is then
emitted from the distal end portion 131a. A light distribution
lens 132 arranged opposing the distal end portion 131¢ of
the light guide 131 is provided at the insertion tube distal end
portion 111 of the electronic endoscope 100. Illumination
light IL, emitted from the distal end portion 131a of the light
guide 131 passes through the light distribution lens 132 and
illuminates biological tissue T in the vicinity of the insertion
tube distal end portion 111.

[0062] Also, the insertion tube distal end portion 111 is
provided with an objective optical system 121 and an image
sensor 141. Part of the light reflected or scattered by the
surface of the biological tissue T (returning light) enters the
objective optical system 121, is condensed, and forms an
image on the light receiving surface of the image sensor 141.
The image sensor 141 of the present embodiment is a CCD
(Charge Coupled Device) image sensor for color image
capturing, and includes a color filter 141a on its light
receiving surface. Another type of image sensor such as a
CMOS (Complementary Metal Oxide Semiconductor)
image sensor may be used as the image sensor 141.
[0063] The color filter 141a includes an array of color
filters that allow red light to pass, G color filters that allow
green light to pass, and B color filters that allow blue light
to pass, and is a so-called on-chip filter that is formed
directly on the light receiving element of the image sensor
141. FIG. 7 shows the transmission characteristics of the R,
G, and B color filters. In FIG. 7, the horizontal axis indicates
the wavelength (am), and the vertical axis indicates the
transmittance (%). The R color filters of the present embodi-
ment are filters that allow light with a wavelength longer
than approximately 570 nm to pass (be transmitted), the G
color filters are filters that allow light with a wavelength of
approximately 470 nm to 620 nm to pass (be transmitted),
and the B color filters are filters that allow light with a
wavelength shorter than approximately 530 nm to pass (be
transmitted).

[0064] The image sensor 141 is controlled to operate in
synchronization with a signal processing circuit 550 that will
be described later, and outputs an imaging signal that
corresponds to a subject image formed on the light receiving
surface, at a predetermined frame rate (e.g., at intervals of
150 second). The imaging signal output from the image
sensor 141 is sent to the image processing unit 500 of the
processor 200 via a cable 142.

[0065] The image processing unit 500 includes an A/D
conversion circuit 510, a temporary storage memory 520, a
controller 530, a video memory 540, and a signal processing
circuit 550. The A/D conversion circuit 510 performs A/D
conversion on an imaging signal received from the image
sensor 141 of the electronic endoscope 100 via the cable
142, and outputs digital image data. The digital image data
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output from the A/D conversion circuit 510 is sent to and
stored in the temporary storage memory 520. This digital
image data includes R digital image data obtained by the
light receiving elements on which the R color filters are
mounted, G digital image data obtained by the light receiv-
ing elements on which the G color filters are mounted, and
B digital image data obtained by the light receiving elements
on which the B color filters are mounted.

[0066] The controller 530 processes one or more pieces of
digital image data stored in the temporary storage memory
520 to generate screen data for display on the monitor 300,
and sends the screen data to the video memory 540. The
signal processing circuit 550 generates a video signal in a
predetermined format a format compliant with NTSC stan-
dards or DVI standards) based on screen data that is stored
in the video memory 540, and outputs the video signal. The
video signal output from the signal processing circuit 550 is
received by the monitor 300. As a result, an endoscopic
image of the biological tissue T or the like captured by the
electronic endoscope 100 is then displayed on the monitor
300.

[0067] In this way, the processor 200 includes both func-
tionality as a video processor that processes imaging signals
output from the image sensor 141 of the electronic endo-
scope 100, and functionality as a light source device that
supplies illumination light IT., which is for illuminating the
biological tissue T that is the imaging subject, to the light
guide 131 of the electronic endoscope 100.

[0068] Besides the above-described light source 430, the
light source unit 400 also includes a condensing lens 440, a
rotating filter 410, a filter control unit 420, and a condensing
lens 450. Approximately parallel white light WL that exits
the light source 430 is condensed by the condensing lens
440, passes through the rotating filter 410, is then again
condensed by the condensing lens 450, and then enters the
base end portion 1315 of the light guide 131. Note that the
rotating filter 410 can be moved between an application
position on the optical path of the white light WL and a
retracted. position off the optical path by a moving means
(not shown) such as a linear guideway.

[0069] Note that the configuration of the light source unit
400 is not limited to the configuration shown FIG. 6. For
example, a lamp that generates convergent light may be
employed as the light source 430. In this case, a configura-
tion may be employed in which, for example, white light
WL is condensed before reaching the condensing lens 440,
and then caused to enter the condensing lens 440 as diffused
light.

[0070] Also, a configuration may be employed in which
the condensing lens 440 is not used, and approximately
parallel light generated by the light source 430 is caused to
directly enter the rotating filter 410.

[0071] Also, in the case of using a lamp that generates
convergent light, a configuration may be employed in which
a collimator lens is used instead of the condensing lens 440
in order to cause white light WL that is in an approximately
parallel state to enter the rotating filter 410. For example, in
the case of using an interference type of optical filter such as
a dielectric multilayer filter as the rotating filter 410, by
causing approximately parallel white light WL to enter the
rotating filter 410, the angle of incidence of the white light
WL on the optical filter can be made uniform, thus making
it possible to obtain more favorable filter characteristics.
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[0072] Also, a lamp that generates diverging light may be
applied as the light source 430. In this case as well, a
configuration can be employed in which a collimator lens is
used instead of the condensing lens 440 in order to cause
approximately parallel white light WL to enter the rotating
filter 410.

[0073] The rotating filter 410 is a disc-type optical unit
that includes multiple optical filters, and is configured such
that the pass wavelength region is switched according to the
rotation angle. The rotation angle of the rotating filter 410 is
controlled by the filter control unit 420, which is connected
to the controller 530. The controller 530 controls the rotation
angle of the rotating filter 410 via the filter control unit 420,
thus switching the spectrum of illumination light 1L, that
passes through the rotating filter 410 and is supplied to the
light guide 131.

[0074] FIG. 8 is an external view (front view) of the
rotating filter 410. The rotating filter 410 includes an
approximately disc-shaped frame 411 and two fan-shaped
optical filters 415 and 416. Two fan-shaped windows 414a
and 4145 are formed with equal gaps therebetween around
the central axis of the frame 411, and the optical filters 415
and 416 are respectively fitted into the windows 414a and
414b. The angular ranges of the optical filters 415 and 416
about the central axis of the frame 411 are approximately
180°. Note that the optical filters of the present embodiment
are both dielectric multilayer filters, but another type of
optical filter (e.g., an absorption optical filter or an etalon
filter that uses a dielectric multilayer film as a reflection film)
may be used.

[0075] Also, a boss hole 412 is formed on the central axis
of the frame 411. An output shaft of a servo motor (not
shown) of the filter control unit 420 is inserted in and fixed
to the boss hole 412, and the rotating filter 410 rotates along
with the output shaft of the servo motor.

[0076] Although the state where white light WL enters the
optical filter 415 is shown in FIG. 8, when the rotating filter
410 rotates in the direction indicated by the arrow, the
optical filter that the white light WL enters switches between
the optical filters 415 and 416, and thus the spectrum of light
IL that passes through the rotating filter 410 switches
successively. Hereinafter, the illumination light IL that
passes through the optical filter 415 will also be called first
special light, and the illumination light IL that passes
through the optical filter 416 will also be called second
special light.

[0077] FIGS. 9(a) and 9(b) respectively show the trans-
mission spectrums of the optical filters 415 and 416. In
FIGS. 9(a) and 9(b), the horizontal axis indicates the wave-
length (nm), and the vertical axis indicates the transmittance
(%).

[0078] The optical filter 415 has a transmission character-
istic of allowing light in the wavelength region W2, the
wavelength region W7 (W band), and the wavelength region
WR shown in FIG. 1 to pass (be transmitted) with low loss.
Specifically, the optical filter 415 has a transmission char-
acteristic of allowing the passage of light in a wavelength
region of wavelengths less than 502 nm, a wavelength
region of wavelengths greater than or equal to 528 nm and
less than 584 nm, and a wavelength region of wavelengths
greater than or equal to 620 nm. Also, the optical filter 415
blocks light in a wavelength region of wavelengths greater
than or equal to 502 nm and less than 528 nm, and a
wavelength region of wavelengths greater than or equal to
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584 nm and less than 620 nm. Note that in the wavelength
region of wavelengths less than 502 nm, it is sufficient that
the optical filter 415 allows the transmission of light in the
wavelength region W2, and there are no particular limita-
tions on the lower limit of the wavelength region of light that
passes through the optical filter 415. Also, in the wavelength
region of wavelengths greater than or equal to 620 nm, it is
sufficient that the optical filter 415 allows the transmission
of light in the wavelength region WR, and there are no
particular limitations on the upper limit of the wavelength
region of light that passes through the optical filter 415.
[0079] The optical filter 416 has a transmission character-
istic of allowing light in the wavelength region W5 (N band)
shown in FIG. 1 to pass (be transmitted) with low loss.
Specifically, the optical filter 416 has a transmission char-
acteristic of allowing the passage of light in a wavelength
region of wavelengths greater than or equal to 546 nm and
less than 570 nm. Also, the optical filter 415 blocks light in
wavelength regions outside the wavelength region W5.
[0080] Moreover, the wavelength region W2, the wave-
length region W7 (W band), and the wavelength region WR,
which are the pass wavelength regions of the optical filter
415, are included in the pass wavelength regions of the B
color filter, the G color filter, and the R color filter of the
color filter 141a (FIG. 7). Accordingly, B digital image data,
G digital image data, and R digital image data are obtained
from the components in the wavelength region W2, the
wavelength region W7, and the wavelength region WR in
the subject image formed by the first special light that passes
through the optical filter 415.

[0081] Also, the wavelength region W5 (N band), which is
the pass wavelength region of the optical filter 416, is
included in the pass wavelength region of the G color filter
of the color filter 141a (FIG. 7). Accordingly, G digital
image data is obtained from the subject image formed by the
second special light that passes through the optical filter 416.
[0082] Also, a light attenuation filter (ND filter) 419 is
attached over the optical filter 415 in the window 414a. The
light attenuation filter 419 has no wavelength dependency
over the entire visible light range, and merely reduces the
quantity of light with no change in the spectrum of illumi-
nation light IL. By using the light attenuation filter 419, the
quantity of illumination light IL that passes through the
optical filter 415 and the light attenuation filter 419 is
adjusted to approximately the same as the quantity of
illumination light IL that passes through the optical filter
416. According regardless of whether illumination light IL,
that passed through the optical filter 415 or the optical filter
416 is used, it is possible to capture an image with the same
exposure time and appropriate exposure.

[0083] In the present embodiment, a fine metal mesh is
used as the light attenuation filter 419. Besides a metal mesh,
another type of light attenuation filter such as a slit or half
mirror type may be used. Also, a configuration is possible in
which a light attenuation filter is not used, and the trans-
mittances of the optical filters 415 and 416 themselves are
adjusted. Furthermore, a configuration is possible in which
a light attenuation filter is not used, and the exposure time
is adjusted for each optical filter that is used.

[0084] A through-hole 413 is formed in the peripheral
edge portion of the frame 411. The through-hole 413 is
formed at the same position (phase) as the boundary portion
between the window 414a and the window 414b in the
rotation direction of the frame 411. A photo interrupter 422
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for detecting the through-hole 413 is arranged in the periph-
ery of the frame 411 so as to surround a portion of the
peripheral edge portion of the frame 411. The photo inter-
rupter 422 is connected to the filter control unit 420.
[0085] The endoscope device 1 of the present embodiment
has two operating modes, namely a normal observation
mode and a spectral analysis mode. In the normal observa-
tion mode, the rotating filter 410 is moved to a retracted
position. For this reason, the white light WL emitted from
the light source 430 irradiates the biological tissue without
limitation of the wavelength band by the optical filters 415
and 416. Then, the image processing unit 500 performs
predetermined image processing such as demosaicing on
digital image data obtained by the image sensor 141, con-
verts the processed digital image data into a video signal,
and displays the video signal on the screen of the monitor
300. Accordingly, a color captured image of the biological
tissue can be captured using while illumination light. Note
that in the normal observation mode, a filter (not shown)
may be used to remove a component outside the visible light
range, such as a component in the infrared range or the
ultraviolet range, before the white light WL is emitted onto
the biological tissue.

[0086] In the spectral analysis mode, the rotating filter 410
is moved to an application position. The controller 530
controls the filter control unit 420 so as to rotationally drive
the rotating filter 410 at a constant rotational frequency, and
successively capture images of the biological tissue T illu-
minated with the first special light and the second special
light that respectively pass through the optical filters 415 and
416. Based on digital image data acquired using the first
special light and the second special light, the image pro-
cessing unit 500 generates color image data for the biologi-
cal tissue and analysis image data that shows the distribution
of a biological substance in the biological tissue. Then image
processing unit 500 then generates screen data including the
color image and the analysis image side-by-side based on
the color image data and the analysis image data, converts
the generated image data into a video signal, and displays
the video signal on the monitor 300.

[0087] In the spectroscopic analysis mode, the filter con-
trol unit 420 detects the phase of rotation of the rotating filter
410 based on the timing of detection of the through-hole 413
by the photo interrupter 422, compares the detected phase
with the phase of a timing signal supplied by the controller
530, and adjusts the phase of rotation of the rotating filter
410. The timing signal from the controller 530 is synchro-
nized with the drive signal for the image sensor 141.
Accordingly, the rotating filter 410 is driven to rotate at a
substantially constant rotational frequency in synchroniza-
tion with the driving of the image sensor 141. Specifically,
the rotation of the rotating filter 410 is controlled such that
the optical filter that white light WL enters is switched
between the optical filter 415 and the optical filter 416 each
time one image captured by the image sensor 141 (i.e., each
frame).

[0088] Next, spectral analysis processing executed in the
spectral analysis mode will be described. FIG. 10 is a
flowchart showing a procedure of spectral analysis process-
ing.

[0089] In processing step S1, images of the biological
tissue are captured using the illumination light IL (first
special light and second special light) that passes through the
optical filters 415 and 416. Specifically, using the first
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special light that passes through the optical filter 415, R
digital image data R(x,y), G digital image data W(x,y), and
B digital image data B(x,y) are stored in the internal memory
532 of the controller 530. Also, using the second special
light that passes through the optical filter 416, G digital
image data N(x,y) is stored in the internal memory 532.
[0090] In processing step S2, color captured image data
for the biological tissue is generated. The color captured
image data is generated using the R digital image data
R(x,y), the G digital image data W(x,y), and the B digital
image data B(x.y). The pieces of image data R(x,y), W(x,y),
and B(x.,y) respectively express the red, green, and blue
components of the subject image. For this reason, full-color
captured image data for the biological tissue can be genet-
ated using these pieces of image data R(x,y), W(x,y), and
B(x,y). Note that the color captured image data may be
generated using G digital image data N(x,y), which
expresses the green component of the subject image, instead
of the G digital image data W(x,y).

[0091] In processing step S3, pixel selection processing is
performed for selecting pixels that are to be subjected to
subsequent analysis processing (processing steps S4 to S6),
using the R digital image data R (x,y), the G digital image
data G (x,y), and the B digital image data B (x,y) acquired
in processing step S1.

[0092] In the biological tissue that is the subject, at loca-
tions in the image data where blood is not included, or
locations where the biological tissue color is dominantly
influenced by a substance other than hemoglobin, even if the
degree of oxygen saturation or blood flow is calculated
based on color information obtained from the image data, a
meaningful value is not obtained, but rather is simply noise.
If such obtained noise is presented to a physician, it will not
only be a hindrance to an appropriate diagnosis, but also
have the harmful effect of placing an unnecessary burden on
the image processing unit 500 and reducing the processing
speed. In view of this, the analysis processing of the present
embodiment is configured such that pixels suited to analysis
processing pixels recording the spectroscopic features of
blood) are selected, and analysis processing is performed on
only the selected pixels.

[0093] In pixel selection processing S3, only pixels that
satisfy all of the conditions of Expressions 5, 6, and 7 below
are selected as target pixels for analysis processing.

Bx,y)/Gix,y)>al Expression 5

R{x,y)/G(x,y)>a2 Expression 6

RE,Y)YBx,y)>a3

[0094] Here, al, a2, and a3 ate positive constants.
[0095] The above three conditional expressions are set
based on the magnitude relationship of [G component
value<B component value<R component value] in the trans-
mission spectrum of blood. Note that pixel selection pro-
cessing S3 may be performed using only one or two of the
above three conditional expressions (e.g., using only
Expressions 6 and/or 7 when focusing on the color red which
is specific to blood).

[0096] In processing step S4, processing for acquiring the
total hemoglobin amount of the biological tissue is per-
formed. The internal memory 532 of the controller 530 holds
a numerical value table T1 (or function) that expresses the
quantitative relationship between the total hemoglobin
amount tHb and the parameter W(R+W) shown in the graphs

Expression 7
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(3A) and (3B) in FIG. 3. In processing step S4, this
numerical value table T1 is used to acquire the value of the
total hemoglobin amount tHb based on the G digital image
data W(x,y) and the R digital image data R(x,y) acquired in
processing step S1.

[0097] Specifically, first, the parameter W/(R+W)(x.y) for
each pixel (x,y) is calculated using Expression 8.

WR+I)(x.y)=W(xy) Rxy}+ Wix.p))

[0098] Next, the numerical value table T1 is referenced to
read out and acquire the value of the total hemoglobin
amount tHb(x,y) that corresponds to the value of the param-
eter W/(R+G)(x,y) calculated using Expression 8.

[0099] The quantitative relationship in the numerical
value table T1 (and the later-described numerical value table
T2) held in the internal memory 532 is obtained in advance
by theoretical calculation or experimentation. Note that
although a complete one-to-one correspondence does not
exist for the value of the total hemoglobin amount tHb and
the value of the parameter W/(R+W) in the graphs (3A) and
(3B), a representative one-to-one quantitative relationship
(e.g., average value or mean value) is held in the numerical
value table T1 for the total hemoglobin amount tHb and the
parameter W/(R+W). For this reason, the total hemoglobin
amount tHb can be uniquely determined based on the value
of the parameter W/(R+W) using the numerical value table
TI1.

[0100] Note that as described in section “Spectral charac-
teristics of biological tissue and principle of calculation of
biological information” above, in the present embodiment,
the parameter for determining the total hemoglobin amount
tHb is not limited to W/(R+W). For example, W/(C1xR+
C2xW+C3xB) may be used as the parameter for determin-
ing the total hemoglobin amount tHb.

[0101] In processing step S5, processing for acquiring the
degree of oxygen saturation of the biological tissue is
performed. The internal memory 532 of the controller 530
holds a numerical value table T2 (or function) that expresses
the quantitative relationship between the total hemoglobin
amount tHb, the parameter N/W, and the degree of oxygen
saturation Sat shown in the graph (4B) in FIG. 4. Three
numerical values (called a “numerical value set”), namely
the total hemoglobin amount tHb, the parameter N/W, and
the degree of oxygen saturation Sat, are registered in asso-
ciation with each other in the numerical value table T2. In
processing step S5, this numerical value table T2 is used to
acquire the value of the degree of oxygen saturation Sat(x,y)
for each pixel based on the G digital image data W(x,y) and
N(x,y) acquired in processing step S1 and the value of the
total hemoglobin amount tHb(x,y) acquired in processing
step S4.

[0102] Specifically, first, the parameter N/'W(x,y) for each
pixel (x,y) is calculated using Expression 9.

Expression 8

N/W(x,y)=Nx,y) Wixy)

[0103] Next, for each pixel (x,y), the numerical value table
T2 is referenced to extract the numerical value set that is
closest to the value of the total hemoglobin amount tHb(x,y)
acquired in processing step S4 and the value of the param-
eter N/'W(x,y) calculated using Expression 8, and then the
value of the degree of oxygen saturation Sat in the extracted
numerical value set is read out and acquired as the value of
the degree of oxygen saturation Sat(x,y) at that pixel (x,y).
[0104] In processing step S6, processing for generating
analysis image data is performed. The internal memory 532

Expression 9
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of the controller 530 stores numerical value table (or func-
tion) that expresses the relationship between the degree of
oxygen saturation Sat(x,y) and display colors (pixel values).
The controller 530 then references this numerical value table
(or function), and generates biological information image
data using pixel values that indicate the display colors
corresponding to the degree of oxygen saturation Sat(x,y)
obtained in processing step S5. Analysis image data that
expresses a degree of oxygen saturation distribution is thus
generated.

[0105] FIG. 11 shows an example of the display of analy-
sis image data generated by the controller 530. FIG. 11(a) is
an example of the display of analysis image data (two-
dimensional display) showing the degree of oxygen satura-
tion distribution generated by processing step S6 described
above. Also, FIG. 11(b) is an example of the display of
analysis data (three-dimensional display) generated in a
three-dimensional graph format in which the degree of
oxygen saturation is the vertical axis. Note that FIG. 11
shows the observation of a right hand in the state where an
elastic band constricts the vicinity of the proximal interpha-
langeal joint of the middle finger. On the distal side of the
constricted site of the right middle finger, the flow of blood
is inhibited by the constriction, and therefore it is seen that
the degree of oxygen saturation is low.

[0106] The controller 530 then uses the color captured
image data generated in processing step S2 and the analysis
image data generated in processing step S6 to generate
screen data in which the color captured image and the
analysis image are displayed side-by-side in one screen, and
stores the screen data in the video memory 540. Note that in
accordance with a user operation, the controller 530 can
generate various types of display screens, such as a display
screen that displays only the analysis image, a display screen
that displays only the color captured image, or a display
screen that displays supplementary information such as
patient ID information and observation conditions in a
superimposed manner on the analysis image and/or the color
captured image.

[0107] Malignant tumor tissue has a higher total hemo-
globin amount than normal tissue due to angiogenesis, and
also exhibits remarkable oxygen metabolism, and therefore
it is known that the degree of oxygen saturation is lower than
that of normal tissue. In view of this, the controller 530 can
perform processing to extract the pixels for which the total
hemoglobin amount acquired in processing step S4 is greater
than a predetermined reference value (first reference value),
and for which the degree of oxygen saturation acquired in
processing step S5 is less than a predetermined reference
value (second reference value), perform enhanced display
processing on corresponding pixels of normal observation
image data for example to generate enhanced lesion site
image data, and display the enhanced lesion site image on
the monitor 300 along with the normal observation image
and/or the degree of oxygen saturation distribution image (or
on its own).

[0108] Examples of enhanced display processing include
processing for increasing the pixel values of corresponding
pixels, processing for changing the hue (e.g., processing for
increasing the redness by increasing the R component, or
processing for rotating the hue by a predetermined angle),
and processing for flashing corresponding pixels (or peri-
odically changing the hue).
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[0109] Also, a configuration is possible in which, instead
of generating enhanced lesion site image data, the controller
530 calculates an indicator Z(x,y) that indicates the degree
of suspicion of a malignant tumor based on the deviation of
the degree of oxygen saturation Sat(x,y) from an average
value and the deviation of the total hemoglobin amount
tHb(x,y) from an average value, and generate image data in
which the pixel values are the indicator Z (malignancy
suspicion image data).

[0110] Also, in processing step S6, the controller 530 may
generate analysis image data that shows a total hemoglobin
amount distribution. Alternatively, the controller 530 may
generate both analysis image data that shows a total hemo-
globin amount distribution, and analysis image data that
shows a degree of oxygen saturation distribution.

[0111] In this way, according to the present embodiment,
by setting the operating mode of the endoscope device 1 to
the spectral analysis mode, it is possible to obtain the total
hemoglobin amount and the degree of oxygen saturation of
a biological tissue while suppressing error caused by scat-
tering.

[0112] Also, according to the present embodiment, in the
spectral analysis mode, it is possible to obtain a color
captured image of the biological tissue at the same time as
obtaining biological information such as the total hemoglo-
bin amount and the degree of oxygen saturation.

[0113] Also, with the endoscope device disclosed in Patent
Document 1, in the case of calculating an indicator that
indicates the total hemoglobin amount and an indicator that
indicates the degree of oxygen saturation, the frame rate of
color captured images decreases to Y4. In confrast, in the
present embodiment, if the operating mode of the endoscope
device 1 is set to the spectral analysis mode, the optical filter
415 and the optical filter 416 are alternatingly inserted into
the light path of the white light WL. Accordingly, images of
the biological tissue are alternatingly captured using the first
special light and the second special light. For this reason, the
frame rate of color captured images of the biological tissue
obtained in the spectral analysis mode is half the frame rate
of color captured images in the normal observation mode.
According to the present embodiment, it is therefore pos-
sible to obtain biological information while suppressing a
decrease in the frame rate in comparison with the Patent
Document 1.

[0114] Although an embodiment of the present invention
and a specific working of the embodiment have been
described above, the present invention is not limited to the
above configurations, and various modifications can be
made within the scope of the technical idea of the present
invention.

[0115] Also, the transmission spectrums of the optical
filters 415 and 416 in the present embodiment are not limited
to the spectrums shown in FIG. 9.

[0116] FIGS. 12(a) and 12(5) respectively show the trans-
mission spectrums of an optical filter 415A and an optical
filter 416A in a variation of the present embodiment. The
optical filter 415A and the optical filter 416A are respec-
tively used in place of the optical filter 415 and the optical
filter 416. In FIGS. 12(a) and 12(b), the horizontal axis
indicates the wavelength (nm), and the vertical axis indi-
cates the transmittance (%).

[0117] The optical filter 415A has a transmission charac-
teristic of allowing light in the wavelength region W1, the
Wavelength region W2, and the wavelength region W7 (W
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band), and light with wavelengths longer than those the
wavelength region WR shown in FIG. 1 to pass (he trans-
mitted) with low loss. Specifically, the optical filter 415A
has a transmission characteristic of allowing the passage of
light in a wavelength region of wavelengths less than 502
nm, a wavelength region of wavelengths greater than or
equal to 528 nm and less than 584 nm, and a wavelength
region of wavelengths greater than or equal to 660 nm. Also,
the optical filter 415A blocks light in a wavelength region of
wavelengths greater than or equal to 502 nm and less than
528 nm, and a wavelength region of wavelengths greater
than or equal to 584 nm and less than 660 nm.

[0118] The optical filter 416A has a transmission charac-
teristic of allowing light in the wavelength region W2, the
wavelength region W5 (N band), and the wavelength region
WR shown in FIG. 1 to pass (be transmitted) with low loss.
Specifically, the optical filter 416A has a transmission char-
acteristic of allowing the passage of light in a wavelength
region of wavelengths greater than or equal to 452 nm and
less than 502 nm, a wavelength region of wavelengths
greater than or equal to 546 nm and less than 570 nm, and
a wavelength region of wavelengths greater than or equal to
620 nm and less than 660 nm. Also, the optical filter 416A
blocks light in a wavelength region of wavelengths less than
or equal to 452 nm, a wavelength region of wavelengths
greater than or equal to 502 nm and less than 546 nm, a
wavelength region of wavelengths greater than or equal to
570 nm and less than 620 nm, and a wavelength region of
wavelengths greater than or equal to 660 nm.

[0119] As shown in FIG. 1, the light transmittance T, of
hemoglobin in the wavelength region W1 and the light
transmittance T, of hemoglobin in the wavelength region
W2 vary linearly relative to the degree of oxygen saturation.
Also, the extent of variation in the light transmittance Ty,
and the light transmittance T, that accompanies a change
in the degree of oxygen saturation is relatively high. Accord-
ingly, a parameter that is dependent on the degree of oxygen
saturation can be acquired by using the pixel values of B
pixels obtained by irradiating the biological tissue with
illumination light in the wavelength region W1 and the
wavelength region W2 obtained using the optical filter
415A, and the pixel values of B pixels obtained by irradi-
ating the biological tissue with illumination light in the
wavelength region W2 obtained using the optical filter
416A. This parameter is used to correct the degree of oxygen
saturation acquired in processing step S5, for example.
Accordingly, the precision in detection of the degree of
oxygen saturation improves.

[0120] Also, as shown in FIG. 2, the extent of variation in
the spectral characteristics of the biological tissue relative to
the extent of scattering is relatively large in the wavelength
region W1 and the wavelength region W2. Also, the amount
of variation in the spectral characteristics of the biological
tissue relative to the extent of scattering is different between
the wavelength region W1 and the wavelength region W2.
For this reason, using the optical filter 415A and the optical
filter 416 A makes it possible to acquire a parameter that is
dependent on the degree of oxygen saturation and also the
extent of scattering.

[0121] Also, as shown in FIG. 1, in the wavelength region
of wavelengths greater than or equal to 660 nm, the absorp-
tion of light by hemoglobin is small, and the light transmit-
tance is high. Also, in the wavelength region of wavelengths
greater than or equal to 660 nm, the amount of variation in
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the light transmittance of hemoglobin relative to change in
the degree of oxygen saturation is relatively small. For this
reason, by using the pixel values of R pixels obtained by
irradiating the biological tissue with light in the wavelength
region of wavelengths greater than or equal to 660 nm
obtained using the optical filter 415A, it is possible to
acquire biological information other than the total hemoglo-
bin amount and the degree of oxygen saturation of the
biological tissue as background information. Subtracting
this background information from the pixel values makes it
possible to improve the precision in detection of the total
hemoglobin amount and the degree of oxygen saturation.
[0122] Note that the transmission spectrums of the optical
filter 415A and the optical filter 416 A are not limited to the
characteristics shown in FIG. 12. For example, instead of
having transmission characteristics of allowing light in the
wavelength region W2 to pass, the optical filter 416 A may
have transmission characteristics of allowing the passage of
light any wavelength region within the pass wavelength
region of the B color filter. Also, instead of having trans-
mission characteristics of allowing light with wavelengths
greater than or equal to 660 nm to pass, the optical filter
415A may have transmission characteristics of allowing the
passage of light in any wavelength region within the pass
wavelength region of the R color filter.

[0123] Also, in the above embodiment, in processing step
S2 shown in FIG. 10, color captured image data is generated
based on the R digital image data R(x,y), the G digital image
data W(x,y), and the B digital image data B(x,y) that are
obtained using the first special light that passes through the
optical filter 415, but the present invention is not limited to
this. For example, a color captured image may be generated
based on image data obtained using the second special light
that passes through the optical filter 416A. Also, a color
captured image may be generated based on both image data
obtained using the first special light and image data obtained
using the second special light. Furthermore, a configuration
is possible in which a color captured image is generated
based on image data obtained using the first special light,
and a color captured image is also generated based on image
data obtained using the second special light.

[0124] For example, in the case of using the optical filter
415A and the optical filter 416A as optical filters, the first
special light and the second special light have different
spectrums. For this reason, a color captured image generated
using the first special light and a color captured image
generated using the second special light have different hues.
However, this difference in hue can be suppressed through
image processing. Accordingly, by generating a color cap-
tured image based on image data obtained using the first
special light, generating a color captured image based on
image data obtained using the second special light, and
adjusting the hues of the two color captured images, it is
possible to display a color captured image of the biological
tissue without reducing the frame rate.

[0125] Also, the image sensor 141 of the present embodi-
ment is described as being an image sensor for color image
capturing that includes R, G, and B primary-color color
filters on the front side, but there is no limitation to this
configuration, and an image sensor for color image captur-
ing that includes Y, Cy, Mg, and G complementary-color
color filters for example may be used.

[0126] Also, the image sensor 141 of the present embodi-
ment is described as being an image sensor for color image
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capturing that includes an on-chip color filter 1414, but there
is no limitation to this configuration, and a configuration is
possible in which, for example, an image sensor for black-
and-white image capturing is used and includes a so-called
frame sequential color filter. Also, the color filter 1414 is not
limited to having an on-chip configuration, and can be
arranged in the optical path between the light source 430 and
the image sensor 141.

[0127] Also, in the above embodiment, a configuration is
applied in which the rotating filter 410 is provided on the
light source side and performs filtering on illumination light
1L, but the present invention is not limited to this configu-
ration, and a configuration is possible in which the rotating
filter 410 is provided on the image sensor side (e.g., between
the objective optical system 121 and the image sensor 141)
and performs filtering on returning light from the subject.
[0128] Also, in the above embodiment, a white light
source such as a xenon lamp is used as the light source that
generates wide band light for illumination, but it is possible
to use a light source that generates non-white wide band
light having a sufficient light quantity over the entire pass
wavelength region of the optical filters that are used.
[0129] Also, although transmissive optical filters are used
in the above embodiment, reflective optical filters that reflect
a pass wavelength region may be used.

[0130] Also, although the example of applying the present
invention to an electronic endoscope, which is one aspect of
a digital camera, is described in the above embodiment, the
present invention can also be applied to systems that use
various other types of digital cameras (e.g., digital SLR
cameras or digital video cameras). For example, if the
present invention is applied to a digital still camera, it is
possible to observe body surface tissue or observe brain
tissue during craniotomy (e.g., perform a rapid brain blood
flow test).

1. An analysis device comprising:

a light source device;

a wavelength selection unit that alternatively extracts first
special light and second special light from light emitted
from the light source device, the first special light and
the second special light having mutually different spec-
trums;

an image sensor that includes an RGB color filter, receives
light from a biological tissue that is a subject, and
outputs a pixel signal that corresponds to the received
light; and

a signal processing unit that performs predetermined
signal processing on the pixel signal output from the
image sensor,

wherein the first special light includes light in a first
wavelength region that passes through a G filter of the
RGB color filter,

the second special light includes light in a second wave-
length region that passes through the G filter, the
second wavelength region being different from the first
wavelength region,

at least one of the first special light and the second special
light includes light that passes through an R filter of the
RGB color filter,

at least one of the first special light and the second special
light includes light that passes through a B filter of the
RGB color filter,

the signal processing unit calculates a first indicator that
indicates a feature amount of the biological tissue,



US 2019/0125229 Al

based on the pixel signal output according to the light
in the first wavelength region and the pixel signal
output according to the light in the second wavelength
region, and

the signal processing unit generates a color captured
image of the biological tissue based on the pixel signal
output according to light that passes through the RGB
color filter.

2. The analysis device according to claim 1,

wherein the feature amount is a degree of oxygen satu-
ration of hemoglobin included in the biological tissue,
and

the first indicator is a ratio N/W of a pixel signal N output
from the image sensor according to the light in the first
wavelength region and a pixel signal W output from the
image sensor according to the light in the second
wavelength region.

3. The analysis device according to claim 2,

wherein the first wavelength region includes a wavelength
region that is defined by a predetermined pair of
isosbestic points of hemoglobin, and

the second wavelength region includes a wavelength
region that includes the first wavelength region and is
defined by a pair of isosbestic points that is different
from the predetermined pair of isosbestic points of
hemoglobin.

4. The analysis device according to claim 3,

wherein the first wavelength region is a wavelength
region of wavelengths greater than or equal to 546 nm
and less than or equal to 570 nm, and

the second wavelength region is a wavelength region of
wavelengths greater than or equal to 528 nm and less
than or equal to 584 nm.

5. The analysis device according to claim 4,

wherein a wavelength region of light transmitted by the R
filter includes a wavelength region of wavelengths
greater than or equal to 600 nm,

a wavelength region of light transmitted by the G filter
includes a wavelength region of wavelengths greater
than or equal to 528 nm and less than or equal to 584
nm, and

a wavelength region of light transmitted by the B filter
includes a wavelength region of wavelengths less than
or equal to 502 nm.

6. The analysis device according to claim 2,

wherein the signal processing unit calculates a second
indicator that indicates the amount of hemoglobin
included in the biological tissue, using the following
expression, based on the pixel signal W, a pixel signal
R output from the image sensor according to light that
passes through the R filter, and a pixel signal B output
from the image sensor according to light that passes
through the B filter,

W/(C1xR+C2xW+C3xB)

where C1, C2, and C3 are each a constant greater than or
equal to zero.

7. The analysis device according to claim 1,

wherein the signal processing unit generates a color
captured image of the biological tissue based on a pixel
signal R output from the image sensor according to
light that passes through the R filter, a pixel signal G
output from the image sensor according to light that
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passes through the G filter, and a pixel signal B output
from the image sensor according to light that passes
through the B filter, and
the pixel signal G is one of a pixel signal N output from
the image sensor according to the light in the first
wavelength region and a pixel signal W output from the
image sensor according to the light in the second
wavelength region.
8. The analysis device according to claim 1,
wherein the wavelength selection unit includes
a first optical filter that extracts the first special light
from the light emitted from the light source device,
a second optical filter that extracts the second special
light from the light emitted from the light source
device, and
a filter drive unit that alternatively inserts the first
optical filter and the second optical filter into a light
path of the light emitted from the light source device.
9. The analysis device according to claim 6,
wherein the first wavelength region includes a wavelength
region that is defined by a predetermined pair of
isosbestic points of hemoglobin, and
the second wavelength region includes a wavelength
region that includes the first wavelength region and is
defined by a pair of isosbestic points that is different
from the predetermined pair of isosbestic points of
hemoglobin.
10. The analysis device according to claim 9,
wherein the first wavelength region is a wavelength
region of wavelengths greater than or equal to 546 nm
and less than or equal to 570 nm, and
the second wavelength region is a wavelength region of
wavelengths greater than or equal to 528 nm and less
than or equal to 584 nm.
11. The analysis device according to claim 7,
wherein the feature amount is a degree of oxygen satu-
ration of hemoglobin included in the biological tissue,
and
the first indicator is a ratio N/W of a pixel signal N output
from the image sensor according to the light in the first
wavelength region and a pixel signal W output from the
image sensor according to the light in the second
wavelength region.
12. The analysis device according to claim 11,
wherein the first wavelength region includes a wavelength
region that is defined by a predetermined pair of
isosbestic points of hemoglobin, and
the second wavelength region includes a wavelength
region that includes the first wavelength region and is
defined by a pair of isosbestic points that is different
from the predetermined pair of isosbestic points of
hemoglobin.
13. The analysis device according to claim 11,
wherein the signal processing unit calculates a second
indicator that indicates the amount of hemoglobin
included in the biological tissue, using the following
expression, based on the pixel signal W, a pixel signal
R output from the image sensor according to light that
passes through the R filter, and a pixel signal B output
from the image sensor according to light that passes
through the B filter,

W/(CIxR+C2xW+C3xB)
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where C1, C2, and C3 are each a constant greater than or
equal to zero.

14. A method of analysis comprising:

alternatively extracting first special light and second spe-
cial light from light emitted from a light source device,
the first special light and the second special light having
mutually different spectrums;

receiving, by an image sensor that includes an RGB color
filter, light from a biological tissue that is a subject;

outputting a pixel signal that corresponds to the received
light; and

performing predetermined signal processing on the out-
putted pixel signal,

wherein the first special light includes light in a first
wavelength region that passes through a G filter of the
RGB color filter,

the second special light includes light in a second wave-
length region that passes through the G filter, the
second wavelength region being different from the first
wavelength region,

at least one of the first special light and the second special
light includes light that passes through an R filter of the
RGB color filter,

at least one of the first special light and the second special
light includes light that passes through a B filter of the
RGB color filter,

wherein the performing predetermined signal processing
includes calculating a first indicator that indicates a
feature amount of the biological tissue, based on the
pixel signal output according to the light in the first
wavelength region and the pixel signal output accord-
ing to the light in the second wavelength region, and

wherein the method includes generating a color captured
image of the biological tissue based on the pixel signal
output according to light that passes through the RGB
color filter.

15. The method according to claim 14,

wherein the feature amount is a degree of oxygen satu-
ration of hemoglobin included in the biological tissue,
and

the first indicator is a ratio N/'W of a pixel signal N output
from the image sensor according to the light in the first
wavelength region and a pixel signal W output from the
image sensor according to the light in the second
wavelength region.

16. The analysis device according to claim 15,

wherein the performing predetermined signal processing
includes calculating a second indicator that indicates
the amount of hemoglobin included in the biological
tissue, using the following expression, based on the
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pixel signal W, a pixel signal R output from the image
sensor according to light that passes through the R
filter, and a pixel signal B output from the image sensor
according to light that passes through the B filter,

W/(CIxR+C2xW+C3xB)

where C1, C2, and C3 are each a constant greater than or
equal to zero.

17. The method according to claim 15,

wherein the first wavelength region includes a wavelength
region that is defined by a predetermined pair of
isosbestic points of hemoglobin, and

the second wavelength region includes a wavelength
region that includes the first wavelength region and is
defined by a pair of isosbestic points that is different
from the predetermined pair of isosbestic points of
hemoglobin.

18. The method according to claim 17,

wherein the first wavelength region is a wavelength
region of wavelengths greater than or equal to 546 nm
and less than or equal to 570 nm, and

the second wavelength region is a wavelength region of
wavelengths greater than or equal to 528 nm and less
than or equal to 584 nm.

19. The method according to claim 18,

wherein a wavelength region of light transmitted by the R
filter includes a wavelength region of wavelengths
greater than or equal to 600 nm,

a wavelength region of light transmitted by the G filter
includes a wavelength region of wavelengths greater
than or equal to 528 nm and less than or equal to 584
nm, and

a wavelength region of light transmitted by the B filter
includes a wavelength region of wavelengths less than
or equal to 502 nm.

20. The method according to claim 14,

the method further comprising generating a color captured
image of the biological tissue based on a pixel signal R
output from the image sensor according to light that
passes through the R filter, a pixel signal G output from
the image sensor according to light that passes through
the G filter, and a pixel signal B output from the image
sensor according to light that passes through the B
filter, and

the pixel signal G is one of a pixel signal N output from
the image sensor according to the light in the first
wavelength region and a pixel signal W output from the
image sensor according to the light in the second
wavelength region.
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