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Description

Background of the Invention

[0001] The presentinvention relates to an analyzing device and an analyzing method for obtaining an index indicating
concentration of biological substances in a biological tissue.

[0002] Recently, an endoscope device having a function of photographing spectroscopic image (spectral endoscope
device) has been proposed. By using such a spectral endoscope device, it is possible to obtain information concerning
spectral property (e.g., reflection spectrum) of a biological tissue such as a mucous membrane of a digestive organ. It
is known that the reflection spectrum of a biological tissue reflects information concerning types or densities of components
contained in the vicinity of a surface layer of a biological tissue being a measurement target. Specifically, it is known
that an absorbance calculated from the reflection spectrum of a biological tissue equals to an absorbance obtained by
linearly superimposing absorbances of a plurality of substances that compose the biological tissue.

[0003] Itis known that composition and amount of substances in a lesion biological tissue differ from those in a healthy
biological tissue. It is reported in many of the earlier studies that abnormalities of lesions represented by such as cancer
are particularly deeply related to a condition of blood, especially to an overall amount of blood or oxygen saturation.
Qualifying and quantifying two focused biological tissues by using spectroscopic feature values within the visible range
that the two focused biological tissues have is a frequently used method in the field of spectrographic analysis. Therefore,
it is possible to estimate existence of some kind of lesions in a biological tissue by comparing a spectral characteristic
of blood in a biological tissue that includes lesions with a spectral characteristic of blood in a biological tissue that does
not include lesions.

[0004] A spectral image is composed of a series of image information captured using light of different wavelengths,
and more detailed spectral information of a biological tissue can be obtained from the spectral image having higher
wavelength resolutions (i.e., larger number of wavelengths used to acquire image information). Japanese Patent Pro-
visional Publication No. 2012-245223A (hereafter, referred to as Patent Document 1) discloses an exemplary configu-
ration of a spectral endoscope device which acquires spectral images in a wavelength range of 400-800nm at 5nm
intervals.

[0005] Document EP 2 702 938 A1 discloses an endoscope device including a light source device switching between
a light of a first illumination wavelength range which a first biological substance and a second biological substance absorb
and light of a second illumination wavelength range. This endoscope device further includes an index calculation unit
which is configured to calculate an index representing a molar ratio between the first biological substance and the second
biological substance, wherein the index is calculated based on first image data obtained by capturing the biological
tissue under illumination of the light of the first illumination wavelength range and second image data obtained by
capturing the biological tissue under illumination of the light of the second illumination wavelength range.

[0006] Further, reference is made to US 2010/168584 A1 disclosing an endoscope device with a light source device
wherein the light source device switches between light of a first illumination wavelength range and light of a second
illumination wavelength range lying within the first illumination wavelength range.

Summary of the Invention

[0007] However, in order to acquire spectral images having high wavelength resolutions, such as the spectral images
disclosed in Patent Document 1, lots of images need to be captured while changing an image pick-up wavelength.
Furthermore, alarge amount of calculation is necessary to analyze lots of images and thus it takes time to analyze them.
Thatis, relatively complicated photographing operations and calculations need to be repeated to obtain effective diagnosis
supportinformation. Accordingly, there is a problem that it takes time to obtain the effective diagnosis support information.
[0008] The present invention is made in view of the above situation. That is, the object of the present invention is to
provide an endoscope device and an analyzing method capable of acquiring image information showing distributions of
biological substances, such as oxygen saturation distribution, in a short time.

[0009] According to an aspect of the invention, there is provided an endoscope device according to claim 1. The
endoscope device comprises: a light source device; an image pick-up device that generates image data by capturing a
biological tissue illuminated with light emitted by the light source device; and an index calculation unit configured to
calculate an index X representing a molar ratio between a first biological substance and a second biological substance
contained in the biological tissue based on the image data. In this configuration, the light source device switches between
light of a first illumination wavelength range which the first biological substance and the second biological substance
absorb and light of a second illumination wavelength range lying within the first illumination wavelength range. The index
calculation unit is configured to calculate the index X based on first image data G, obtained by capturing the biological
tissue under illumination of the light of the first illumination wavelength range and second image data G, obtained by
capturing the biological tissue under illumination of the light of the second illumination wavelength range.
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[0010] With this configuration, it becomes possible to obtain image information representing distribution of biological
substances, such as oxygen saturation, in a short time.

[0011] Inatleastone aspect, the firstillumination wavelength range may include both of an absorption peak wavelength
of the first biological substance and an absorption peak wavelength of the second biological substance, and the second
illumination wavelength range may include an absorption peak wavelength of one of the first biological substance and
the second biological substance.

[0012] In at least one aspect, the first illumination wavelength range may include: a shorter wavelength side range
which is situated to adjoin a shorter wavelength side edge of the second illumination wavelength range and includes an
absorption peak of the other of the first biological substance and the second biological substance; and alonger wavelength
side range which is situated to adjoin a longer wavelength side edge of the second illumination wavelength range and
includes an absorption peak of the other of the first biological substance and the second biological substance.

[0013] In at least one aspect, the light source device may comprise: a light source that emits wide band light; a first
optical filter that selectively extracts the light of the first illumination wavelength range from the wide band light; and a
second optical filter that selectively extracts the light of the second illumination wavelength range from the wide band light.
[0014] In at least one aspect, the index calculation unit may operate to: calculate an absorption A; of the biological
tissue in the first illumination wavelength range based on the first image data G, ; calculate an absorption A, of the
biological tissue in the second illumination wavelength range based on the second image data G,; and calculate the
index X based on the absorption A, and the absorption A,.

[0015] In atleastone aspect, the index calculation unit may calculate the absorption A; by one of following expressions
(1) and (2):

A =-logG, e (1)

A1 :_G1 (2)

[0016] The index calculation unit may calculate the absorption A, by one of following expressions (3) and (4):

A, =-logG, e (3)

[0017] In atleast one aspect, the index calculation unit may calculate the index X by one of following expressions (5)
and (6):

X=A-2KA, ()

X=A-3kA, (6)

where k is a constant number.
[0018] In at least one aspect, the index calculation unit may calculate the index X by a following expression (7):

X=wl-A —k-(wl+w2)-4, - (7)

where k, w1 and w2 are constant numbers.
[0019] In at least one aspect, the index calculation unit may calculate the index X by a following expression (8):

_ A
w2 \ kA,

T (8)
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where k, w1 and w2 are constant numbers.
[0020] In at least one aspect, the index calculation unit may calculate the index X by a following expression (9):

A B wl
X :% ..... 9)

where k, w1 and w2 are constant numbers.

[0021] In at least one aspect, the constant number k may be determined such that a value of the index X calculated
based on the first image data G, and the second image data G, obtained by capturing a biological tissue whose molar
ratio is known becomes closest to a theoretical value of the index X.

[0022] In at least one aspect, by obtaining measurement values of the indexes X of a plurality of different biological
tissues whose molar ratios are known, the constantnumber k may be determined such that a calibration curve representing
arelationship between the known molar ratios and the measurement values of the indexes becomes closest to a reference
line representing a relationship between the known molar ratios and theoretical values of the indexes X.

[0023] In at least one aspect, the constant number k may be 1.

[0024] In at least one aspect, the light source device may comprise a third optical filter that selectively extracts, from
the wide band light, light of a third illumination wavelength range in which a degree of absorption by the biological tissue
is sufficiently lower than that in the first illumination wavelength range. In this case, the image pick-up device may
generate third image data R4 by capturing the biological tissue under illumination of the light of the third illumination
wavelength range. The index calculation unit may be configured to calculate a first standardized reflectivity SR, by
dividing the first image data G, by the third image data R; and to calculate the absorption A; by one of following
expressions (10) and (11):

A =—logSr, (10)

A =-SR, (11).

[0025] The index calculation unit may be configured to calculate a second standardized reflectivity SR, by dividing
the second image data G, by the third image data R5 and to calculate the absorption A, by one of following expressions
(12) and (13):

A, =—logSR, (12)

A =-SR, (13).

[0026] In at least one aspect, The image pick-up device may obtain first baseline image data BL, by capturing a
colorless reference board under illumination of the light of the first illumination wavelength range, second baseline image
data BL, by capturing the colorless reference board under illumination of the light of the second illumination wavelength
range, and third baseline image data BL3 by capturing the colorless reference board under illumination of the light of
the third illumination wavelength range. In this case, the index calculation unit may be configured to calculate the first
standardized reflectivity SR, by a following expression (14), and calculates the second standardized reflectivity SR, by
a following expression (15):
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[0027] In at least one aspect, the image pick-up device may be a color image pick-up device having an RGB color
filter. In this case, the third illumination wavelength range may be a red color wavelength range. The third image data
R; may be image data obtained by a light-receiving element of the image pick-up device to which an R filter of the RGB
color filter is attached.

[0028] In at least one aspect, the image pick-up device may be a color image pick-up device having an RGB color
filter. In this case, the image pick-up device may obtain first baseline image data BL, by capturing a colorless reference
board under illumination of the light of the first illumination wavelength band, second baseline image data BL, by capturing
the colorless reference board under illumination of the light of the second illumination wavelength band, third baseline
image data BL;g, BL;g and BLsg of three primary colors by capturing the colorless reference board under illumination
of the wide band light, and normal observation image data Ry, Gy and By of three primary colors by capturing the
biological tissue under illumination of the wide band light. The index calculation unit may be configured to calculate the
first standardized reflectivity SR, by a following expression (16), and calculates the second standardized reflectivity SR,
by a following expression (17):

BL,, BL,, BL,,

[0029] In at least one aspect, the analyzing device may further comprise a light reduction unit configured to reduce
the light of the first illumination wavelength range such that exposure to obtain the first image data G, becomes sub-
stantially equal to exposure to obtain the second image data G,.

[0030] In at least one aspect, the first biological substance may be oxyhemoglobin, the second biological substance
may be deoxyhemoglobin, and the molar ratio may be oxygen saturation.

[0031] In at least one aspect, absorption by the first biological substance and the second biological substance may
correspond to a Q-band of hemoglobin. The image pick-up device may have an RGB color filter. The first image data
G, and the second image data G, may be image data obtained by a light-receiving element of the image pick-up device
to which a G filter of the RGB color filter is attached.

[0032] Inatleastone aspect, the index calculation unit may be configured to generate a distribution image representing
distribution of the molar ratio between the first biological substance and the second biological substance in the biological
tissue based on the index X.

[0033] In at least one aspect, the wide band light may be white light. The image pick-up device may obtain normal
image data by capturing the biological tissue under illumination of the white light. The index calculation unit may be
configured to: calculate an index Y representing a total hemoglobin amount based on the first image data G,; extract,
as a lesion portion, a pixel having the index Y larger than a first reference value and having the index X smaller than a
second reference value; and generate a lesion region highlighting image in which the pixel corresponding to the lesion
region of the normal observation image data is highlighted

[0034] In atleast one aspect, the analyzing device may further comprise an endoscope having a tip portion in which
the image pick-up device is provided.

[0035] According to another aspect of the invention, there is provided an analyzing method implemented on an endo-
scope device according to claim 18. The analyzing method comprises: obtaining first image data G, by capturing a
biological tissue under illumination of light of a first illumination wavelength range which a first biological substance and
a second biological substance contained in the biological tissue absorb; obtaining second image data G, by capturing
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the biological tissue under illumination of light of a second illumination wavelength range lying within the first illumination
wavelength range; and calculating an index X representing a molar ratio between the first biological substance and the
second biological substance contained in the biological tissue based on the first image data G, and the second image
data G,.

[0036] With this configuration, it becomes possible to obtain image information representing distribution of biological
substances, such as oxygen saturation, in a short time.

Brief Description of the Accompanying Drawings

[0037]

Fig. 1 shows an absorption spectrum of in Q-band of hemoglobin.

Fig. 2 is a block diagram illustrating a configuration of an endoscope device according to an embodiment of the
invention.

Fig. 3 is a graph illustrating a spectral property of a color filter embedded in an image pick-up device provided in
the endoscope device.

Fig. 4 illustrates an outer appearance of a rotating filter provided in the endoscope device.

Fig. 5 is a flowchart illustrating an image generation process according to the embodiment of the invention.

Figs. 6A and 6B show exemplary calibration curves used for determining a correction coefficient k.

Figs. 7A and 7B show display examples of image data generated by the endoscope device, in which Fig. 7A shows
two-dimensional representation of an oxygen saturation distribution image and Fig. 7B shows three-dimensional
representation of the oxygen saturation distribution image.

Detailed Description of the Embodiments

[0038] In the following, an embodiment according to the present invention is described with reference to the accom-
panying drawings.

[0039] An endoscope device according to the embodiment of the present invention described below is a device that
quantitatively analyzes biological information (e.g., oxygen saturation) of an object on the basis of a plurality of images
captured using light of different wavelengths and displays the analysis result as images. In a quantitative analysis of the
oxygen saturation described below, a characteristic that a spectral property of blood (i.e., spectral property of hemoglobin)
continuously changes in accordance with the oxygen saturation is used.

(Principles for Calculation of Spectral Property of Hemoglobin and Oxygen Saturation)

[0040] Before explaining a detailed configuration of an endoscope device according to the embodiment of the present
invention, principles for calculation of the spectral property of hemoglobin and the oxygen saturation used in the em-
bodiment will be described.

[0041] Fig. 1 shows an absorption spectrum of hemoglobin at wavelengths of around 550 nm. Hemoglobin has a
strong absorption band, derived from porphyrin, called Q-band at wavelengths of around 550 nm. The absorption spectrum
of hemoglobin changes in accordance with the oxygen saturation (ratio of oxyhemoglobin to the overall hemoglobin). A
waveform shown in a solid line in Fig. 1 is an absorption spectrum of hemoglobin when the oxygen saturation is 100%
(i.e., an absorption spectrum of oxyhemoglobin HbO), and a waveform shown in a long-dashed line is an absorption
spectrum of hemoglobin when the oxygen saturation is 0% (i.e., an absorption spectrum of deoxyhemoglobin Hb).
Waveforms shown in short-dashed lines are absorption spectra of hemoglobin (a mixture of oxyhemoglobin and deox-
yhemoglobin) at oxygen saturations of between 0% and 100% (10, 20, 30, ..., 90%).

[0042] As shown in Fig. 1, at Q-band, oxyhemoglobin and deoxyhemoglobin show peak wavelengths that differ from
each other. Specifically, oxyhemoglobin has an absorption peak P1 at a wavelength of around 542 nm, and an absorption
peak P3 at a wavelength of around 576 nm. On the other hand, deoxyhemoglobin has an absorption peak P2 at a
wavelength of around 556 nm. Since Fig. 1 shows a two-component absorption spectrum in which a sum of a concentration
of each component (oxyhemoglobin and deoxyhemoglobin) is constant, isosbestic points E1, E2, E3 and E4, where
absorbances are constant regardless of the concentration of each component (i.e., oxygen saturation), appear. In the
following description, a wavelength range between isosbestic points E1 and E2 is referred to as wavelength range R1,
a wavelength range between isosbestic points E2 and E3 is referred to as wavelength range R2, and a wavelength
range between isosbestic points E3 and E4 is referred to as wavelength range R3. Further, a wavelength range between
isosbestic points E1 and E4 is referred to as wavelength range RO.

[0043] Asshownin Fig. 1, between neighboring isosbestic points, absorbance of hemoglobin monotonically increases
or decreases with the oxygen saturation. Further, between neighboring isosbestic points, absorbance of hemoglobin
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almost linearly changes with the oxygen saturation.

[0044] Specifically, absorbances Ag; and Ags of hemoglobin at wavelength ranges R1 and R3 linearly increases with
oxyhemoglobin concentration (oxygen saturation), and absorbance Ar, of hemoglobin at wavelength range R2 linearly
increases with deoxyhemoglobin concentration (1 - "oxygen saturation"). Therefore, an index X, defined by the following
expression (18), linearly increases with oxyhemoglobin concentration (oxygen saturation).

X :(ARl +AR3)_AR2 """ (18)

[0045] Therefore, the oxygen saturation can be calculated from the index X by experimentally acquiring a quantitative
relationship between the oxygen saturation and the index X.

(Configuration of Endoscope Device)

[0046] Fig. 2 is a block chart illustrating an endoscope device 1 according to the embodiment of the present invention.
The endoscope device 1 of the present embodiment comprises an electronic endoscope 100, a processor 200 and a
monitor 300. The electronic endoscope and the monitor 300 are detachably connected to the processor 200. Also, the
processor 200 includes therein a light source unit 400 and an image processor unit 500.

[0047] The electronic endoscope 100 has an insertion tube 110 to be inserted into a body cavity. The electronic
endoscope 100 is provided with a light guide 131 which extends over the full length of the electronic endoscope 100.
One end portion of the light guide 131 (tip portion 131a) is arranged close to a tip portion of the insertion tube 110
(insertion tube tip portion 111), and the other end portion of the light guide 131 (end portion 131b) is connected to the
processor 200. The processor 200 includes therein the light source unit 400 comprising a light source lamp 430, e.g.,
a Xenon lamp which generates a large amount of white light WL. The illumination light IL generated by the light source
unit 400 is incident on the end portion 131b of the light guide 131. The light which is incident on the proximal end portion
131b of the light guide 131 is guided to the tip portion 131a through the light guide 131, and is emitted from the tip portion
131a. At the insertion tube tip portion 111 of the electronic endoscope 100, a light distribution lens 132 is arranged to
face the tip portion 131a of the light guide 131. The illumination light IL emitted from the tip portion 131a of the light guide
131 passes through the distribution lens 132, and illuminates the biological tissue T near the insertion tube tip portion 111.
[0048] An objective optical system 121 and an image pick-up device 141 are provided at the insertion tube tip portion
111. A portion of light which is reflected or scattered by the surface of the biological tissue T (return light) is incident on
the objective optical system 121 and condensed, and forms an image on a light-receiving surface of the image pick-up
device 141. The image pick-up device 141 of the present embodiment is a color image capturing CCD (Charge Coupled
Device) image sensor comprising a color filter 141a on a light-receiving surface thereof, but other types of image pick-
up device such as CMOS (Complementary Metal Oxide Semiconductor) image sensor may also be used. The color
filter 141a is a so-called on-chip filter, in which an R filter that transmits red light, a G filter that transmits green light, and
a B filter that transmits blue light are arranged, which is directly formed on each light-receiving element of the image
pick-up device 141. Each of the R filter, G filter and B filter has a spectral property shown in Fig. 3. That is, the R filter
of the present embodiment is a filter that transmits light having wavelengths of longer than about 570 nm, the G filter is
a filter that transmits light having wavelengths of between about 470-620nm, and the B filter is a filter that transmits light
having wavelengths of shorter than about 530 nm.

[0049] Theimage pick-up device 141 is controlled to drive in synchronization with a signal processing circuit 550 which
will be described later, and periodically (e.g., at 1/30 seconds interval) outputs imaging signals corresponding to an
image formed on the light-receiving surface. The imaging signals which are outputted from the image pick-up device
141 are sent to the image processor unit 500 of the processor 200 via a cable 142.

[0050] The image processor unit 500 comprises an A/D conversion circuit 510, a temporary memory 520, a controller
530, a video memory 540 and a signal processing circuit 550. The A/D conversion circuit 510 executes A/D conversion
to the image signals transmitted from the image pick-up device 141 of the electronic endoscope 100 via the cable 142
to output digital image data. The digital image data outputted from the A/D conversion circuit 510 is transmitted to and
stored in the temporary memory 520. The digital image data includes R digital image data which is captured by the light-
receiving element to which the R filter is provided, G digital image data which is captured by the light-receiving element
to which the G filter is provided, and B digital image data which is captured by the light-receiving element to which the
B filter is provided.

[0051] The controller 530 processes a piece of or a plurality of pieces of image data stored in the temporary memory
520 to generate one piece of display image data, and transmits the display image data to the video memory 540. For
example, the controller 530 generates display image data such as display image data generated from a piece of digital
image data, display image data in which a plurality of pieces of image data are arranged, or display image data in which
healthy regions and lesion regions are identified or a graph of a reflection spectrum of the biological tissue T corresponding
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to a specific pixel (x, y) is displayed by generating a reflection spectrum of the biological tissue T for each pixel (x, y) on
the basis of a plurality of pieces of digital image data, and stores them in the video memory 540. The signal processing
circuit 550 generates video signals having a predetermined format (e.g., a format which conforms to NTSC or DVI
standard) on the basis of the display image data stored in the video memory 540, and outputs the video signals. The
video signals outputted from the signal processing circuit 550 are inputted to the monitor 300. As a result, endoscopic
images taken by the electronic endoscope 100 and the like are displayed on the monitor 300.

[0052] As described above, the processor 200 has both a function as a video processor for processing the image
signals outputted from the image pick-up device 141 of the electronic endoscope 100, and a function as a light source
device for supplying illumination light IL to the light guide 131 of the electronic endoscope 100 to illuminate the biological
tissue T being an object.

[0053] Other than the above-mentioned light source 430, the light source unit 400 comprises a collimator lens 440, a
rotating filter 410, a filter control unit 420 and a condenser lens 450. The white light WL emitted from the light source
430 is converted by the collimator lens 440 into a collimated beam, transmits through the rotating filter 410, and then is
incident on the end portion 131b of the light guide 131 by the condenser lens 450. The rotating filter 410 is movable
between an applied position on an optical path of the white light WL and a retracted position shifted from the optical path
by a moving mechanism (not shown) such as a linear guide way.

[0054] Therotatingfilter 410 is a circular plate type optical unit comprising a plurality of optical filters, and is configured
such that a transmission wavelength range thereof changes in accordance with the rotation angle thereof. The rotation
angle of the rotating filter 410 is controlled by the filter control unit 420 connected to the controller 530. The spectrum
of the illumination light supplied to the light guide 131 through the rotating filter 410 can be switched by the controller
530 controlling the rotation angle of the rotating filter 410 via the filter control unit 420.

[0055] Fig. 4 is an external view (front view) of the rotating filter 410. The rotating filter 410 comprises a substantially
circular plate shaped frame 411, and four fan-shaped optical filters 415, 416, 417, and 418. Around the central axis of
the frame 411, four fan-shaped windows 414a, 414b, 414c, and 414d are formed at regular intervals, and the optical
filters 415, 416, 417, and 418 are fit into each of the windows 414a, 414b, 414c, and 414d, respectively. It is noted that,
although the optical filters of the present embodiment are all dielectric multilayer film filters, other types of optical filters
(e.g., absorbing type optical filters or etalon filters in which dielectric multilayers are used as reflecting layers) may also
be used.

[0056] Also, a boss hole 412 is formed on the central axis of the frame 411. An output axis of a servo motor (not
shown) included in the filter control unit 420 is inserted and fixed to the boss hole 412, and the rotating filter 410 rotates
along with the output axis of the servo motor.

[0057] Fig. 4 shows a state in which the white light WL is incident on the optical filter 415. However, as the rotating
filter 410 rotates in a direction indicated by an arrow, the optical filter on which the white light WL is incident changes to
415, 416, 417, 418 in this order, and thus the spectrum of the illumination light IL that transmits the rotating filter 410
can be switched.

[0058] The optical filters 415 and 416 are optical band-pass filters that selectively transmit light of 550 nm band. As
shown in Fig. 1, the optical filter 415 is configured to transmit light which is inside the wavelength range between isosbestic
points E1 and E4 (i.e., a wavelength range RO which is also referred to as a "first illumination wavelength range") with
low loss, and to cut off light which is outside the wavelength range. Also, the optical filter 416 is configured to transmit
light which is inside the wavelength range between isosbestic points E2 and E3 (i.e., wavelength range R2 which is also
referred to as a "second illumination wavelength range") with low loss, and to cut off light which is outside the wavelength
range.

[0059] As shown in Fig. 1, in the wavelength range RO, the peak wavelength of the absorption peak P1 which derives
from oxyhemoglobin is included. In the wavelength range R2, the peak wavelength of the absorption peak P2 which
derives from deoxyhemoglobin is included. In the wavelength range R3, the peak wavelength of the absorption peak
P3 which derives from oxyhemoglobin is included. Further, in the wavelength range RO, the peak wavelengths of the
absorption peaks P1, P2 and P3 are included.

[0060] The transmission wavelength ranges of the optical filters 415 and 416 (Fig. 1) are included in a transmission
wavelength range of the G filter of the color filter 141a (Fig. 3). Therefore, an image which is formed by light that transmitted
through the optical filter 415 or 416 is captured by the light-receiving element to which the G filter is provided, and is
acquired as the G digital image data.

[0061] The optical filter 417 is designed to selectively transmit only light of 650 nm band (630-650 nm) being a wave-
length range in which an absorbance of hemoglobin in the biological tissue T is low. The transmission wavelength range
of the optical filter 417 is included in a transmission wavelength range of the R filter of the color filter 141a (Fig. 3).
Therefore, an image which is formed by light that transmitted through the optical filter 417 is captured by the light-
receiving element to which the R filter is provided, and is acquired as the R digital image data. The image data acquired
by using the illumination light of 650 nm band is used in a standardization process which will be explained later.
[0062] Also, the optical filter 418 is an ultraviolet cut filter, and the illumination light IL (i.e., white light) that transmitted
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through the optical filter 418 is used for capturing normal observation images. It is noted that the rotating filter 410 may
be configured without the optical filter 418 to leave the window 414d of the frame 411 open.

[0063] To the window 414a, a dimmer filter 419 (ND filter) is provided over the optical filter 415. The dimmer filter 419
does not have wavelength dependency throughout the visible light range and thus only decreases a light amount of the
illumination light IL without changing the spectrum thereof. The light amount of the illumination light IL that transmitted
through the optical filter 415 and the dimmer filter 419 are adjusted to a light amount substantially equivalent to a light
amount of the illumination light IL that transmitted through the optical filter 416 by using the dimmer filter 419. Thus,
images can be captured with a proper exposure with the same exposure time in both a case where the illumination light
IL that passed through the optical filter 415 is used and a case where the illumination light IL that passed through the
optical filter 416 is used.

[0064] In the present embodiment, a metal mesh having a fine mesh size is used as the dimmer filter 419. Apart from
the metal mesh, other types of dimmer filter such as a half mirror type may be used. Further, transmittances of the optical
filters 415 and 416 themselves may be adjusted instead of using the dimmer filter. Further, dimmer filters may also be
provided to the windows 414c and 414d. Further, central angles of the windows 414a, 414b, 414c,and 414d (i.e., aperture
areas) may be changed to adjust transmitting light amounts. Further, the exposure time may be changed for each optical
filter instead of using the dimmer filter.

[0065] At the periphery of the frame 411, a through hole 413 is formed. The through hole 413 is formed at a position
that is same as a position of boundary between the windows 414a and 414d in the rotating direction of the frame 411.
Around the frame 411, a photo interrupter 422 for detecting the through hole 413 is arranged such that the photo
interrupter 422 surrounds a portion of the periphery of the frame 411. The photo interrupter 422 is connected to the filter
control unit 420.

[0066] The endoscope device 1 of the present embodiment has a normal observation mode, a spectral analysis
(oxygen saturation distribution image displaying) mode, a baseline measuring mode and a calibration mode. The normal
observation mode is an operation mode in which a color image is captured using white light that transmitted through the
optical filter 418. The spectral analysis mode is a mode in which a spectral analysis is carried out on the basis of the
digital image data captured using illumination light that transmitted through the optical filters 415, 416 and 417, and a
distribution image of biomolecules in a biological tissue (e.g., oxygen saturation distribution image) is displayed. The
baseline measuring mode is a mode in which an image of a color reference board such as a colorless diffusion board
(e.g., frosted glass) or a reference reflection board is captured as an object using illumination light that passed through
the optical filters 415, 416 and 417, before (or after) executing the actual endoscopic observation, to acquire data to be
used in a standardization process which will be described later. The calibration mode is a process in which a spectral
analysis is carried out for a sample of which properties such as the oxygen saturation is known, and a parameter
(correction coefficient k which will be described later) is adjusted such that there is no difference between the analysis
result and the theoretical value.

[0067] In the normal observation mode, the controller 530 controls the moving mechanism to move the rotating filter
410 from the applied position to the retracted position. In the operation modes other than the normal observation mode,
the rotating filter 410 located at the applied position. In the case where the rotating filter 410 is not proved with the moving
mechanism, the controller 530 controls the filter control unit 420 to immobilize the rotating filter 410 at a position where
the white light WL is incident on the optical filter 418. Then, the digital image data captured by the image pick-up device
141 is converted to video signals after performing image processes as necessary, and is displayed on the monitor 300.
[0068] In the spectral analysis mode, the controller 530 controls the filter control unit 420 to drive the rotating filter 410
to rotate at constant rotation speed while sequentially capturing images of the biological tissue T using illumination light
that transmitted through the optical filters 415, 416, 417 and 418. Then, an image indicating distribution of biomolecules
in the biological tissue is generated on the basis of digital image data acquired using each of the optical filters 415, 416
and 417. Then, a display image in which the distribution image and a normal observation image acquired by using the
optical filter 418 are arranged is generated and converted to video signals, and is displayed on the monitor 300.
[0069] In the spectral analysis mode, the filter control unit 420 detects a rotational phase of the rotating filter 410 on
the basis of timing the photo interrupter 422 detects the through hole 413, compares the rotational phase to a phase of
a timing signal supplied by the controller 530, and adjusts the rotational phase of the rotating filter 410. The timing signal
from the controller 530 is synchronized with a driving signal for the image pick-up device 141. Therefore, the rotating
filter 410 is driven to rotate at a substantially constant rotation speed in synchronization with the driving of the image
pick-up device. Specifically, the rotation of the rotating filter 410 is controlled such that the optical filter 415, 416, 417 or
418 (window 414a, b, ¢ or d) on which the white light WL is to be incident switches each time one image (three frames:
R, G and B) is captured by the image pick-up device 141.

[0070] In the baseline measuring mode, the controller 530 controls the filter control unit 420 to rotate the rotating filter
410 while sequentially capturing images of the color reference board using the illumination light IL that transmitted
through the optical filters 415, 416 and 417. Each piece of the G digital image data captured using the illumination light
IL that transmitted through the optical filters 415 and 416 is stored in an internal memory 531 of the controller 530 as
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baseline image data BL,45 (X, y) and BL4¢g (X, ¥), respectively. Further, the R digital image data captured using the
illumination light IL that transmitted through the optical filter 417 is stored in the internal memory 531 of the controller
530 as baseline image data BL447 (X, ¥).

[0071] Next, an image generation process executed by the image processor unit 500 in the spectral analysis mode
will be described. Since, in this embodiment, the image processor unit 500 calculates the index X, the image processor
unit 500 may be referred to as an index calculation unit. Fig. 5 is a flow chart explaining the image generation process.
[0072] When the spectral analysis mode is selected by a user’s operation, as described above, the filter control unit
420 drives the rotating filter 410 to rotate at constant rotation speed. Then, from the light source unit 400, the illumination
light IL that transmitted through the optical filters 415, 416, 417 and 418 are sequentially supplied, and an image is
sequentially captured using each of the illumination light IL (S1). Specifically, G digital image data G445 (x, y) captured
using the illumination light IL that transmitted through the optical filter 415, G digital image data G444 (X, y) captured
using the illumination light IL that transmitted through the optical filter 416, R digital image data R,47 (X, y) captured
using the illumination light IL that transmitted through the optical filter 417, and R digital image data R44g (X, y), G digital
image data G445 (X, y) and B digital image data B, 45 (X, y) captured using the illumination light IL that transmitted through
the optical filter (ultraviolet cut filter) 418 are stored in an internal memory 532 of the controller 530.

[0073] Then, the image processor unit 500 executes a pixel selection process S2 for selecting pixels to be targets of
the following analyzing processes (processes S3-S7) by using the R digital image data R,4g (X, y), G digital image data
G445 (X, ¥) and B digital image data B,4g (X, y) acquired in the process S1. Even if the oxygen saturations or blood flow
rates are calculated from color information of pixels corresponding to portions which do not contain blood or portions
which colors of tissues are dominantly influenced by substances other than hemoglobin, meaningful values cannot be
obtained and thus the values become mere noises. Calculating and providing such noises not only disturbs diagnosis
by the doctor but also causes a bad effect by applying useless load to the image processor unit 500 to deteriorate
processing speed. Therefore, the image generating process of the present embodiment is configured to select pixels
that are appropriate to the analyzing process (i.e., pixels to which the spectral property of hemoglobin is recorded) and
to execute the analyzing process to the selected pixels.

[0074] In the pixel selection process S2, only pixels which satisfy all the conditions expressed in expression (19),
expression (20) and expression (21) are selected as the targets of the analyzing process.

B, (x’ y)/Gm(x, y) a4 (19)
R, (x’ y)/Gm(x, )’) >a, e (20)
R418(x’y)/B418(-xay)>a3 ..... (21)

where a4, a, and a3 are positive constants.

[0075] The above three conditional expressions are set on the basis of a value size relation, G component < B
component < R component, in a transmission spectrum of blood. It is noted that the pixel selection process S2 may be
executed using one or two of the above three conditional expressions (e.g., using Expression 12 and Expression 13 by
focusing on a red color that is specific to blood).

[0076] Then, the image processor unit 500 executes the standardization process. The standardization process of the
present embodiment includes a first standardization process S3 for correcting properties of the endoscope device 1
itself (e.g., transmittances of the optical filters and light receiving sensitivities of the image pick-up devices) and a second
standardization process S4 for correcting reflectivity variations due to differences in surface states of the biological tissue
T being an object and due to angles of incidence of the illumination light to the biological tissue T.

[0077] In the standardization process, the image processor unit 500 calculates a standardized reflectivity SR4¢5 (X, Y)
using the following expression (22) by using the G digital image data G445 (x, y) taken using the illumination light IL that
transmitted through the optical filter 415, the R digital image data R4¢7 (X, y) taken using the illumination light IL that
transmitted through the optical filter 417, and the baseline image data BL445 (X, y) and BL,¢7 (X, y). It is noted that a
component that is dependent on the properties of the endoscope device 1 (instrumental function) is removed by dividing
each of the digital image data G445 (X, y) and R4q7 (X, y) by the respective baseline image data BL445 (X, y) and BL447
(first standardization process S3). Also, the reflectivity variations due to differences in surface states of the biological
tissue T and angles of incidence of the illumination light to the biological tissue T is corrected by dividing the G digital
image data G445 (X, y) by the R digital image data R,¢; (X, y) (second standardization process S4).
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Gy (x’ J’)
BL ,
SR s (x’ J’) = R (x ){ w0y (22)
AL417 (x,y)

[0078] Similarly, a standardized reflectivity SR444 (X, y) is calculated using the following expression (23).

Gm(x,%L .
X,
R e A

417\ K>
ALAW(X,)/)

[0079] Absorbances Ayq5 (X, y) and Ayqg (X, y) of the biological tissue T with respect to the illumination light IL that
transmitted through the optical filters 415 and 416 are calculated using the following expressions (24) and (25) (S5).

Ays (x’ J’) == log[SR415 (x, J’)] """ (24)

Ay (x’ J’) = _1Og[SR416 (x, )’)] """ (25)

[0080] Itis noted that the absorbances A445 (X, y) and A4 (X, y) can be approximately calculated using the following
expressions (26) and (27).

Ays (x, )’) =—SR,; (x’ J’) “““ (26)

Ay (x, y): —SR,6 (x’ J’) """ (27)

[0081] Furthermore, the spectral analysis can be executed simply by eliminating the above mentioned standardization
processes (S3, S4). In this case, the absorbances A5 (x, y) and A44¢ (X, y) are calculated using the following expressions
(28) and (29).

Ays (an’): _logGms(x’)’) “““ (28)

Ay (an’): —logG, (x,y) “““ (29)

[0082] Also, inthis case, the absorbances A4 45 (X, y) and A44¢ (X, y) can be approximately calculated using the following
expressions (30) and (31), respectively.

Ay (x,y): G5 (x’)’) “““ (30)

Ay (x, y): G (x’)’) “““ (31)

[0083] Furthermore, as is obvious from the relationships between the absorption wavelength ranges R1, R2 and R3
of hemoglobin and the transmission wavelength ranges of the optical filters 415 and 416 shown in Fig. 1, absorbances
Arq (X, y), Aro (X, y) and Ars (x, y) of the biological tissue T with respect to the wavelength ranges R1, R2 and R3 and
the absorbances A445 (X, y) and A44¢ (X, y) of the biological tissue T with respect to the illumination light IL that transmitted
through the optical filters 415 and 416 have relationships expressed in the following expressions (32) and (33).
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Ay (x, y)+AR3(x’y): Ay (x, y)_kA416 (x’ y) """ (32)

Ag, (x,y)= kA, (x’ y) """ (33)

[0084] Therefore, the index X (expression (18)) is expressed by the following expression (34).

(x y) [ Rl('x y)+AR3('x y)] ARz( )
[A415(x y) 416('x’y)]_kA416('x’y)

Ay (x, y)—2kA416 (x’ J’) “““ (34)

-

[0085] Here, k is a constant (correction coefficient). Since the width of the transmission wavelength ranges of the
optical filters 415 and 416 differ significantly, the light amounts that transmit through the two filters also differ significantly.
Therefore, as mentioned above, the dimmer filter 419 is provided over the optical filter 415, which has a large transmitting
light amount, to control the light amount so that a proper exposure can be obtained with the same exposure time even
if the optical filter is switched. As a result, a quantitative relationship between the absorbance A445 (X, y) acquired using
the optical filter 415 and the absorbance A44¢ (X, ¥) acquired using the optical filter 416 is broken. Also, the transmittances
of the optical filters 415 and 416 within the transmission wavelength ranges are not 100% and the optical filters 415 and
416 have transmission losses that vary depending thereon. Furthermore, there are errors in the transmission wavelength
ranges of the optical filters 415 and 416. Therefore, even if the dimmer filter 419 is not used, the quantitative relationship
between the absorbance A,45 (X, y) and the absorbance A,4¢ (X, y) includes a constant error. The correction coefficient
k is a constant for correcting the error of the quantitative relationship between the absorbance A4q5 (X, y) and the
absorbance A6 (X, ¥). A method for acquiring the correction coefficient k will be described later. It is noted that, in case
this correction is not executed, the correction coefficient is set at 1.

[0086] Further, the following expression (35) can be obtained by arranging the expression (34) using expressions (24)
and (25).

X(x,y)= _IOg[SRzus (x’ J’)] +2k 10g[SR416 (x’ J’)]

G415 (x’ )y G416 (x’ )y

BL, s (x,y) BL,;(x,y)
R, (x’ Jy R, (x’ )7

BL,; (x,y) BL,;(x,y)

= _{[log G5 (x’ y)_ log BL,,5 (x’ y)] - [log R, (x’ y)_ log BL,,, (x, y)]}

=—log + 2k log

+2k {[log G (x’ y)_ log BL ¢ (x’ y)] - [log R, (x’ y)_ log BL,), (x, y)]}
= —[log Gy (x’ J’) —log BL,,5 (x’ J’)] + 2k[10g G (x’ J’) —log BL ¢ (x’ J’)]
+ (1—2k)[10gR417 (x,y)—logBLm (x, y)] """ (35)

[0087] Therefore, the value of index X can be calculated from the G digital image data G445 (X, y) and G446 (X, ¥), R
digital image data R417 (x, y), and the baseline image data BL445 (X, y), BL44g (X, ¥) and BlLy47 (X, y) by using the
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expression (35) (S6).
[0088] Further, the index X can also be approximately calculated using the following expression (36).

X(x, J’) = _10g[SR415 (x’ J’)] +2k log[SR416 (x’ J’)] = —SR,; (x’ J’)+ 2kSR (x’ )’) “““ (36)

[0089] A value listindicating the quantitative relationship between the oxygen saturation and the index X experimentally
acquired in advance is stored in a non-volatile memory 532 provided to the controller 530. The controller 530 refers to
this value list to acquire an oxygen saturation SatO, (x, y) which corresponds to a value of the index X calculated using
the expression (35) or (36). Then, the controller 530 generates image data (oxygen saturation distribution image data)
of which pixel value of each pixel (x, y) is a value obtained by multiplying the acquired oxygen saturation SatO, (x, y)
by a predetermined value (S7).

[0090] Also, the controller 530 generates normal observation image data from the R digital image data Ry4g (X, ¥), G
digital image data G444 (X, y) and B digital image data B,4g (x, y) acquired using the illumination light IL that transmitted
through the optical filter (ultraviolet cut filter) 418.

[0091] Fig. 7A and 7B show display examples of image data generated by the controller 530. Fig. 7A is a display
example of the oxygen saturation distribution image data (two-dimensional representation) generated in the above
described process S7. Fig. 7B is a display example of the oxygen saturation distribution image data (three-dimensional
representation) generated in a three-dimensional graph style having the vertical axis representing the oxygen saturation.
Each of Figs. 7A and 7B shows the observation image of the right hand in a state where the middle finger is pressed by
a rubber band in the vicinity of the proximal interphalangeal joint. It is understood that the oxygen saturation becomes
lower on the distal side of the right middle finger with respect to the pressed portion because the blood flow is obstructed
by the pressure.

[0092] Further, the controller 530 generates screen image data for arranging and displaying the normal observation
image and the oxygen saturation distribution image on a single screen from the generated oxygen saturation distribution
image data and normal observation image data, and stores the screen data in the video memory 540. It is noted that
the controller 530 can generate a variety of screen images such as a screen image that only displays the oxygen
saturation distribution image, a screen image that only displays the normal observation image, or a screen image on
which associated information such as patient’s ID information or observation condition is superimposed on the oxygen
saturation distribution image and/or the normal observation image in accordance with the user’s operations.

[0093] Next, a method for determining the correction coefficient k in the calibration mode will be described. In the
present embodiment, a theoretically calculated index X and a measured index X are compared, and the correction
coefficient k is determined such that the measured index X becomes closest to the theoretically calculated index X.
[0094] Figs. 6A and 6B show exemplary calibration curves used to determine the correction coefficient k in the em-
bodiment of the present invention. Fig. 6A is an example of a common calibration curve of which the horizontal axis is
the theoretical index X and the vertical axis is the measured index X acquired by the above explained analyzing process.
The filled circles are plots of the measured values, and the broken line Ma is a straight line fitted to the measured value
by a least-square method. Further, the solid line shows a reference line Ref representing plots in case measured values
equivalent to the theoretical values are obtained.

[0095] The measured index X is acquired by the analyzing process using a sample of a biological tissue of which the
oxygen saturation is known (e.g., blood). Further, the theoretical index X defined by the expression (34) is calculated
using transmission spectra of the optical filters 415 and 416 to be actually used and a reflection spectrum (or absorption
spectrum) of blood. Specifically, the theoretical index X is calculated using the expression (34) by using a value obtained
by multiplying the transmission spectrum of the optical filter 415 (optical filter 416) by the reflection spectrum of blood
and integrating the product as the absorbance A, 5 (absorbance A,4¢).

[0096] A discrepancy between the Reference line Ref and the measured value Ma is expressed as a gradient of the
calibration curve. A phenomenon of which sufficient sensitivity cannot be obtained, that is, a phenomenon of which the
gradient is small, is due to an inappropriate quantitative relationship between the absorbance A445 (X, y) and the ab-
sorbance A44¢ (X, y) in the expression (34), caused by the use of the dimmer filter 419. By selecting an appropriate value
as the correction coefficient k, an error caused by the dimmer filter 419 can be corrected, and thus a state in which an
error between the measured index X and the theoretical index X is minimized and the measured index X has the highest
correlational relationship with the theoretical index X can be achieved.

[0097] Fig. 6B is a variation of the calibration curve. In the calibration curve shown in Fig. 6B, the horizontal axis is
the oxygen saturation of a sample, and the vertical axis is the index X. The filled circles are plots of the measured values,
and the broken line Mb is a straight line fitted to the measured value by a least-square method. Further, the solid line
Rref shows the theoretically calculated values. Itis noted that the oxygen saturations of the sample are correctly measured
values acquired from an ideal spectrometry. Being a curve obtained by changing the horizontal scale of the calibration
curve shown in Fig. 6A, this calibration curve is substantially equivalent to the curve of Fig. 6A, but there is an advantage
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that a correct relationship with the oxygen saturation can be easily read.

[0098] It is noted that, although the above-explained method for determining the correction coefficient k using the
calibration curve is a method in which analysis results of a plurality of samples having different oxygen saturations are
used, the correction coefficient k can also be determined using an analysis result from only one sample.

[0099] Also, focusing on the absorption wavelength ranges R1, R2 and R3 of hemoglobin (i.e., the transmission
wavelength of the optical filter 415), the absorbances Ag; (X, ¥), Aro (X, ) and Ar3 (X, y) change in accordance with the
change in the oxygen saturation, but a sum Y of these absorbances (shown in the expression (37)) is substantially
constant. Furthermore, since the sum Y of the absorbances is in proportion to a total amount of hemoglobin (a sum of
oxyhemoglobin HbO, and deoxyhemoglobin Hb) in a biological tissue, it is reasonable to use the sum Y as an index for
the total amount of hemoglobin.

Y(x’y): A (x’ y)+AR2(x’y)+AR3(x’ y): Ays (37)

[0100] Itis known that, in a tissue of a malignant tumor, the total amount of hemoglobin is greater than that of a healthy
tissue due to angiogenesis and the oxygen saturation is lower than that of a healthy tissue due to notable oxygen
metabolism. Therefore, the controller 530 can extract pixels of which the index Y, calculated using the expression (37)
and indicating the total amount of hemoglobin, is greater than a predetermined reference value (first reference value)
andthe index X, calculated using the expression (34) and indicating the oxygen saturation, is smaller than a predetermined
reference value (second reference value); generate, for example, lesion region highlighting image data in which high-
lighting process is executed to pixels corresponding to the extracted pixels in the normal observation image data; and
display the lesion region highlighting image along with the normal observation image and/or the oxygen saturation
distribution image (or alone) on the monitor 300.

[0101] Exemplary highlighting process includes a process forincreasing pixel values of corresponding pixels, a process
for changing color phases (for example, a process for increasing the R component to change to a reddish color or a
process for rotating the color phase for a predetermined angle), and a process for making the corresponding pixels blink
(or periodically changing the color phase).

[0102] Further, for example, the controller 530 may be configured to calculate an index Z (x, y) indicating a probability
of being a malignant tumor on the basis of a deviation from an average of the index X (x, y) and a deviation from an
average of the index y (X, y), and to generate image data with the index Z as pixel values (malign probability image data)
instead of the lesion region highlighting image data.

Variation 1

[0103] Hereafter, a variation 1 of the above described embodiment of the invention is described. In the above described
embodiment, as expressed in the expression 18, the index X is calculated by adding together the absorbances Ary, Ago
and Ag; at the wavelength ranges R1, R2 and R3 while not weighting the absorbances Ag4, Az, and Ag although signs
thereof are adjusted such that increase or decrease in the respective wavelength ranges match with each other. By
contrast, according to the variation 1, by weighting the absorbances Ag,, Ag, and Ar; at the respective wavelength
ranges when the index X is calculated, sensitivity of the index X with respect to change of the oxygen saturation is
enhanced.

[0104] Asshown in Fig. 1, in the wavelength range R2, the fluctuation range of absorbance with respect to the oxygen
saturation is larger than that in the fluctuation ranges R1 and R2. Therefore, by increasing the weight applied to the
absorbance Ag, at the wavelength range R2, the sensitivity of the index X with respect to the oxygen saturation can be
enhanced.

[0105] Specifically, the index X is calculated according to the following expression (38) while applying the two-fold
weight to the absorbance Ag..
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X(x,y): [ARl(x’y)+AR3(x’y)]_2XARZ(x’y)

= [A415 (x’ y) — kA (x’ y)] —2kA (x’ y)

=Ays (x’ J’) —3kA ¢ (x’ J’)

= _log[SR415 (x’ y)] +3k 10g[SR416 (x’ y)]

Gs (x’ %L ( ) G (x’ %L ( )

- 415\ Y 3%1 416 (X Y
8 Re (x.y) T R ()

BL417 (x’ y) BL417 (x’ y)

= _{[log G5 (x’ y)_ log BL,,5 (x’ y)] - [log R, (x’ y)_ log BL,,, (x, y)]}

+3k {[log G (x’ y)_ log BL ¢ (x’ y)] - [log R, (x’ y) —log BL,,, (x, y)]}
= —[log G5 (x’ J’) —log BL,; (x’ J’)] +3k [log G (x’ y)_ log BL,, (x’ y)]

+ (1_3k)[10gR417 (x’ y)_log BL,, (x, y)] """ (38)

[0106] The index X may be calculated approximately by the following expression (39).

X(x, J’) = _10g[SR415 (x’ J’)] +3k log[SR416 (x’ J’)] =—SR,5 (x’ J’)+ 3kSR 16 (x’ )’) """ (39)

[0107] In the above described variation 1, the 2-fold weighting is applied to the absorbance Agr, with respect to the
absorbances Ag, and Ars; however, the weighting value may be changed appropriately to a different value (e.g., 1.5-
fold or 2.4-fold) such that suitable sensitivity or a noise amount is attained. By generalizing the expression 38 such that
the weights of the absorbances Ag; and Agr; are w1 and the weight of the absorbance Ag, is w2, the index X can be
expressed by the following expression (40).

X(x, y): wlx [ARl('x’ y)+AR3(x’y)]_ W2XAR2(X’ y)
=wl- [A415(x, J’)_ kA416('x’ J’)]_ w2-k 'A416(xa J’)
= wl- Ays(x, y)— k- (wl+w2) - A, (x, )
= —wl-10g[SR, . (x, y)]+ k - (w1 + w2)-log[SR, . (x,¥)] - (40)

[0108] The index X may be obtained approximately by the following expression (41).

X(x, y) = -—wl- SR, (x, y)+ k- (wl + w2)- SR, (x, y) ..... (41)
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Variation 2

[0109] Hereafter, a variation 2 of the above described embodiment is described. In the above described embodiment,
the index X is calculated by the difference between the sum of the absorbances Ag4 and Agrs at the wavelength ranges
R1 and R3 where the absorbance increases with the oxygen saturation, and the absorbance Ag, at the wavelength
range R2 where the absorbance decreases with the oxygen saturation. By contrast, according to the variation 2, the
index Xis calculated by the ratio between the absorbance Ag, and the sum of the absorbances Az, and Ags. Specifically,
the index X is calculated by the following expression (42).

Ag, (x’ )’)+ Ags (x’ y)
Ago(,)
Ays (x’ J’)_ kA 16 (x’ y)
kA, 6 (x, y)
_ A415(x’y) _1
kA, 6 (x, y)
_ log[SR,; (x, y)] S T (42)
klog[SR, 4 (x, y)]

[0110] The index X may be obtained approximately by the following expression (43).

X(x,y)=

SRy (x, )
X , ~ ) I et 1T 43
(x y) kSR, (x’ J’) )

[0111] The index X may be calculated by applying the weight w1 to the sum of the absorbances (Ag4+Agr3) of the
wavelength ranges R1 and R3 having the positive correlation with the oxygen saturation and applying the weight w2 to
the absorbance Agr, of the wavelength range R2 having negative correlation with the oxygen saturation by the following
expression (44) or (45).

_il‘ log[SR415(x’ y)] 1 44
w2 {klog[SRzm (x’ y)] : e

[ARl (x’ )’)"' Ags (x’ y)]w1
[ARZ (x, y)]w2
_ [A415 (x’ y)_ kA6 (x’ y)]w1
[kA416 (x’ y)]w2
{_ log[SR415 (x’ )’)] +k log[SRm (x’ )’)]}M

= e (45)
[kA416 (x, )’)]

X(x,y)=
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[0112] The absorbances Ag4 and Ags at the wavelength ranges R1 and R3 are in proportion to the concentration of
oxyhemoglobin (i.e., the oxygen saturation Dgat), and the absorbance Ag, at the wavelength range R2 is in proportion
to the concentration of deoxyhemoglobin (i.e., 1 - Dgpat). Therefore, from the first line of the expression 42, the following
expression (46) is obtained.

. ARl(-x,y)+AR3(-x’y)oc DSat('x’y) .....
X(x,y)= A (ey) 1-D,.(x.y) 40

[0113] Therefore, the index X calculated by the expression 46 becomes an index having suitable sensitivity to the
oxygen saturation since the index X increases exponentially with increase of the oxygen saturation.

Variation 3

[0114] Hereafter, a variation 3 of the above described embodiment is described. In the above described embodiment,
the dividing process is executed, in the second standardization process S4, using the R digital image data R447(x, y)
captured using the illumination light IL in the band of 650nm which has passed through the optical filter 417. However,
the invention is not limited to such a configuration. For example, in the second standardization process S4, the dividing
process may be executed by a sum of R, G and B digital image data captured using the illumination light IL which has
passed through the optical filter 418 (or a dimmer filter or a transparent window without wavelength dependency).

[0115] Inthis case, the standardized reflectivity SR445 (X, y) and SR44¢ (X, y) are calculated by the following expressions

(47) and (48), respectively.
G5, y)/
BL,5(x, y)

SR V)=— £ sy 47
- (x y) R, (x, y) n G418('x’y) n B, (x’ y) “n
BLgys (x,y)  BLgyg(x,y)  BlLg,s(x,y)
G (x’ %L
SR 16 (X, )’) = w6 (48)

R, (x’ y) " G, (x’ y) " B, (x’ y)
BLys(x,y)  Blgg(x,y)  BLg(x,y)

[0116] Here, the baseline image data BLr4¢g (X, ¥), BLgs1g (X, ¥) and BlLgs4g (X, y¥) are R digital image data Ry¢5 (X,
y), G digital image data G445 (X, y) and B digital image data B44g (X, y) obtained by capturing the color reference board
under illumination by the illumination light IL which has passed through the optical filter 418.

[0117] The foregoing is the explanation about specific configurations according to the embodiment of the invention;
however, the present invention is not limited to the above described configuration and can be varied in various ways
within the scope of the invention.

[0118] In the above described embodiment, the oxygen saturation is obtained from the value list based on the index
X, and the pixel values of the oxygen saturation distribution image are calculated by further multiplying the oxygen
saturation by a predetermined value. However, the present invention is not limited to such a configuration. Since the
index X is monotonously increase with the oxygen saturation, the values of the index X (or values of the index X multiplied
by a predetermined value) may be used as the pixel values of the oxygen saturation distribution image without change.
[0119] In the above described embodiment, it is explained that the image pick-up device 141 is an image pick-up
device having an R, G and B primary color filter for picking up a color image; however, the present invention is not limited
to such a configuration. For example, an image pick-up device having a complementary color filter of Y, Cy, Mg and G
may be used as the image pick-up device 141.

[0120] In the above described embodiment, it is explained that the image pick-up device 141 is an image pick-up
device having the on-chip color filter 141a for picking up a color image; however, the present invention is not limited to
such a configuration. For example, the endoscope device may use an image pick-up device for picking up a monochrome
image and may be provided with a so-called field sequential type color filter. Furthermore, the color filter 141a is not
limited to the on-chip type, but may be disposed in an optical path from the light source 430 to the image pick-up device 141.
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[0121] Inthe above described embodiment, the rotating filter 410 is used; however, the present invention is not limited
to such a configuration. Another type of variable wavelength filter capable of switching transmission wavelength bands
may be used.

[0122] In the above described embodiment, the rotating filter 410 is provided on the light source side, and filtering is
performed for the illumination light IL; however, the present invention is not limited to such a configuration. The endoscope
device may be configured such that the rotating filter 410 is disposed on the image pick-up device side (e.g., in a space
between the objective optical system 121 and the image pick-up device 131), and filtering is performed for the returning
light from the object.

[0123] In the above described embodiment, capturing is performed at predetermined time intervals while rotating the
rotating filter 410 at a constant rotation number; however, the present invention is not limited to such a configuration.
For example, the rotational position of the rotating filter 410 may be changed step by step at predetermined time intervals,
and capturing may be performed when the rotating filter 410 is in a stationary state.

[0124] In the above described embodiment, the white light source, such as a Xenon lamp, is used as a light source
for emitting wide bang light for illumination. However, a light source for emitting non-white wide band light having a
sufficient amount of light over the entire transmission band of used optical filters may be employed.

[0125] For example, primary color light sources respectively emitting light having wavelengths of R, G and B may be
provided, and light obtained by combining light of each of the primary color light sources may be used as the white light
WL. In this case, a narrow band light source, such as a laser, may be used excepting the G primary color light source.
As the G color light source, a light source emitting wide band light having a sufficient light amount at least in the entire
of the first illumination light band (the wavelength range RO in Fig. 1) is used.

[0126] In the above described embodiment, the transmission wavelength band RO (the first illumination wavelength
band) of the optical filter 415 includes the three peak wavelengths of the absorption peaks P1, P2 and P3. However,
the first illumination wavelength band may include only two absorption peaks adjacent to each other (specifically, the
absorption peaks P1 and P2 or the absorption peaks P2 and P3).

[0127] In the above described embodiment, the transmission type optical filter is used; however, a reflection type
optical filter which reflects light in a transmission band may be used.

[0128] In the above described embodiment, the present invention is applied to an endoscope device which is an
example of a device functioning as a digital camera. However, the present invention may be applied to a system having
another type of digital camera (e.g., a single reflex digital camera or a digital video camera). For example, by applying
the invention to a digital still camera, observation for a body surface tissue or observation for a brain tissue during
craniotomy procedure can be performed.

Claims
1.  An endoscope device (1), comprising:

a light source device (400);

an image pick-up device (141) that generates image data by capturing a biological tissue (T) illuminated with
light emitted by the light source device (400); and

an index calculation unit (500) configured to calculate an index X representing a molar ratio between a first
biological substance and a second biological substance contained in the biological tissue (T) based on the
image data,

wherein:

the light source device (400) switches between light of a first illumination wavelength range which the first
biological substance and the second biological substance absorb and light of a second illumination wave-
length range; and

the index calculation unit (500) is configured to calculate the index X based on first image data G, obtained
by capturing the biological tissue (T) under illumination of the light of the first illumination wavelength range
and second image data G, obtained by capturing the biological tissue under illumination of the light of the
second illumination wavelength range,

the second wavelength range lies within the first wavelength range,

the first illumination wavelength range is sandwiched by isosbestic points (E1, E4);

wherein the light source device (400) comprises:

a light source (430) that emits wide band light;
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a first optical filter (415) that selectively extracts the light of the first illumination wavelength range from the
wide band light; and

a second optical filter (416) that selectively extracts the light of the second illumination wavelength range
from the wide band light;

wherein the index calculation unit (500) operates to:

calculate an absorption A4 of the biological tissue (T) in the first illumination wavelength range based on
the first image data G ;

calculate an absorption A, of the biological tissue in the second illumination wavelength range based on
the second image data G,; and

calculate the index X based on the absorption A; and the absorption A,;

characterised in that the index calculation unit (500) is further adapted to operate to calculate the index X by
a following expression (6):

X =4, -3kd, e (6)

where k is a constant number;
orwherein the index calculation unit (500) is adapted to operate to calculate the index X by a following expression

(7):

X=wl-A —k-(Wl+w2)-4, (7)

where k, w1 and w2 are constant numbers; or wherein the index calculation unit (500) is adapted to operate to
calculate the index X by a following expression (8):

ol (4
w2 |\ k4,

where k, w1 and w2 are constant numbers; or wherein the index calculation unit (500) is adapted to operate to
calculate the index X by a following expression (9):

)
BNCAE v

where k, w1 and w2 are constant numbers.

The endoscope device (1) according to claim 1,
wherein:

the first illumination wavelength range includes both of an absorption peak wavelength of the first biological
substance and an absorption peak wavelength of the second biological substance; and

the second illumination wavelength range includes an absorption peak wavelength of one of the first biological
substance and the second biological substance.

The endoscope device (1) according to claim 2,
wherein the first illumination wavelength range includes:

a shorter wavelength side range which is situated to adjoin a shorter wavelength side edge of the second
illumination wavelength range and includes an absorption peak of the other of the first biological substance and
the second biological substance; and
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a longer wavelength side range which is situated to adjoin a longer wavelength side edge of the second illumi-
nation wavelength range and includes an absorption peak of the other of the first biological substance and the
second biological substance.

4. The endoscope device (1) according to any of claims 1 to 3,

wherein the index calculation unit (500) is adapted to operate to calculate the absorption A; by one of following
expressions (1) and (2):

4, =-log G, (1)

4, = -G, = (2),

wherein the index calculation unit (500) is adapted to operate to calculate the absorption A, by one of following
expressions (3) and (4):

A, =—logG, (3)

The endoscope device (1) according to any of claims 1 to 4,

wherein the constant number k is determined such that a value of the index X calculated based on the first image
data G, and the second image data G, obtained by capturing a biological tissue (T) whose molar ratio is known
becomes closest to a theoretical value of the index X.

The endoscope device (1) according to claim 5,

wherein, by obtaining measurement values of the indexes X of a plurality of different biological tissues whose molar
ratios are known, the constant number k is determined such that a calibration curve representing a relationship
between the known molar ratios and the measurement values of the indexes becomes closest to a reference line
representing a relationship between the known molar ratios and theoretical values of the indexes X.

The endoscope device (1) according to any of claims 1 to 6, wherein the constant number k is 1.

The endoscope device (1) according to any of claims 1to 7,
wherein:

the light source device (400) comprises a third optical filter (417) that selectively extracts, from the wide band
light, light of a third illumination wavelength range in which a degree of absorption by the biological tissue (T)
is sufficiently lower than that in the first illumination wavelength range;

the image pick-up device (141) is adapted to generate third image data Rj by capturing the biological tissue
(T) under illumination of the light of the third illumination wavelength range;

the index calculation unit (500) is configured to calculate a first standardized reflectivity SR, by dividing the first
image data G, by the third image data R and to calculate the absorption A, by one of following expressions
(10) and (11):

4 =-logSR, e (10)

A =-SR, (11);

and
the index calculation unit (500) is configured to calculate a second standardized reflectivity SR, by dividing the
second image data G, by the third image data R and to calculate the absorption A, by one of following
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expressions (12) and (13):
A4, =—logSR, - (12)

A, =-SR, - (13).

9. The endoscope device (1) according to claim 8,
wherein:

the image pick-up device (141) is adapted to obtain first baseline image data BL, by capturing a colorless
reference board under illumination of the light of the first illumination wavelength range, second baseline image
data BL, by capturing the colorless reference board under illumination of the light of the second illumination
wavelength range, and third baseline image data BL5 by capturing the colorless reference board under illumi-
nation of the light of the third illumination wavelength range; and

the index calculation unit (500) is configured to calculate the first standardized reflectivity SR by a following
expression (14), and calculates the second standardized reflectivity SR, by a following expression (15):

G,
_ /BL,
SR, = R (14)
BL,
G,
BL
SR, = L7 (15).

R 3
BL,

10. The endoscope device (1) according to claim 8 or 9,
wherein:

the image pick-up device (141) is a color image pick-up device having an RGB color filter (141a);

the third illumination wavelength range is a red color wavelength range; and

the third image data R5 is image data obtained by a light-receiving element of the image pick-up device (141)
to which an R filter of the RGB color filter (141a) is attached.

11. The endoscope device (1) according to claim 8,
wherein:

the image pick-up device (141) is a color image pick-up device having an RGB color filter (141a);

the image pick-up device (141) is adapted to obtain first baseline image data BL, by capturing a colorless
reference board under illumination of the light of the first illumination wavelength band, second baseline image
data BL, by capturing the colorless reference board under illumination of the light of the second illumination
wavelength band, third baseline image data BLsg, BL3g and BLgg of three primary colors by capturing the
colorless reference board under illumination of the wide band light, and normal observation image data Ry, Gy
and By of three primary colors by capturing the biological tissue (T) under illumination of the wide band light; and
the index calculation unit (500) is configured to calculate the first standardized reflectivity SR, by a following
expression (16), and to calculate the second standardized reflectivity SR, by a following expression (17):
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G,
BL,

BL.,, BL,, BL,,

12. The endoscope device (1) according to any of claims 1 to 11, further comprising a light reduction unit configured to

13.

14.

15.

16.

reduce the light of the first illumination wavelength range such that exposure to obtain the first image data G,
becomes substantially equal to exposure to obtain the second image data G,.

The endoscope device (1) according to any of claims 1 to 12, wherein the first biological substance is oxyhemoglobin,
the second biological substance is deoxyhemoglobin, and the molar ratio is oxygen saturation.

The endoscope device (1) according to claim 13,
wherein:

absorption by the first biological substance and the second biological substance corresponds to a Q-band of
hemoglobin;

the image pick-up device (141) has an RGB color filter (141a); and

the first image data G, and the second image data G, are image data obtained by a light-receiving element of
the image pick-up device to which a G filter of the RGB color filter (141) is attached.

The endoscope device (1) according to any of claims 1 to 14,

wherein the index calculation unit (500) is configured to generate a distribution image representing distribution of
the molar ratio between the first biological substance and the second biological substance in the biological tissue
based on the index X.

The endoscope device (1) according to any of claims 1 to 11,
wherein:

the wide band light is white light;

the image pick-up device (141) is adapted to normal image data by capturing the biological tissue under illumi-
nation of the white light; and

the index calculation unit (500) is configured to:

calculate an index Y representing a total hemoglobin amount based on the first image data Gy;

extract, as a lesion portion, a pixel having the index Y larger than a first reference value and having the
index X smaller than a second reference value; and

generate a lesion region highlighting image in which the pixel corresponding to the lesion region of the
normal observation image data is highlighted.

17. The endoscope device (1) according to any of claims 1 to 16, further comprising an endoscope (100) having a tip

portion (111) in which the image pick-up device (141) is provided.

18. An analyzing method implemented on an endoscope device (1), comprising:

obtaining first image data G, by capturing a biological tissue (T) under illumination of light of a first illumination
wavelength range which afirst biological substance and a second biological substance contained in the biological
tissue (T) absorb;

obtaining second image data G, by capturing the biological tissue (T) under illumination of light of a second
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illumination wavelength range; and

calculating an index X representing a molar ratio between the first biological substance and the second biological
substance contained in the biological tissue (T) based on the firstimage data G, and the second image data G,
wherein the second wavelength range lies within the first wavelength range,

the first illumination wavelength range is sandwiched by isosbestic points (E1, E4), and

the analyzing method further comprises:

emitting wide band light;

selectively extracting the light of the first illumination wavelength range from the wide band light;
selectively extracting the light of the second illumination wavelength range from the wide band light;
calculating an absorption A, of the biological tissue (T) in the first illumination wavelength range based on
the first image data G, ;

calculating an absorption A, of the biological tissue in the second illumination wavelength range based on
the second image data G,;

calculating the index X based on the absorption A; and the absorption Ay;

characterised in that
the index X is calculated by a following expression (6):

X =4, -3kd, e (6)

where Kk is a constant number;
or the index X is calculated by a following expression (7):

X=wl-A —k-(Wl+w2)-4, (7)

where k, w1 and w2 are constant numbers;
or wherein the index X is calculated by a following expression (8):

X:Kl. i_l ..... (8)
w2 |\ k4,

where k, w1 and w2 are constant numbers;
or wherein the index X is calculated by a following expression (9):

)
BNCAE v

where k, w1 and w2 are constant numbers.

Patentanspriiche

1.

Endoskopvorrichtung (1), umfassend:

eine Lichtquellenvorrichtung (400);

eine Bildaufnahmevorrichtung (141), die Bilddaten durch Aufnehmen eines biologischen Gewebes (T) erzeugt,
das mit von der Lichtquellenvorrichtung (400) emittiertem Licht beleuchtet wird; und

eine Indexberechnungseinheit (500), die ausgebildet ist, um einen Index X, der ein Molverhaltnis zwischen
einer ersten biologischen Substanz und einer zweiten biologischen Substanz darstellt, die in dem biologischen
Gewebe (T) enthalten sind, basierend auf den Bilddaten zu berechnen,

wobei:
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die Lichtquellenvorrichtung (400) zwischen Licht eines ersten Beleuchtungswellenlangenbereichs, das die
erste biologische Substanz und die zweite biologische Substanz absorbieren, und Licht eines zweiten
Beleuchtungswellenldangenbereichs umschaltet; und

die Indexberechnungseinheit (500) ausgebildet ist, um den Index X basierend auf ersten Bilddaten G, die
durch Aufnehmen des biologischen Gewebes (T) unter Beleuchtung mit dem Licht des ersten Beleuch-
tungswellenlangenbereichs erhalten werden, und zweiten Bilddaten G,, die durch Aufnehmen des biolo-
gischen Gewebes unter Beleuchtung mit dem Licht des zweiten Beleuchtungswellenlangenbereichs erhal-
ten werden, zu berechnen,

der zweite Wellenlangenbereich innerhalb des ersten Wellenlangenbereichs liegt,

der erste Beleuchtungswellenlangenbereich zwischen isosbestischen Punkten (E1, E4) liegt;

wobei die Lichtquellenvorrichtung (400) umfasst:

eine Lichtquelle (430), die breitbandiges Licht emittiert;

ein erstes optisches Filter (415), das selektiv das Licht des ersten Beleuchtungswellenlangenbereichs aus
dem breitbandigen Licht extrahiert; und

ein zweites optisches Filter (416), das selektiv das Licht des zweiten Beleuchtungswellenlangenbereichs
aus dem breitbandigen Licht extrahiert;

wobei die Indexberechnungseinheit (500) arbeitet, um

eine Absorption A, des biologischen Gewebes (T) in dem ersten Beleuchtungswellenlangenbereich basierend
auf den ersten Bilddaten G, zu berechnen;

eine Absorption A, des biologischen Gewebes in dem zweiten Beleuchtungswellenlangenbereich basierend
auf den zweiten Bilddaten G, zu berechnen; und

den Index X basierend auf der Absorption A, und der Absorption A, zu berechnen;

dadurch gekennzeichnet, dass die Indexberechnungseinheit (500) ferner geeignet ist zu arbeiten, um den
Index X durch einen folgenden Ausdruck (6) zu berechnen:

X=4-3k4, .. (6)

wobei k eine konstante Zahl ist;
oder wobei die Indexberechnungseinheit (500) geeignet ist zu arbeiten, um den Index X durch einen folgenden
Ausdruck (7) zu berechnen:

X =wl- 4, —k»(wl+w2)u42 weeee (7)

wobei k, w1 und w2 konstante Zahlen sind;
oder wobei die Indexberechnungseinheit (500) geeignet ist zu arbeiten, um den Index X durch einen folgenden
Ausdruck (8) zu berechnen:

x=21|4

= -1
w2 \ k4,

e (8)

wobei k, w1 und w2 konstante Zahlen sind;
oder wobei die Indexberechnungseinheit (500) geeignet ist zu arbeiten, um den Index X durch einen folgenden
Ausdruck (9) zu berechnen:

(Az - kféz )M

x=0"%)
(k, )" oeee (9)

wobei k, w1 und w2 konstante Zahlen sind.
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Endoskopvorrichtung (1) nach Anspruch 1,
wobei:

der erste Beleuchtungswellenlangenbereich sowohl eine Absorptionspeakwellenlange der ersten biologischen
Substanz und eine Absorptionspeakwellenldnge der zweiten biologischen Substanz einschlielt; und

der zweite Beleuchtungswellenldngenbereich eine Absorptionspeakwellenlange der ersten biologischen Sub-
stanz oder der zweiten biologischen Substanz einschlief3t.

Endoskopvorrichtung (1) nach Anspruch 2,
wobei der erste Beleuchtungswellenlangenbereich einschlief3t:

einen Bereich kirzerer Wellenlangen, der so liegt, dass er an einen Rand kulrzerer Wellenldngen des zweiten
Beleuchtungswellenlangenbereichs angrenzt und ein Absorptionspeak der anderen Substanz aus erster bio-
logischer Substanz und zweiter biologischer Substanz einschlie3t; und

einen Bereich langerer Wellenlangen, der so liegt, dass er an einen Rand langerer Wellenldngen des zweiten
Beleuchtungswellenlangenbereichs angrenzt und ein Absorptionspeak der anderen Substanz aus erster bio-
logischer Substanz und zweiter biologischer Substanz einschlief3t.

Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 3,
wobei die Indexberechnungseinheit (500) geeignet ist zu arbeiten, um die Absorption A; durch einen der folgenden
Ausdricke (1) und (2) zu berechnen:

4, =~logG, e (1)

4,=-G, - (2),

wobei die Indexberechnungseinheit (500) geeignet ist zu arbeiten, um die Absorption A, durch einen der folgenden
Ausdricke (3) und (4) zu berechnen:

4, =-logG, e (3)

Az :—Gz (4)

Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 4,

wobei die konstante Zahl k derart bestimmt wird, dass ein Wert des Index X, der basierend auf den ersten Bilddaten
G, und den zweiten Bilddaten G, berechnet wird, die durch Aufnehmen eines biologischen Gewebes (T) erhalten
werden, dessen Molverhéltnis bekannt ist, einem theoretischen Wert des Index X am nachsten kommt.

Endoskopvorrichtung (1) nach Anspruch 5,

wobei durch Erhalten von Messwerten der Indizes X einer Vielzahl verschiedener biologischer Gewebe, deren
Molverhaltnisse bekannt sind, die konstante Zahl k derart bestimmt wird, dass eine Kalibrierungskurve, die eine
Beziehung zwischen den bekannten Molverhaltnissen und den Messwerten der Indizes darstellt, einer Bezugslinie,
die eine Beziehung zwischen den bekannten Molverhaltnissen und theoretischen Werten der Indizes X darstellt,
am nachsten kommt.

Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 6, wobei die konstante Zahl k 1 ist.
Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 7, wobei:
die Lichtquellenvorrichtung (400) ein drittes optisches Filter (417) umfasst, dass selektiv aus dem breitbandigen
Licht Licht eines dritten Beleuchtungswellenlangenbereichs extrahiert, in dem ein Grad der Absorption durch
das biologische Gewebe (T) ausreichend niedriger ist als der in dem ersten Lichtwellenldngenbereich;

die Bildaufnahmevorrichtung (141) geeignet ist, um dritte Bilddaten R5 durch Aufnehmen des biologischen
Gewebes (T) unter Beleuchtung mit Licht des dritten Beleuchtungswellenlangenbereichs zu erzeugen;
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die Indexberechnungseinheit (500) ausgebildet ist, um eine erste standardisierte Reflektivitat SR, durch Divi-
dieren der ersten Bilddaten G, durch die dritten Bilddaten R3 zu berechnen und die Absorption A durch einen
der folgenden Ausdrticke (10) und (11) zu berechnen:

A, =—log SR, -+ (10)

4, =-SR, e (12);

und

die Indexberechnungseinheit (500) ausgebildet ist, um eine zweite standardisierte Reflektivitdt SR, durch Di-
vidieren der zweiten Bilddaten G, durch die dritten Bilddaten R3 zu berechnen und die Absorption A, durch
einen der folgenden Ausdricke (12) und (13) zu berechnen:

ASZ = _lOgSR3 ‘‘‘‘ (12)

.....

9. Endoskopvorrichtung (1) nach Anspruch 8,
wobei:

die Bildaufnahmevorrichtung (141) geeignet ist, erste Basislinien-Bilddaten BL, durch Aufnehmen einer farb-
losen Referenztafel unter Beleuchtung mit Licht des ersten Beleuchtungswellenlangenbereichs zu erhalten,
zweite Basislinien-Bilddaten BL, durch Aufnehmen der farblosen Referenztafel unter Beleuchtung mit Licht des
zweiten Beleuchtungswellenldngenbereichs und dritte Basislinien-Bilddaten BL5 durch Aufnehmen der farblo-
sen Referenztafel unter Beleuchtung mit Licht des dritten Beleuchtungswellenldngenbereichs; und

die Indexberechnungseinheit (500) ausgebildet ist, die erste standardisierte Reflektivitat SR durch einen fol-
genden Ausdruck (14) zu berechnen, und die zweite standardisierte Reflektivitit SR, durch einen folgenden
Ausdruck (15) berechnet:

G /
/B,

10. Endoskopvorrichtung (1) nach Anspruch 8 oder 9,
wobei:

die Bildaufnahmevorrichtung (141) eine Farbbildaufnahmevorrichtung ist, die ein RGB-Farbfilter (141a) hat;
der dritte Beleuchtungswellenlangenbereich ein Wellenlangenbereich roter Farbe ist; und

die dritten Bilddaten R5 Bilddaten sind, die von einem lichtempfangenden Element der Bildaufnahmevorrichtung
(141) erhalten werden, an dem ein R-Filter des RGB-Farbfilters (141a) angebracht ist.

11. Endoskopvorrichtung (1) nach Anspruch 8,
wobei:
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12.

13.

14.

15.

16.

EP 3 023 050 B1

die Bildaufnahmevorrichtung (141) eine Farbbildaufnahmevorrichtung ist, die ein RGB-Farbfilter (141a) hat;
die Bildaufnahmevorrichtung (141) geeignet ist, erste Basislinien-Bilddaten BL, durch Aufnehmen einer farb-
losen Referenztafel unter Beleuchtung mit Licht des ersten Beleuchtungswellenldangenbandes zu erhalten,
zweite Basislinien-Bilddaten BL, durch Aufnehmen der farblosen Referenztafel unter Beleuchtung mit Licht des
zweiten Beleuchtungswellenldngenbandes, dritte Basislinien-Bilddaten BL;g, BL;g und BLsg von drei Priméar-
farben durch Aufnehmen der farblosen Referenztafel unter Beleuchtung mit breitbandigem Licht und Normal-
beobachtungsbilddaten Ry, Gy und By von drei Priméarfarben durch Aufnehmen des biologischen Gewebes
(T) unter Beleuchtung mit breitbandigem Licht; und

die Indexberechnungseinheit (500) ausgebildet ist, um die erste standardisierte Reflektivitdt SRy durch einen
folgenden Ausdruck (16) zu berechnen und die zweite standardisierte Reflektivitdt SR, durch einen folgenden
Ausdruck (17) zu berechnen:

Gl (fj
/ BLI
R, . Gy , B,

Moy +
BLE‘R BL3G B‘L:‘XB

Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 11, ferner umfassend eine Lichtreduzierungseinheit, die
ausgebildet ist, das Licht des ersten Beleuchtungswellenlangenbereichs derart zu reduzieren, dass die Belichtung
zum Erhalten der ersten Bilddaten G, im Wesentlichen gleich der Belichtung zum Erhalten der zweiten Bilddaten
G, wird.

Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 12, wobei die erste biologische Substanz Oxyhamoglobin,
die zweite biologische Substanz Deoxyhamoglobin und das Molverhaltnis Sauerstoffsattigung ist.

Endoskopvorrichtung (1) nach Anspruch 13,
wobei:

die Absorption durch die erste biologische Substanz und die zweite biologische Substanz einem Q-Band von
Hamoglobin entspricht;

die Bildaufnahmevorrichtung (141) ein RGB-Filter (141a) hat; und

die ersten Bilddaten G, und die zweiten Bilddaten G, Bilddaten sind, die durch ein lichtempfangendes Element
der Bildaufnahmevorrichtung erhalten werden, an dem ein G-Filter des RGB-Farbfilters (141) angebracht ist.

Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 14,

wobei die Indexberechnungseinheit (500) ausgebildet ist, um ein Verteilungsbild, das die Verteilung des Molver-
haltnisses zwischen der ersten biologischen Substanz und der zweiten biologischen Substanz in dem biologischen
Gewebe darstellt, basierend auf dem Index X zu erzeugen.

Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 11,
wobei:

das breitbandige Licht WeiRlicht ist;

die Bildaufnahmevorrichtung (141) geeignet ist, Normalbilddaten durch Aufnehmen des biologischen Gewebes
unter Beleuchtung mit WeiBlicht zu erhalten; und

die Indexberechnungseinheit (500) ausgebildet ist, um:

einen Index Y, der eine Gesamthamoglobinmenge darstellt, basierend auf den ersten Bilddaten G4 zu
berechnen;
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als Lasionsabschnitt ein Pixel zu extrahieren, das einen Index Y hat, der gréRer als ein erster Referenzwert
ist, und einen Index X, der kleiner als ein zweiter Referenzwert ist; und

ein Lasionsbereich-Hervorhebungsbild zu erzeugen, in dem das Pixel, das dem Lasionsbereich der Nor-
malbeobachtungsbilddaten entspricht, hervorgehoben ist.

17. Endoskopvorrichtung (1) nach einem der Anspriiche 1 bis 16, ferner umfassend ein Endoskop (100), das einen
Spitzenabschnitt (111) hat, in dem die Bildaufnahmevorrichtung (141) vorgesehen ist.

18. Analyseverfahren, das an einer Endoskopvorrichtung (1) implementiert wird, umfassend:
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Erhalten von ersten Bilddaten G, durch Aufnehmen eines biologischen Gewebes (T) unter Beleuchtung mit
Licht eines ersten Wellenlangenbereichs, den eine erste biologische Substanz und eine zweite biologische
Substanz, die in dem biologischen Gewebe (T) enthalten sind, absorbieren;

Erhalten von zweiten Bilddaten G, durch Aufnehmen des biologischen Gewebes (T) unter Beleuchtung mit
Licht eines zweiten Beleuchtungswellenldngenbereichs; und

Berechnen eines Index X, der ein Molverhaltnis zwischen der ersten biologischen Substanz und der zweiten
biologischen Substanz darstellt, die in dem biologischen Gewebe (T) enthalten sind, basierend auf den ersten
Bilddaten G, und den zweiten Bilddaten G;

wobei der zweite Wellenlangenbereich innerhalb des ersten Wellenlangenbereichs liegt,

der erste Beleuchtungswellenlangenbereich zwischen isosbestischen Punkten (E1, E4) angeordnet ist, und
das Analyseverfahren ferner umfasst:

Emittieren von breitbandigem Licht;

selektives Extrahieren des Lichts des ersten Beleuchtungswellenldngenbereichs aus dem breitbandigen
Licht;

selektives Extrahieren des Lichts des zweiten Beleuchtungswellenlangenbereichs aus dem breitbandigen
Licht;

Berechnen einer Absorption A des biologischen Gewebes (T) in dem ersten Beleuchtungswellenléangen-
bereich basierend auf den ersten Bilddaten G;

Berechnen einer Absorption A, des biologischen Gewebes in dem zweiten Beleuchtungswellenlangenbe-
reich basierend auf den zweiten Bilddaten G;

Berechnen des Index X basierend auf der Absorption A; und der Absorption A,;

dadurch gekennzeichnet, dass der Index X durch einen folgenden Ausdruck (6) berechnet wird:

X=4-3k4 ... (6)

wobei k eine konstante Zahl ist;
oder der Index X durch einen folgenden Ausdruck (7) berechnet wird:

X =wl-4 ﬂk-(w} +vc;2)~,»3[2 e (7)

wobei k, w1 und w2 konstante Zahlen sind;
oder wobei der Index X durch einen folgenden Ausdruck (8) berechnet wird:

wl | 4

" w2 |k,

veer (8)

wobei k, w1 und w2 konstante Zahlen sind;
oder wobei der Index X durch einen folgenden Ausdruck (9) berechnet wird:

X = (AI mkAE )M
(kd, )™ eeee (9)
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wobei k, w1 und w2 konstante Zahlen sind.

Revendications

1.

Dispositif endoscope (1) comprenant :

un dispositif source de lumiere (400) ; un dispositif de capture d'image (141) qui génére des données d’'image
en faisant une prise de vue d’un tissu biologique (T) éclairé par la lumiére émise par le dispositif source de
lumiére (400) ; et

une unité de calcul d’'indice (500) configurée pour calculer un indice X représentant un rapport molaire entre
une premiére substance biologique et une seconde substance biologique contenue dans le tissu biologique (T)
sur la base des données d’image,

dans lequel :

le dispositif source de lumiere (400) commute entre la lumiére d’'une premiére plage de longueurs d’'onde
d’éclairage que la premiére substance biologique etla seconde substance biologique absorbent etlalumiere
d’'une deuxieme plage de longueurs d’onde d’éclairage ; et I'unité de calcul d’indice (500) est configurée
pour calculer I'indice X sur la base de premiéres données d’'image G1 obtenues en faisant une prise de
vue du tissu biologique (T) sous éclairage de la lumiére de la premiére plage de longueurs d’'onde d’éclairage
et de deuxiemes données G2 obtenues en faisant une prise de vue du tissu biologique sous éclairage de
la lumiére de la deuxiéme plage de longueurs d’onde d’éclairage, la deuxieme plage de longueurs d’'onde
se situe a l'intérieur de la premiére plage de longueurs d’onde,

la premiére plage de longueurs d’'onde d’éclairage est prise en sandwich par des points isosbestiques (E1,
E4) ; dans lequel le dispositif source de lumiere (400) comprend :

une source de lumiére (430) qui émet une lumiére a large bande ;

un premier filtre optique (415) qui extrait sélectivement la lumiére de la premiére plage de longueurs
d’'onde d’éclairage de la lumiére a large bande ; et

un deuxieéme filtre optique (416) qui extrait sélectivement la lumiére de la deuxieme plage de longueurs
d’'onde d’éclairage de la lumiéere a large bande ;

dans lequel 'unité de calcul d’indice (500) fonctionne pour :

calculer une absorption A, du tissu biologique (T) dans la premiére plage de longueurs d’onde d’éclairage
sur la base des premieres données d'image G ;

calculer une absorption A, du tissu biologique dans la deuxiéme gamme de longueurs d’onde d’éclairage
sur la base des deuxiémes données d’'image G, ; et

calculer l'indice X sur la base de I'absorption A et de I'absorption Ay;

caractérisé en ce que 'unité de calcul d’indice (500) est en outre adaptée pour fonctionner pour calculer
l'indice X grace a I'expression (6) suivante :

X=A1-3kA> e {6)

ou k est un nombre constant ;
oudanslequell'unité de calcul d’indice (500) est adaptée pour fonctionner de maniére a calculerl'indice X grace a
I'expression (7) suivante :

X=wl. Ai—ke (wle+w2) « Az N

ou k, w1 et w2 sont des nombres constants ;
ou dans lequel 'unité de calcul d’indice (500) est adaptée pour fonctionner pour calculer l'indice X grace a
I'expression (8) suivante :
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oM (4
w2 | k4,
- (8)

ou k, w1 et w2 sont des nombres constants ;
ou dans lequel 'unité de calcul d’indice (500) est adaptée pour fonctionner pour calculer l'indice X grace a
I'expression (9) suivante :

_ (A k)"

X =3
(kd, )"

(9)
ou k, w1 et w2 sont des nombres constants.
Dispositif endoscope (1) selon la revendication 1, dans lequel :

la premiere gamme de longueurs d’'onde d’éclairage comprend a la fois une longueur d’'onde de pic d’absorption
de la premiére substance biologique et une longueur d’'onde de pic d’absorption de la seconde substance
biologique ; et

la deuxieme gamme de longueurs d’onde d’éclairage comprend une longueur d’onde de pic d’absorption de
'une de la premiére substance biologique et de la seconde substance biologique.

Dispositif endoscope (1) selon la revendication 2, dans lequel la premiére plage de longueurs d’onde d’éclairage
comprend :

une plage latérale de longueurs d’onde plus courte qui est située de maniére a étre adjacente a un bord latéral
de longueurs d’onde plus courte de la deuxieme plage de longueurs d’onde d’éclairage et comprend un pic
d’absorption de I'autre de la premiére substance biologique et de la seconde substance biologique ; et
une plage latérale de longueurs d’onde plus longue qui est située de maniére a étre adjacente a un bord latéral
de longueurs d’onde plus longue de la deuxiéme plage de longueurs d’'onde d’éclairage et qui comprend un
pic d’absorption de I'autre de la premiére substance biologique et de la seconde substance biologique.

Dispositif endoscope (1) selon 'une quelconque des revendications 1 a 3, dans lequel I'unité de calcul d’indice (500)
est adaptée pour fonctionner afin de calculer I'absorption A, grace a I'une des expressions (1) et (2) suivantes :

Ar=—log Gy TR

Ai=—0Gy (2),

dans lequel I'unité de calcul d’'indice (500) est adaptée pour fonctionner afin de calculer I'absorption A2 grace a
I'une des expressions (3) et (4) suivantes :

Ax="log Gz weee (3)

Ax="G2 e (4)

Dispositif endoscope (1) selon I'une quelconque des revendications 1 a 4,

dans lequel le nombre constant k est déterminé de telle sorte qu’une valeur de I'indice X calculée sur la base des
premiéres données d'image G, et des deuxiémes données d’'image G, obtenues en faisant une prise de vue d'un
tissu biologique (T) dont le rapport molaire est connu se rapproche d’une valeur théorique de l'indice X.

6. Dispositif endoscope (1) selon la revendication 5, dans lequel, en obtenant des valeurs de mesure des indices X
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d’'une pluralité de tissus biologiques différents dont les rapports molaires sont connus, le nombre constant k est
déterminé de telle sorte qu'une courbe d’étalonnage représentant une relation entre les rapports molaires connus
et les valeurs de mesure des indices se rapproche d'une ligne de référence représentant une relation entre les
rapports molaires connus et les valeurs théoriques des indices X.

7. Dispositif endoscope (1) selon 'une quelconque des revendications 1 a 6, dans lequel le nombre constant k est 1.

8. Dispositif endoscope (1) selon I'une quelconque des revendications 1 a 7,
dans lequel :

le dispositif source de lumiere (400) comprend un troisieme filtre optique (417) qui extrait sélectivement, de la
lumiére a large bande, la lumiére d’une troisieme plage de longueurs d’onde d’éclairage dans laquelle un degré
d’absorption par le tissu biologique (T) est suffisamment inférieur a celui dans la premiére plage de longueurs
d’'onde d’éclairage ;

le dispositif de capture d'image (141) est adapté pour générer des troisiemes données d'image R en faisant
une prise de vue du tissu biologique (T) sous éclairage de la lumiére de la troisieme plage de longueurs d’'onde
d’éclairage ; I'unité de calcul d’'indice (500) est configurée pour calculer une premiére réflectivité normalisée
SR, en divisant les premiéres données d'image G, par les troisiemes données d’'image R3 et pour calculer
I'absorption Ai grace a I'une des expressions (10) et (11) suivantes :

Ay=—log SR e (10)

Ay=—SR; e (11),

et

I'unité de calcul d’indice (500) est configurée pour calculer une seconde réflectivité normalisée SR2 en divisant
les deuxiémes données d’'image G2 par les troisiemes données d'image R3 et pour calculer I'absorption A2
grace a l'une des expressions (12) et (13) suivantes :

Ax=—log SR e (12)

A2=—5R; e (13)

9. Dispositif endoscope (1) selon la revendication 8, dans lequel :

le dispositif de capture d’image (141) est adapté pour obtenir des premiéres données d’'image de base BL, en
capturant une carte de référence incolore sous éclairage de la lumiére de la premiére plage de longueurs d’'onde
d’éclairage, des deuxiémes données d’'image de base BL, en capturant la carte de référence incolore sous
éclairage de lalumiére de la deuxieéme plage de longueurs d’'onde d’éclairage etdes troisiemes données d’'image
de base BLj en capturant la carte de référence incolore sous éclairage de la lumiére de la troisieme plage de
longueurs d’onde d’éclairage ; et

l'unité de calcul d’indice (500) est configurée pour calculer la premiére réflectivité normalisée SR, grace a
I'expression (14) suivante, et calculer la seconde réflectivité normalisée SR, grace aI'expression (15) suivante

oL

SR =g ——
3

/BL,

s (14)
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G,/

s .BLP;

. enZe ks I .
SR, =4~ (15)

3 !f
VBL,

E

10. Dispositif endoscope (1), selon la revendication 8 ou 9,

dans lequel :

le dispositif de capture d'image (141) est un dispositif de capture d'image couleur ayant un filtre couleur RVB
(141a);

la troisieme gamme de longueurs d’'onde d’éclairage est une gamme de longueurs d’onde de couleur rouge ; et
les troisiemes données d’image R sont des données d’'image obtenues par un élément récepteur de lumiére
du dispositif de capture d'image (141) auquel est fixé un filtre R du filtre couleur RVB (141a).

11. Dispositif endoscope (1) selon la revendication 8, dans lequel :

le dispositif de capture d'image (141) est un dispositif de capture d'image couleur ayant un filtre couleur RVB
(141a);

le dispositif de capture d’image (141) est adapté pour obtenir des premiéres données d’'image de base BL, en
capturant une carte de référence incolore sous éclairage de la lumiere de la premiére bande de longueurs
d’onde d’éclairage, des deuxiémes données d’image de base BL, en capturant la carte de référence incolore
sous éclairage de la lumiére de la deuxieme bande de longueurs d’onde d’éclairage, des troisiemes données
d’'image de base BLsg, BL;g et BL3g de trois couleurs primaires en capturant la carte de référence incolore
sous éclairage de la lumiere a large bande, et des données d’'image d’observation normales RN, GN et BN de
trois couleurs primaires en faisant une prise de vue du tissu biologique (T) sous éclairage de la lumiéere a large
bande ; et

l'unité de calcul d’indice (500) est configurée pour calculer la premiére réflectivité normalisée SRy grace a
I'expression suivante (16), et pour calculer la seconde réflectivité normalisée SR, grace a 'expression suivante
(17)

G,/

/ BL,
Ry . Gy . By
BL,, BL,, BL;

SR, = e (16)

Gg{/’f‘f

f'"l BL’!

SR, = it e (17),
Ry + Gy + By

BL,, BL,, BLy

12. Dispositif endoscope (1) selon 'une quelconque des revendications 1 a 11, comprenant en outre une unité de

13.

réduction de lumiere configurée pour réduire la lumiére de la premiere plage de longueurs d’onde d’éclairage de
telle sorte que I'exposition pour obtenir les premiéres données d'image G, devienne sensiblement égale a 'exposition
pour obtenir les deuxiémes données d’image G,.

Dispositif endoscope (1) selon 'une quelconque des revendications 1 a 12, dans lequel la premiére substance
biologique est 'oxyhémoglobine, la seconde substance biologique est la désoxyhémoglobine et le rapport molaire
est la saturation en oxygéne.

14. Dispositif endoscope (1) selon la revendication 13, dans lequel :

I'absorption par la premiére substance biologique et la seconde substance biologique correspond a une bande
Q d’hémoglobine ;
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le dispositif de capture d’image (141) comporte un filtre couleur RVB (141a) ; et

les premiéres données d’image G, et les deuxiémes données d'image G2 sont des données d’'image obtenues
par un élément récepteur de lumiére du dispositif de capture d'image auquel est fixé un filtre V du filtre couleur
RVB (141).

15. Dispositif endoscope (1) selon I'une quelconque des revendications 1 a 14,
dans lequel I'unité de calcul d’'indice (500) est configurée pour générer une image de répartition représentant la
répartition du rapport molaire entre la premiére substance biologique et la seconde substance biologique dans le
tissu biologique sur la base de l'indice X.

16. Dispositif endoscope (1) selon I'une quelconque des revendications 1 a 11,
dans lequel :
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la lumiére a large bande est une lumiere blanche ;
le dispositif de capture d'image (141) est adapté a des données d’image normales en faisant une prise de vue
du tissu biologique sous éclairage de la lumiéere blanche ; et I'unité de calcul d’indice (500) est configurée pour :

calculer un indice Y représentant une quantité totale d’hémoglobine sur la base des premiéres données
d'image Gy ;

extraire, en tant que partie de lésion, un pixel ayant I'indice Y supérieur a une premiere valeur de référence
et ayant I'indice X inférieur a une seconde valeur de référence ; et générer une image mettant en évidence
une région de lésion dans laquelle le pixel correspondant a la région de lésion des données normales de
'image d’observation est mis en évidence.

17. Dispositif endoscope (1) selon 'une quelconque des revendications 1 a 16, comprenant en outre un endoscope
(100) ayant une partie de pointe (111) dans laquelle le dispositif de capture d’image (141) est prévu.

18. Procédé d’analyse mis en ceuvre sur un dispositif endoscope (1), comprenant :

I'obtention de premiéres données d’image G, en faisant une prise de vue d’'un tissu biologique (T) sous éclairage
d’une lumiére d’'une premiére gamme de longueurs d’'onde d’éclairage qu'une premiére substance biologique
et une seconde substance biologique contenue dans le tissu biologique (T) absorbent ;

I'obtention de deuxiémes données d’'image G, en faisant une prise de vue du tissu biologique (T) sous éclairage
de lumiére d’'une deuxiéme gamme de longueurs d’onde d’éclairage ; et

le calcul d’'un indice X représentant un rapport molaire entre la premiére substance biologique et la deuxiéme
substance biologique contenue dans le tissu biologique (T) sur la base des premiéres données d’'image G, et
des deuxiémes données d’image G,

danslequella deuxiéme plage de longueurs d’'onde se situe aI'intérieur de la premiére plage de longueurs d’'onde,
la premiére plage de longueurs d’onde d’éclairage est prise en sandwich par des points isosbestiques (E1, E4),
et le procédé d’analyse comprend en outre : 'émission d’une lumiere a large bande ;

I'extraction sélective de la lumiere de la premiére plage de longueurs d’onde d’éclairage de la lumiére a large
bande ;

I'extraction sélective de la lumiere de la deuxieme plage de longueurs d’onde d’éclairage de la lumiéere a large
bande ;

le calcul d’'une absorption A4 du tissu biologique (T) dans la premiére plage de longueurs d’onde d’éclairage
sur la base des premiéres données d’image Gy ;

le calcul d’'une absorption A, du tissu biologique dans la deuxiéme plage de longueurs d’onde d’éclairage sur
la base des deuxiémes données d’'image G, ;

le calcul de l'indice X sur la base de 'absorption A, et de I'absorption A, ; caractérisé en ce que

l'indice X est calculé grace a I'expression (6) suivante

Xe=Ry-3khs (6)

ou k est un nombre constant ;
ou l'indice X est calculé grace a I'expression (7) suivante :
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X=wl.A:-k. (wl+w2). Az (7)

ou k, w1 et w2 sont des nombres constants ;
ou dans laquelle I'indice X est calculé grace a I'expression (8) suivante :

wl [ 4
X=—|L1
w2 \ kA, (8)
ou k, w1 et w2 sont des nombres constants ;
ou dans laquelle I'indice X est calculé grace a I'expression (9) suivante :
i ; wl
Ar o= (“il - MZ)
‘ —
(kd, )"
(9)

ou k, w1 et w2 sont des nombres constants.
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