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(54) Endoscope system, processor device thereof, and image processing method

(57) In an oxygen saturation level measurement
mode, a color image sensor (60) images an internal body
portion alternately irradiated with measurement light and
normal light. A normal image is produced from image
data obtained under irradiation with the normal light. An
oxygen saturation level is calculated from image data
obtained under irradiation with the measurement light.
Based on the oxygen saturation level, a hyperoxic region

(93a) and a hypoxic region (93b) are determined in the
normal image. A color balance process and a color en-
hancement process are applied to the hyperoxic region
(93a) to improve visibility of depressions and projections
of internal body tissue and a blood vessel pattern. A gain
process is applied to the hypoxic region (93b) to make
distinct color variations according to the degree of the
oxygen saturation level.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an endoscope
system that images an oxygen saturation level of blood,
a processor device of the endoscope system, and an
image processing method.

2. Description Related to the Prior Art

[0002] In a medical field, an endoscope system is wide-
ly used for diagnosis and treatment. The endoscope sys-
tem is constituted of a light source device, an endoscope
device, a processor device, a monitor device, and an
input device. In use of the endoscope system, an insert
section of the endoscope device is introduced into a pa-
tient’s body. An internal body portion is imaged by an
image sensor provided at a distal end portion of the insert
section, while being applied with illumination light from
the distal end portion. There is also known an endoscope
system that obtains various types of living body informa-
tion from an image captured with the use of specific nar-
row band light as the illumination light.
[0003] According to US Patent Application Publication
No. 2012/0157768 (corresponding to Japanese Patent
Laid-Open Publication No. 2012-139482), for example,
an endoscope system produces an oxygen saturation
image (special image), which images an oxygen satura-
tion level of blood, with the use of narrow band light having
a wavelength range in which oxyhemoglobin and deox-
yhemoglobin have different absorption coefficients as the
illumination light. In this oxygen saturation image, a
hyperoxic region having an oxygen saturation level of
60% or more is displayed with the same color as a normal
image, which is obtained under irradiation with white light.
A hypoxic region having an oxygen saturation level of
less than 60% is displayed with artificial colors in accord-
ance with the degree of the oxygen saturation level. Since
the hypoxic region being a lesion-suspected portion and
the hyperoxic region being a normal portion are colored
differently, it is possible to grasp the distribution of a le-
sion at first sight.
[0004] Furthermore, this oxygen saturation image can
indicate variations in the oxygen saturation level in the
hypoxic region by difference in color among the artificial
colors. On the other hand, the hyperoxic region is color-
fully displayed just as with the normal image, and hence
facilitates obtaining living body information useful for di-
agnosis, e.g. a blood vessel pattern and projections and
depressions of a mucosal surface. Therefore, for the pur-
pose of improving accuracy in diagnosis using the oxy-
gen saturation image, it is demanded to increase visibility
of living body tissue in the hyperoxic region and compre-
hensibility of the degree of the oxygen saturation level in
the hypoxic region.

SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide
an endoscope system that improves visibility of living
body tissue in a hyperoxic region and comprehensibility
of the degree of an oxygen saturation level in a hypoxic
region, a processor device of the endoscope system, and
an image processing method.
[0006] To achieve the above and other objects, an en-
doscope system according to the present invention in-
cludes a lighting means, an image information obtaining
means, a normal image producing means, an oxygen
saturation level calculating means, a region determining
means, and a region processing means. The lighting
means applies illumination light to an object. Broad band
light in a visible range and narrow band light having a
wavelength range in which oxyhemoglobin and deoxy-
hemoglobin have different absorption coefficients are
used as the illumination light. The image information ob-
taining means images the object under irradiation with
the broad band light to obtain first image information, and
images the object under irradiation with the narrow band
light to obtain second image information. The normal im-
age producing means produces a normal image having
a wavelength component of the broad band light based
on the first image information. The oxygen saturation lev-
el calculating means calculates an oxygen saturation lev-
el of blood based on the second image information. The
region determining means determines in the normal im-
age a hyperoxic region having the oxygen saturation level
of a predetermined value or more and a hypoxic region
having the oxygen saturation level of less than the pre-
determined value. The region processing means applies
different types of processes to the hyperoxic region and
the hypoxic region, and produces an oxygen saturation
image.
[0007] It is preferable that the endoscope system fur-
ther includes a monitor device for displaying the normal
image or the oxygen saturation image.
[0008] The region processing means preferably ap-
plies a color balance process to the hyperoxic region to
adjust color balance, and applies a gain process to the
hypoxic region to bring about color variations in the hy-
poxic region in accordance with difference in the oxygen
saturation level.
[0009] The color balance process may adjust white bal-
ance in the hyperoxic region by adjustment of a pixel
value of the hyperoxic region. The gain process may vary
color in the hypoxic region in accordance with a degree
of the oxygen saturation level by adjustment of the pixel
value of the hypoxic region.
[0010] The region processing means may apply a color
enhancement process to at least one of the hyperoxic
region and the hypoxic region.
[0011] The color enhancement process to be applied
to the hyperoxic region may be a red color enhancement
process for enhancing a red component.
[0012] The hypoxic region may be tinged with artificial
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colors different in accordance with the degree of the ox-
ygen saturation level, and the color enhancement proc-
ess to be applied to the hypoxic region is an artificial color
enhancement process for enhancing the artificial colors.
[0013] The image information obtaining means may in-
clude a color image sensor. The first image information
may include first blue image data, first green image data,
and first red image data. The color image sensor may
image the object under irradiation with first blue narrow
band light of 440 to 460 nm and fluorescence produced
by wavelength conversion of the first blue narrow band
light by a wavelength conversion element, and B pixels,
G pixels, and R pixels of the color image sensor may
produce the first blue, green, and red image data, re-
spectively. The second image information may include
second blue image data. The color image sensor may
image the object under irradiation with second blue nar-
row band light of 460 to 480 nm and fluorescence pro-
duced by wavelength conversion of the second blue nar-
row band light by the wavelength conversion element,
and the B pixels of the color image sensor may produce
the second blue image data.
[0014] The image information obtaining means may in-
clude a monochrome image sensor. The first image in-
formation may include first blue image data, first green
image data, and first red image data. The monochrome
image sensor may image the object sequentially irradi-
ated with blue light, green light, and red light to obtain
the first blue image data, the first green image data, and
the first red image data, respectively. The second image
information may include second blue image data. The
monochrome image sensor may image the object under
irradiation with blue light of 450 to 500 nm to obtain the
second blue image data.
[0015] The oxygen saturation level calculating means
may calculate the oxygen saturation level based on the
second blue image data, the first green image data, and
the first red image data.
[0016] A processor device of an endoscope system
according to the present invention includes a reception
means, an oxygen saturation level calculating means, a
region determining means, and a region processing
means. The reception means receives the first and sec-
ond image information. The normal image producing
means produces a normal image having a wavelength
component of the broad band light based on the first im-
age information. The oxygen saturation level calculating
means calculates an oxygen saturation level of blood
based on the second image information. The region de-
termining means determines in the normal image a
hyperoxic region having the oxygen saturation level of a
predetermined value or more and a hypoxic region hav-
ing the oxygen saturation level of less than the predeter-
mined value. The region processing means applies dif-
ferent types of processes to the hyperoxic region and the
hypoxic region, and produces an oxygen saturation im-
age.
[0017] An image processing method of an endoscope

system includes the steps of producing a normal image
having a wavelength component of broad band light
based on first image information; calculating an oxygen
saturation level of blood based on second image infor-
mation; determining in the normal image a hyperoxic re-
gion having an oxygen saturation level of a predeter-
mined value or more and a hypoxic region having the
oxygen saturation level of less than the predetermined
value; and applying different types of processes to the
hyperoxic region and the hypoxic region, and producing
an oxygen saturation image.
[0018] According to the present invention, since the
color balance process is applied to the hyperoxic region
of the normal image, the visibility of the hyperoxic region
e.g. projections and depressions of living body tissue is
improved. On the other hand, the hypoxic region is sub-
jected to the gain process in accordance with the oxygen
saturation level, instead of the color balance process.
Thus, the degree of the oxygen saturation level is repre-
sented by color in the hypoxic region. This allows grasp-
ing the degree of the oxygen saturation level at first sight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] For more complete understanding of the
present invention, and the advantage thereof, reference
is now made to the subsequent descriptions taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a schematic view of an endoscope system;
Fig. 2 is a block diagram of the endoscope system
according to a first embodiment;
Fig. 3A is a graph showing an emission spectrum of
normal light;
Fig. 3B shows graphs of emission spectra of meas-
urement light and the normal light;
Fig. 4A is a plan view showing a layout of B, G, and
R pixels in a color image sensor;
Fig 4B is a graph showing spectral transmittance of
B, G, and R color filters;
Fig. 5A is an explanatory view of the operation of the
image sensor in a normal mode in the first embodi-
ment;
Fig. 5B is an explanatory view of the operation of the
image sensor in an oxygen saturation measurement
mode in the first embodiment;
Fig. 6 is a block diagram of an image processing
section;
Fig. 7 is a graph showing the correlation among an
oxygen saturation level and intensity ratios B1/G2
and R2/G2;
Fig. 8 is a graph showing an absorption coefficient
of oxyhemoglobin and deoxyhemoglobin in a wave-
length band of 350 to 800 nm;
Fig. 9 is a graph for explaining a calculation method
of the oxygen saturation level corresponding to in-
tensity ratios B1*/G2* and R2*/G2* from the corre-
lation of Fig. 7;
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Fig. 10 is an explanatory view of a hyperoxic region
and a hypoxic region in blue image data;
Fig. 11 is a table listing the contents of first to third
region processes;
Fig. 12 is a graph showing the relation between the
oxygen saturation level and a gain;
Fig. 13 is an explanatory view of a color enhance-
ment process applied to the hyperoxic region;
Fig. 14 is an explanatory view of the color enhance-
ment process applied to the hypoxic region;
Fig. 15A is a schematic view showing an example
of an oxygen saturation image subjected to the first
region process;
Fig. 15B is a schematic view showing an example
of the oxygen saturation image subjected to the sec-
ond region process;
Fig. 15C is a schematic view showing an example
of the oxygen saturation image subjected to the third
region process;
Fig. 16 is a flowchart in the oxygen saturation meas-
urement mode;
Fig. 17 is a block diagram of an endoscope system
according to a second embodiment;
Fig. 18 is a plan view of a rotary filter;
Fig. 19 is a graph showing spectral transmittance of
measurement, B, G, and R filters;
Fig. 20A is an explanatory view for explaining the
operation of the image sensor in the normal mode
according to the second embodiment; and
Fig. 20B is an explanatory view for explaining the
operation of the image sensor in the oxygen satura-
tion measurement mode according to the second
embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First Embodiment)

[0020] As shown in Fig. 1, an endoscope system 10 is
constituted of a light source device 11, an endoscope
device 12, a processor device 13, a monitor device 14,
and an input device 15 including a keyboard and the like.
The light source device 11 emits illumination light to ir-
radiate an interior of a patient’s body. The endoscope
device 12 images an internal body portion irradiated with
the illumination light emitted from the light source device
11. The processor device 13 applies image processing
to an image signal obtained by the endoscope device 12.
An endoscopic image obtained by the image processing
is displayed on the monitor device 14.
[0021] The endoscope device 12 includes a flexible
elongated portion 17, a steering assembly 18, and a head
assembly 19 provided in this order from the side of a
control handle unit 16. The flexible elongated portion 17
is slender and bendable. The steering assembly 18 is
curved by a turn of an angle knob 16a provided on the
control handle unit 16. Turning the steering assembly 18
to an arbitrary direction and an arbitrary angle makes the

head assembly 19 aim at a desired body portion to be
examined.
[0022] The endoscope system 10 is switchable be-
tween a normal mode and an oxygen saturation level
measurement mode (special mode) for observing an ox-
ygen saturation level of blood. In the normal mode, a
normal image, which is captured under irradiation with
visible light having a wavelength band ranging from blue
to red, is displayed on the monitor device 14. In the ox-
ygen saturation level measurement mode, an oxygen
saturation image, which images an oxygen saturation
level of blood, is displayed on the monitor device 14.
Mode switching is performed by the input device 15 or a
mode switch 21 provided in the endoscope device 12.
[0023] As shown in Fig. 2, the light source device 11
is provided with two types of laser sources LD1 and LD2
and a source controller 20. The laser source LD1 emits
a first laser beam having a central wavelength of 473 nm.
A part of the first laser beam is converted into green to
red fluorescence by a phosphor (wavelength conversion
element) 50 disposed in the head assembly 19 of the
endoscope device 12. The laser source LD2 emits a sec-
ond laser beam having a central wavelength of 445 nm.
As with the first laser beam, a part of the second laser
beam is converted into fluorescence by the phosphor 50.
The first and second laser beams emitted from the laser
sources LD1 and LD2 enter optical fibers 24 and 25, re-
spectively, chough condenser lenses (not shown).
[0024] The first laser beam preferably has a wave-
length band of 460 to 480 nm. The second laser beam
preferably has a wavelength band of 440 to 460 nm. As
the laser sources LD1 and LD2, a broad-area type InGaN
laser diode, InGaNAs laser diode, GaNAs laser diode,
or the like is available.
[0025] The source controller 20 controls the laser
sources LD1 and LD2. When the laser source LD1 is
turned on, measurement light is applied, which includes
the fluorescence emitted from the phosphor 50 excited
by the first laser beam and the first laser beam passed
through the phosphor 50 without being absorbed. When
the laser source LD2 is turned on, normal light is applied,
which includes the fluorescence emitted from the phos-
phor 50 excited by the second laser beam and the second
laser beam passed through the phosphor 50 without be-
ing absorbed. In the normal mode, as shown in Fig. 3A,
the laser source LD2 is turned on, while the laser beam
LD1 is turned off. Thus, the normal light is applied to the
internal body portion. In the oxygen saturation level
measurement mode, as shown in Fig. 3B, the laser sourc-
es LD1 and LD2 are alternately turned on and off. Thus,
the measurement light and the normal light are applied
in an alternate manner to the internal body portion.
[0026] As shown in Fig. 2, a coupler 22 branches the
first or second laser beam transmitted from the optical
fiber 24 or 25 in two beams, and enters the branched two
beams into light guides 28 and 29, respectively. Each
light guide 28 or 29 is made of a fiber bundle, being a
bundle of a number of optical fibers.
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[0027] The endoscope device 12 being an electronic
endoscope is provided with a lighting section 33, an im-
aging section 34, and a connector 36. The lighting section
33 applies two beams of light led through the light guides
28 and 29 to the internal body portion. The imaging sec-
tion 34 captures an image of the internal body portion.
The connector 36 detachably connects the endoscope
device 12 to the light source device 11 and the processor
device 13.
[0028] The lighting section 33 has two lighting windows
43 and 44 disposed on both sides of the imaging section
34. The light passed through the phosphor 50 is applied
to the internal body portion through the lighting windows
43 and 44. The imaging section 34 has an imaging win-
dow 42 positioned at approximately the center of the head
assembly 19. The light reflected from the internal body
portion is captured through the imaging window 42.
[0029] Light projection units 47 and 54 are disposed in
the recess of the lighting windows 43 and 44, respective-
ly. In each of the light projection units 47 and 54, the first
or second laser beam is incident upon the phosphor 50
to emit the fluorescence. The first or second laser beam
and the emitted fluorescence are applied to the internal
body portion through a lens 51.
[0030] The phosphor 50 contains a plurality of types
of fluorescent substances (for example, a YAG-based
fluorescent substance or BAM (BaMgAl10O17)) that ab-
sorb a part of the first and second laser beams and emit
the green to red fluorescence. The entrance of the first
laser beam into the phosphor 50 produces the pseudo
white measurement light, by mixing of the green to red
fluorescence emitted from the phosphor 50 and the first
laser beam passed through the phosphor 50 without be-
ing absorbed. The entrance of the second laser beam
into the phosphor 50 produces the pseudo white normal
light, by mixing of the green to red fluorescence emitted
from the phosphor 50 and the second laser beam passed
through the phosphor 50 without being absorbed.
[0031] The phosphor 50 preferably has an approxi-
mately rectangular parallelepiped shape. In this case,
the phosphor 50 may be formed by compacting the flu-
orescent substances by a binder into the rectangular par-
allelepiped shape. The mixture of the fluorescent sub-
stances and resin such as inorganic glass may be formed
into the rectangular parallelepiped shape. The phosphor
50 is known under the trademark of Micro White (MW).
[0032] In the recess of the imaging window 42, there
is provided an optical system such as an objective lens
unit (not shown) for capturing image light of the internal
body portion. An image sensor 60 e.g. a CCD (charge
coupled device) is provided behind the objective lens unit
to image the internal body portion. An IT (interline trans-
fer) type CCD is used as the image sensor 60 in this
embodiment, but a CMOS (complementary metal-oxide
semiconductor) having a global shutter may be used in-
stead.
[0033] The image sensor 60 receives the light from the
objective lens unit at its light receiving surface (imaging

surface), and performs photoelectric conversion of the
received light to output an analog image signal. The im-
age sensor 60 is a color CCD. In the light receiving sur-
face, as shown in Fig. 4A, pixel groups each of which
consists of one B pixel 60b having a blue filter, two G
pixels 60g having a green filter, and one R pixel 60r hav-
ing a red filter are arranged into a matrix. The blue, green,
and red filters have high spectral transmittance in a blue
wavelength band, a green wavelength band, and a red
wavelength band, as represented by curves 63, 64, and
65 of Fig. 4B, respectively.
[0034] As shown in Fig. 2, the analog image signal out-
putted from the image sensor 60 is inputted to an A/D
converter 68 through a scope cable 67. The A/D convert-
er 68 converts the analog image signal into digital image
data in accordance with its voltage level. The converted
image data is inputted to the processor device 13 through
the connector 36.
[0035] An imaging controller 70 controls the image
sensor 60 in accordance with the mode of the endoscope
system 10. In the normal mode, as shown in Fig. 5A, the
internal body portion is imaged under irradiation with the
normal light. In one frame period, a step of accumulating
electric charge in the image sensor 60 and a step of read-
ing out blue, green, and red signals from the B, G, and
R pixels of the image sensor 60 are performed. These
steps are repeated as long as the endoscope system 10
is in the normal mode. The A/D converter 68 converts
the blue, green, and red signals into blue, green, and red
image data Bc, Gc, Rc, respectively.
[0036] In the oxygen saturation level measurement
mode, as shown in Fig. 5B, the internal body portion is
imaged under irradiation with the measurement light in
a first frame period. A step of accumulating electric
charge in the image sensor 60 and a step of reading out
blue, green, and red signals from the B, G, and R pixels
of the image sensor 60 are performed under irradiation
with the measurement light. After that, in a second frame
period, the internal body portion is imaged under irradi-
ation with the normal light. A step of accumulating electric
charge in the image sensor 60 and a step of reading out
blue, green, and red signals from the B, G, and R pixels
of the image sensor 60 are performed under irradiation
with the normal light. This two-frame period operation is
repeated as long as the endoscope system 10 is in the
oxygen saturation level measurement mode.
[0037] The A/D converter 68 converts the blue, green,
and red signals obtained in the first frame period into
blue, green, and red image data B1, G1, and R1 respec-
tively. Note that, the blue image data B1 corresponds to
second blue image data included in second image infor-
mation. The A/D converter 68 converts the blue, green,
and red signals obtained in the second frame period into
blue, green, and red image data B2, G2, and R2, respec-
tively. Note that, the blue image data B2 corresponds to
first blue image data included in first image information.
The green image data G2 corresponds to first green im-
age data included in the first image information. The red
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image data R2 corresponds to first red image data in-
cluded in the first image information.
[0038] As shown in Fig. 2, the processor device 13 is
provided with a main controller 71, an image processing
section 72, and a memory 74. The monitor device 14 and
the input device 15 are connected to the main controller
71. The main controller 71 controls the operation of each
component of the processor device 13, and furthermore
controls the operation of the source controller 20 of the
light source device 11, the imaging controller 70 of the
endoscope device 12, and the monitor device 14 based
on information inputted from the input device 15 and the
mode switch 21 of the endoscope device 12.
[0039] As shown in Fig. 6, the image processing sec-
tion 72 includes a normal image producing section 80
and an oxygen saturation image producing section 82.
The normal image producing section 80 assigns the blue,
green, and red image data Bc, Gc, and Rc obtained in
the normal mode to B, G, and R channels of the monitor
device 14, respectively. Thus, a normal image is dis-
played on the monitor device 14.
[0040] The oxygen saturation image producing section
82 includes an intensity ratio calculator 84, a correlation
memory 85, an oxygen saturation level calculator 86, a
region determiner 87, a region processor 88, and an im-
age generator 89. The intensity ratio calculator 84 calcu-
lates the intensity ratio B1/G2 between the blue image
data B1 and the green image data G2 and the intensity
ratio R2/G2 between the red image data R2 and the green
image data G2 out of the image data obtained in the
oxygen saturation level measurement mode. The inten-
sity ratio calculator 84 calculates the intensity ratios of
the identical pixel between the two frames of image data.
The intensity ratios may be calculated with respect to
every pixel of the image data, or only the pixels of a blood
vessel area. The blood vessel area is determined based
on the difference in a pixel value between the pixel of the
blood vessel area and the pixel of the other area.
[0041] The correlation memory 85 stores the correla-
tion among the oxygen saturation level and the intensity
ratios B1/G2 and R2/G2. This correlation is in the form
of a two dimensional table, as shown in Fig. 7, in which
contour lines representing the oxygen saturation level
are defined in two-dimensional space. The position and
shape of the contour lines are determined by physical
simulation of light scattering, and variable in accordance
with blood volume. For example, the variation of the blood
volume widens or narrows the distance between the two
adjacent contour lines. The intensity ratios B1/G2 and
R2/G2 are in a log scale.
[0042] The correlation closely relates to an absorption
property of oxyhemoglobin and deoxyhemoglobin and a
light scattering property. Referring to Fig. 8, a curve 90
represents an absorption coefficient of oxyhemoglobin,
and a curve 91 represents an absorption coefficient of
deoxyhemoglobin. For example, using a wavelength of
473 nm at which the absorption coefficient largely differs
between oxyhemoglobin and deoxyhemoglobin allows

easy obtainment of information about the oxygen satu-
ration level. However, the blue image data B1 including
a signal corresponding to light of 473 nm is highly de-
pendent not only on the oxygen saturation level but also
on the blood volume. For this reason, the use of the in-
tensity ratios B1/G2 and R2/G2, which are calculated
from the blue image data B1, the red image data R2 main-
ly depending on the blood volume, and the green image
data G2 being a reference signal (standardization signal)
of the blue image data B2 and the red image data R2,
allows obtainment of the oxygen saturation level with high
accuracy with eliminating the influence of the blood vol-
ume.
[0043] Light having a wavelength band of 470 to 700
nm has a small scattering coefficient and little wavelength
dependence in mucosal tissue. Thus, using the light of
this wavelength band as the illumination light allows ob-
tainment of blood information, including the blood volume
and the oxygen saturation level, with reducing the influ-
ence of the depth of a blood vessel.
[0044] Note that, the correlation memory 85 may also
store the correlation between the blood volume and the
intensity ratio R2/G2. This correlation is in the form of a
one dimensional table in which the blood volume increas-
es with increase in the intensity ratio R2/G2. The corre-
lation between the blood volume and the intensity ratio
R2/G2 is used for calculating the blood volume.
[0045] The following three items hold true according
to wavelength dependence of the absorption coefficient
of hemoglobin:

(1) In the vicinity of a wavelength of 470 nm (for ex-
ample, a blue wavelength range having a central
wavelength of 470610 nm), the absorption coeffi-
cient largely varies in accordance with variation in
the oxygen saturation level.
(2) In a green wavelength range between 540 and
580 nm, a mean value of the absorption coefficient
is hardly susceptible to the oxygen saturation level.
(3) In a red wavelength range between 590 and 700
nm, the absorption coefficient seems to vary largely
in accordance with the oxygen saturation level, but
in actual fact, is hardly susceptible to the oxygen
saturation level because a value of the absorption
coefficient itself is very small.

[0046] The reason why the intensity ratio B1/G2 in-
creases with increase in the intensity ratio R2/G2 (the
contour line representing an oxygen saturation level of
0% ascends slantly), as shown in Fig. 7, is as follows.
As described above, the blood volume increases with
increase in the intensity ratio R2/G2, because of the cor-
relation between the blood volume and the intensity ratio
R2/G2. Out of the image data B1, G2, and R2, the green
image data G2 decreases most largely with increase in
the blood volume, and the blue image data B1 decreases
next largely. This is because the absorption coefficient
is higher in a wavelength range of 540 to 580 nm included
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in the green image data G2 than in a wavelength range
of around 470 nm included in the blue image data B1
(see Fig. 8). Thus, as for the intensity ratio B1/G2, a pixel
value of G2 being a denominator decreases more largely
than a pixel value of B1 being a numerator, with increase
in the blood volume. In other words, the intensity ratio
B1/G2 increases with increase in the blood volume.
[0047] The oxygen saturation level calculator 86 cal-
culates the oxygen saturation level of each pixel with the
use of the correlation stored in the correlation memory
85 and the intensity ratios B1/G2 and R2/G2 calculated
by the intensity ratio calculator 84. In the following de-
scription, B1*, G2*, and R2* represent intensity values
of a certain pixel in the blue image data B1, the green
image data G2, and the red image data R2, respectively,
to be used in the calculation of the oxygen saturation
level. More specifically, the intensity ratios of each pixel
are represented by B1*/G2* and R2*/G2*.
[0048] As shown in Fig. 9, the oxygen saturation level
calculator 86 determines a point P corresponding to the
intensity ratios B1*/G2* and R2*/G2* in the correlation
stored in the correlation memory 85. When the point P
is situated between a lower limit line 98 representing an
oxygen saturation level of 0% and an upper limit line 99
representing an oxygen saturation level of 100%, the
point P indicates the percentile of the oxygen saturation
level. Taking Fig. 9 as an example, the point P is posi-
tioned in a contour line of 60%, so the oxygen saturation
level is 60%.
[0049] If the point is out of a range between the lower
and upper limit lines 98 and 99, and more specifically if
the point is positioned above the lower limit line 98, the
oxygen saturation level is determined to be 0%. If the
point is positioned below the upper limit line 99, the ox-
ygen saturation level is determined to be 100%. Note
that, in a case where the point is out of the range between
the lower and upper limit lines 98 and 99, the oxygen
saturation level of that pixel may be judged to be unreli-
able and may not be displayed on the monitor device 14.
[0050] The region determiner 87 determines a hyper-
oxic region and a hypoxic region in the blue, green, and
red image data B2, G2, and R2 obtained in the oxygen
saturation level measurement mode based on the oxy-
gen saturation level calculated by the oxygen saturation
level calculator 86. The region determiner 87 determines
a pixel area in which the oxygen saturation level equals
or exceeds a certain value (for example, 60%) as the
hyperoxic region, while determines a pixel area in which
the oxygen saturation level is less than the certain value
as the hypoxic region. Thus, as shown in Fig. 10, a hyper-
oxic region 93a and a hypoxic region 93b are determined
in the blue image data B2. In a like manner, the hyperoxic
and hypoxic regions are determined in the green and red
image data G2 and R2.
[0051] The region processor 88 applies one of three
different types of processes (region processes) to the
hyperoxic and hypoxic regions of the blue, green, and
red image data B2, G2, and R2. As shown in Fig. 11, the

region processor 88 performs one of first to third region
processes chosen by a user. In Fig. 11, a circle indicates
performance of a process, and a cross indicates non-
performance of a process. One of the first to third region
processes is appropriately chosen by manual operation
of the input device 15.
[0052] In the first region process, a gain process is ap-
plied to the hypoxic region, while neither a white balance
(WB) process being a type of a color balance process
nor a color enhancement process is applied thereto. In
the gain process, as shown in Fig. 12, the pixel value of
the blue image data B2 is decreased, and the pixel value
of the green and red image data G2 and R2 is increased
with decrease in the oxygen saturation level. In other
words, the gain process disturbs the balance among the
blue, green, and red image data B2, G2, and R2, contra-
rily to the WB process, which adjusts the balance of the
image data of three colors. Therefore, the first region
process brings about artificial color variations in accord-
ance with difference in the oxygen saturation level. In the
hypoxic region, color clearly differs between a portion
having an oxygen saturation level of about 60% and a
portion having an oxygen saturation level of about 40%.
[0053] Furthermore, according to the first region proc-
ess, the WB process and the color enhancement process
are applied to the hyperoxic region, while the gain proc-
ess is not applied thereto. The WB process adjusts the
balance among the blue, green, and red image data B2,
G2, and R2. This improves the visibility of the internal
body portion, including projections and depressions of
living body tissue and a blood vessel pattern, and is ef-
fective for correct diagnosis. Note that, the WB process
is carried out based on a correction value of the blue
image data B2, a correction value of the green image
data G2, and a correction value of the red image data
R2 obtained by calibration performed before endoscopy.
[0054] In addition to the WB process, the color en-
hancement process is applied to the hyperoxic region to
enhance a red component. Since the interior of a human
body is tinted red on the whole, the color enhancement
process for enhancing red color further facilitates the vis-
ibility of the internal body portion, including the projec-
tions and depressions of the living body tissue and the
blood vessel pattern. In this color enhancement process,
the hyperoxic region of the blue, green, and red image
data B2, G2, and R2 is converted into an HSI signal, and
the HSI signal is subjected to a hue change process using
tone curves of Fig. 13. By the hue change process, bluish
and greenish color is tinged with red. The hue change
process brings bluish and greenish color close to red.
The HIS signal after the hue change process is subjected
to RGB conversion again. Note that, the blue, green, and
red image data after being subjected to the RGB conver-
sion is also represented by B2, G2, and R2. In Figs. 13
and 14, a horizontal axis of the tone curve represents
"color before the hue change process", and a vertical
axis represents "color after the hue change process".
[0055] As shown in Fig. 11, according to the second
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region process, the gain process and the color enhance-
ment process are applied to the hypoxic region, while the
WB process is not applied thereto. The gain process is
the same as that of the first region process. After the gain
process, the hypoxic region of the blue, green, and red
image data B2, G2, and R2 is subjected to the color en-
hancement process, in order to make more distinct color
variations in accordance with the difference of the oxygen
saturation level. Therefore, even slight difference of the
oxygen saturation level is reflected in the color variations.
[0056] In this color enhancement process, the hypoxic
region of the blue, green, and red image data B2, G2,
and R2 is converted into an HSI signal, and the HSI signal
is subjected to the hue change process using tone curves
of (A) to (C) of Fig. 14. In this hue change process, "red"
and "green" that were multiplied by a gain of more than
"1" are kept as is without changing its hue between
"green" and "red", as shown in (A) of Fig. 14. As for "blue"
that was multiplied by a gain of less than "1", on the other
hand, a hue between "red" and "blue" and a hue between
"green" and "blue" are changed, as shown in Fig. 14 (B)
and (C). This prevents reddish and greenish color from
being tinted blue as much as possible, and brings bluish
color close to blue. The HSI signal after the hue change
process is subjected to the RGB conversion again. The
blue, green, and red image data after the RGB conversion
is also represented by B2, G2, and R2.
[0057] In the second region process, the WB process
is applied to the hyperoxic region, while neither the gain
process nor the color enhancement process is applied
thereto. The WB process applied to the hyperoxic region
is the same as that of the first region process.
[0058] According to the third region process, as shown
in Fig. 11, the gain process and the color enhancement
process are applied to the hypoxic region, while the WB
process is not applied thereto. The WB process and the
color enhancement process are applied to the hyperoxic
region, while the gain process is not applied thereto. The
gain process and the color enhancement process applied
to the hypoxic region are the same as those of the first
and second region processes. The WB process and the
color enhancement process applied to the hyperoxic re-
gion are the same as those of the first and second region
processes.
[0059] After the region processor 88 applies one of the
first to third region processes to the blue, green, and red
image data B2, G2, and R2, the image generator 89 as-
signs the processed blue, green, and red image data B2,
G2, and R2 to the B, G, and R channels of the monitor
device 14, respectively. Thus, the oxygen saturation im-
age is displayed on the monitor device 14. As shown in
Fig. 15A, in an oxygen saturation image 94 subjected to
the first region process, the projections and depressions
of the living body tissue and the blood vessel pattern are
more clearly visible in a hyperoxic region 94a than in a
hyperoxic region of the normal image. A hypoxic region
94b of the oxygen saturation image 94 is displayed with
artificial colors in accordance with the degree of the ox-

ygen saturation level.
[0060] As shown in Fig. 15B, in an oxygen saturation
image 95 subjected to the second region process, a
hyperoxic region 95a is of the same image quality as the
normal image. A hypoxic region 95b of the oxygen sat-
uration image 95 is subjected to the color enhancement
process (artificial color enhancement process), so even
the slight difference in the oxygen saturation level is re-
flected as the color variations, in contrast to the hypoxic
region 94b of the oxygen saturation image 94. In the hy-
poxic region 95b, a portion 95c has an oxygen saturation
level of 50 to 60%, and a portion 95d has an oxygen
saturation level of 40 to 50%.
[0061] As shown in Fig. 15C, in an oxygen saturation
image 96 subjected to the third region process, the pro-
jections and depressions of the living body tissue and
the blood vessel pattern are more clearly visible in a
hyperoxic region 96a than that of the normal image. Also,
a hypoxic region 96b of the oxygen saturation image 96
is subjected to the artificial color enhancement process,
so even the slight difference in the oxygen saturation
level is reflected as the color variations, in contrast to the
hypoxic region 94b of the oxygen saturation image 94.
In the hypoxic region 96b, a portion 96c has an oxygen
saturation level of 50 to 60%, and a portion 96d has an
oxygen saturation level of 40 to 50%.
[0062] Next, the operation in the oxygen saturation lev-
el measurement mode will be described with referring to
a flowchart of Fig. 16. First, the endoscope system 10 is
put into the oxygen saturation level measurement mode
by operation of the mode switch 21 of the endoscope
device 12, and one of the first to third region processes
is chosen by operation of the input device 15. Thus, the
color image sensor 60 captures images of the internal
body portion alternately irradiated with the measurement
light and the normal light, as shown in Fig. 5B.
[0063] After that, based on the obtained image data,
the intensity ratio B1/G2 between the blue image data
B1 and the green image data G2 and the intensity ratio
R2/G2 between the red image data R2 and the green
image data G2 are calculated on a pixel-by-pixel basis.
The oxygen saturation level of each pixel is calculated
from the two intensity ratios B1/G2 and R2/G2 and the
correlation stored in the correlation memory 85. Based
on the calculated oxygen saturation level, the hyperoxic
and hypoxic regions are determined in the blue, green,
and red image data B2, G2, and R2. One of the first to
third region processes chosen through the input device
15 is applied to the blue, green, and red image data B2,
G2, and R2. According to the chosen region process, at
least one of the WB process, the gain process, and the
color enhancement process are applied to each of the
hyperoxic and hypoxic regions. The blue, green, and red
image data B2, G2, and R2 after being subjected to the
region process is assigned to the B, G, and R channels
of the monitor device 14, respectively. Thus, the oxygen
saturation image is displayed on the monitor device 14.
The sequential steps from the application of the meas-
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urement and normal light to the display of the oxygen
saturation image are repeated as long as the endoscope
system 10 is in the oxygen saturation level measurement
mode.

(Second Embodiment)

[0064] In the above first embodiment, semiconductor
light sources are used for obtaining the illumination light.
A second embodiment instead adopts a rotary filter meth-
od, which uses a white light source such as a xenon lamp
and a rotary filter for performing wavelength separation
of broad band light emitted from the white light source.
As shown in Fig. 17, an endoscope system 100 according
to the second embodiment has the same structure as the
endoscope system 10, except for an endoscope device
101 and a light source device 102. Therefore, the struc-
ture of the endoscope device 101, the light source device
102, and related parts thereof will be described below,
and explanation of the other parts will be omitted.
[0065] The endoscope device 101 differs from the en-
doscope device 12 in terms that there is no phosphor 50
in the lighting section 33. Thus, light led from the light
source device 102 is directly applied to the internal body
portion through the light guides 28 and 29. An image
sensor 103 is a monochrome CCD having no color filter
in its imaging surface, in contrast to the image sensor
60. As for the other components, the endoscope device
101 is identical to the endoscope device 12.
[0066] The light source device 102 includes a white
light source 110, a rotary filter 112, a motor 113 connect-
ed to a rotary shaft 112a of the rotary filter 112, and a
shifter 114. The white light source 110 emits broad band
light BB having a wavelength band of 400 to 700 nm. The
rotary filter 112 splits the broad band light BB emitted
from the white light source 110 into light of a predeter-
mined wavelength. The motor 113 rotates the rotary filter
112 at constant speed. The shifter 114 shifts the rotary
filter 112 in its radial direction.
[0067] The white light source 110 includes a main body
110a for emitting the broad band light BB, and an aperture
stop 110b for regulating the light amount of the broad
band light BB. The main body 110a is composed of a
xenon lamp, a halogen lamp, a metal halide lamp, or the
like. The degree of opening of the aperture stop 110b is
regulated by a light amount controller (not shown).
[0068] As shown in Fig. 18, the rotary filter 112 rotates
about the rotary shaft 112a connected to the motor 113.
The rotary filter 112 is composed of a first filter portion
120 and a second filter portion 122 disposed in this order
from the rotary shaft 112a being a rotation axis along the
radial direction. The first filter portion 120 is set in an
optical path of the broad band light BB in the normal
mode. The second filter portion 122 is set in the optical
path of the broad band light BB in the oxygen saturation
level measurement mode. The shifter 114 shifts the ro-
tary filter 112 in its radial direction to switch the positioning
of the first and second filter portions 120 and 122.

[0069] The first filter portion 120 has a B filter 120a, a
G filter 120b, and an R filter 120c each of which has the
shape of a sector having a central angle of 120°. As
shown in Fig.19, the B filter 120a transmits B light having
a blue wavelength band (380 to 500 nm) out of the broad
band light BB. The G filter 120b transmits G light having
a green wavelength band (450 to 630 nm) out of the broad
band light BB. The R filter 120c transmits R light having
a red wavelength band (580 to 760 nm) out of the broad
band light BB. Thus, the B, G, and R light is sequentially
emitted by the rotation of the rotary filter 112. The B, G,
and R light enters the light guides 28 and 29 through a
condenser lens 116 and an optical fiber 117.
[0070] The second filter portion 122 has a measure-
ment filter 112a (represented by "M" in Fig. 18), a B filter
112b, a G filter 122c, and an R filter 122d. The measure-
ment filter 122a transmits the measurement light for
measuring the oxygen saturation level having a wave-
length band of 450 to 500 nm out of the broad band light
BB. The B filter 122b transmits the B light having the blue
wavelength band (380 to 500 nm), just as with the above
B filter 120a. The G filter 122c transmits the G light having
the green wavelength band (450 to 630 nm), just as with
the above G filter 120b. The R filter 122d transmits the
R light having the red wavelength band (580 to 760 nm),
just as with the above R filter 120c. Thus, the measure-
ment, B, G, and R light is sequentially emitted by the
rotation of the rotary filter 112. The four types of light
enter the light guides 28 and 29 through the condenser
lens 116 and the optical fiber 117.
[0071] Since the endoscope system 100 according to
the second embodiment adopts the rotary filter method,
the imaging control of the endoscope system 100 is dif-
ferent from that of the endoscope system 10. In the nor-
mal mode, as shown in Fig. 20A, the image sensor 103
images the internal body portion sequentially irradiated
with the B, G, and R light. The image sensor 103 accu-
mulates electric charge and sequentially outputs a blue
signal, a green signal, and a red signal. This sequential
operation is repeated as long as the endoscope system
100 is in the normal mode. The A/D converter 58 converts
the blue signal into blue image data Bc, the green signal
into green image data Gc, and the red signal into red
image data Rc. The blue, green, and red image data Bc,
Gc, and Rc is assigned to the B, G, and R channels of
the monitor device 14, respectively. Thus, a normal im-
age is displayed on the monitor device 14.
[0072] In the oxygen saturation level measurement
mode, as shown Fig. 20B, the image sensor 103 images
the internal body portion sequentially irradiated with the
measurement, B, G, and R light. The image sensor 103
accumulates electric charge and sequentially outputs a
measurement blue signal, a blue signal, a green signal,
and a red signal. This sequential operation is repeated
as long as the endoscope system 100 is in the oxygen
saturation level measurement mode. The A/D converter
58 converts the measurement blue signal into measure-
ment blue image data B1, the blue signal into blue image
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data B2, the green signal into green image data G2, and
the red signal into red image data R2. Note that, the blue
image data B2, the green image data G2, and the red
image data R2 correspond to first blue image data, first
green image data, and first red image data, respectively,
included in first image information. The measurement
blue image data B1 corresponds to second blue image
data included in second image information.
[0073] Out of the image data obtained in the oxygen
saturation level measurement mode, the measurement
blue image data B1, the green image data G2, and the
red image data R2 are used for calculating the oxygen
saturation level by the same procedure as described in
the first embodiment. Based on the calculated oxygen
saturation level, the hyperoxic and hypoxic regions are
determined in the blue, green, and red image data B2,
G2, and R2. One of the first to third region processes is
applied to each of the hyperoxic and hypoxic regions.
The blue, green, and red image data B2, G2, and R2
after being subjected to the region process is assigned
to the B, G, and R channels of the monitor device 14.
Thus, the oxygen saturation image is displayed on the
monitor device 14.
[0074] In the first and second embodiments, as the
color enhancement process, a red enhancement process
is applied to the hyperoxic region, and a process for en-
hancing the color variations according to the difference
in the oxygen saturation level is applied to the hypoxic
region. However, a chroma enhancement process may
be performed instead as the color enhancement process.
The color enhancement process may be performed using
a spectral image that is obtained by spectral estimation
of the normal image (image obtained from the blue,
green, and red image data B2, G2, and R2).
[0075] Note that, the phosphor 50 is contained in the
head assembly 19 in the first embodiment, but may be
provided in the light source device 11 instead. In this
case, the phosphor 50 is necessarily provided between
the LD2 (445 nm) and the optical fiber 25. No phosphor
50 may be provided between the LD1 (473 nm) and the
optical fiber 24.
[0076] In the above first and second embodiments, the
oxygen saturation image is produced using the oxygen
saturation level, which is the ratio of oxyhemoglobin to
blood volume (the sum of oxyhemoglobin and deoxyhe-
moglobin). Instead of or in addition to this, the oxygen
saturation image may be produced using an oxyhemo-
globin index calculated by "blood volume x oxygen sat-
uration level (%)" or a deoxyhemoglobin index calculated
by "blood volume x (100-oxygen saturation level) (%)".
[0077] Although the present invention has been fully
described by the way of the preferred embodiment there-
of with reference to the accompanying drawings, various
changes and modifications will be apparent to those hav-
ing skill in this field. Therefore, unless otherwise these
changes and modifications depart from the scope of the
present invention, they should be construed as included
therein.

Claims

1. An endoscope system (10) comprising:

a lighting means (11, 33) for applying illumina-
tion light to an object, broad band light in a visible
range and narrow band light having a wave-
length range in which oxyhemoglobin and deox-
yhemoglobin have different absorption coeffi-
cients being used as said illumination light;
an image information obtaining means (34, 70)
for imaging said object under irradiation with
said broad band light to obtain first image infor-
mation, and imaging said object under irradia-
tion with said narrow band light to obtain second
image information;
a normal image producing means (80) for pro-
ducing a normal image having a wavelength
component of said broad band light based on
said first image information;
an oxygen saturation level calculating means
(86) for calculating an oxygen saturation level
of blood based on said second image informa-
tion;
a region determining means (87) for determining
in said normal image a hyperoxic region (93a)
having said oxygen saturation level of a prede-
termined value or more and a hypoxic region
(93b) having said oxygen saturation level of less
than said predetermined value; and
a region processing means (88) for applying a
different type of process to each of said hyper-
oxic region (93a) and said hypoxic region (93b),
and producing an oxygen saturation image.

2. The endoscope system (10) according to claim 1,
further comprising a monitor device (14) for display-
ing said normal image or said oxygen saturation im-
age.

3. The endoscope system (10) according to claim 2,
wherein said region processing means (88) applies
a color balance process to said hyperoxic region
(93a) to adjust color balance, and applies a gain
process to said hypoxic region (93b) to bring about
color variations in said hypoxic region (93b) in ac-
cordance with difference in said oxygen saturation
level.

4. The endoscope system (10) according to claim 2 or
3,
wherein
said color balance process adjusts white balance in
said hyperoxic region (93a) by adjustment of a pixel
value of said hyperoxic region (93a); and
said gain process varies color in said hypoxic region
(93b) in accordance with a degree of said oxygen
saturation level by adjustment of said pixel value of
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said hypoxic region (93b).

5. The endoscope system (10) according to one of
claims 2 to 4, wherein said region processing means
(88) applies a color enhancement process to at least
one of said hyperoxic region (93a) and said hypoxic
region (93b).

6. The endoscope system (10) according to claim 5,
wherein said color enhancement process to be ap-
plied to said hyperoxic region (93a) is a red color
enhancement process for enhancing a red compo-
nent.

7. The endoscope system (10) according to claim 5 or
6, wherein said hypoxic region (93b) is tinged with
artificial colors different in accordance with said de-
gree of said oxygen saturation level, and said color
enhancement process to be applied to said hypoxic
region (93b) is an artificial color enhancement proc-
ess for enhancing said artificial colors.

8. The endoscope system (10) according to one of
claims 1 to 7, wherein
said image information obtaining means (34, 70) in-
cludes a color image sensor (60);
said first image information includes first blue image
data, first green image data, and first red image data,
and said color image sensor (60) images said object
under irradiation with first blue narrow band light of
440 to 460 nm and fluorescence produced by wave-
length conversion of said first blue narrow band light
by a wavelength conversion element (50), and B pix-
els (60b), G pixels (60g), and R pixels (60r) of said
color image sensor (60) produce said first blue,
green, and red image data, respectively; and
said second image information includes second blue
image data, and said color image sensor (60) images
said object under irradiation with second blue narrow
band light of 460 to 480 nm and fluorescence pro-
duced by wavelength conversion of said second blue
narrow band light by said wavelength conversion el-
ement (50), and said B pixels (60b) of said color im-
age sensor (60) produce said second blue image
data.

9. The endoscope system (100) according to one of
claims 1 to 7, wherein
said image information obtaining means (34, 70) in-
cludes a monochrome image sensor (103);
said first image information includes first blue image
data, first green image data, and first red image data,
and said monochrome image sensor (103) images
said object sequentially irradiated with blue light,
green light, and red light to obtain said first blue im-
age data, said first green image data, and said first
red image data, respectively; and
said second image information includes second blue

image data, and said monochrome image sensor
(103) images said object under irradiation with blue
light of 450 to 500 nm to obtain said second blue
image data.

10. The endoscope system (10, 100) according to claim
8 or 9, wherein said oxygen saturation level calcu-
lating means (86) calculates said oxygen saturation
level based on said second blue image data, said
first green image data, and said first red image data.

11. A processor device (13) of an endoscope system
(10), said endoscope system (10) including a lighting
means (11, 33) for applying illumination light to an
object and an image information obtaining means
(34, 70) for obtaining first and second image infor-
mation, broad band light in a visible range and narrow
band light having a wavelength range in which oxy-
hemoglobin and deoxyhemoglobin have different
absorption coefficients being used as said illumina-
tion light, said first image information being obtained
by imaging said object under irradiation with said
broad band light, and said second image information
being obtained by imaging said object under irradi-
ation with said narrow band light, said processor de-
vice (13) comprising:

a reception means for receiving said first and
second image information;
a normal image producing means (80) for pro-
ducing a normal image having a wavelength
component of said broad band light based on
said first image information;
an oxygen saturation level calculating means
(86) for calculating an oxygen saturation level
of blood based on said second image informa-
tion;
a region determining means (87) for determining
in said normal image a hyperoxic region (93a)
having said oxygen saturation level of a prede-
termined value or more and a hypoxic region
(93b) having said oxygen saturation level of less
than said predetermined value; and
a region processing means (88) for applying a
different type of process to each of said hyper-
oxic region (93a) and said hypoxic region (93b),
and producing an oxygen saturation image.

12. An image processing method of an endoscope sys-
tem (10) including a lighting means (11, 33) for ap-
plying illumination light to an object and an image
information obtaining means (34, 70) for obtaining
first and second image information, broad band light
in a visible range and narrow band light having a
wavelength range in which oxyhemoglobin and de-
oxyhemoglobin have different absorption coeffi-
cients being used as said illumination light, said first
image information being obtained by imaging said
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obj ect under irradiation with said broad band light,
and said second image information being obtained
by imaging said object under irradiation with said nar-
row band light, said image processing method com-
prising the steps of:

producing a normal image having a wavelength
component of said broad band light based on
said first image information;
calculating an oxygen saturation level of blood
based on said second image information;
determining in said normal image a hyperoxic
region (93a) having said oxygen saturation level
of a predetermined value or more and a hypoxic
region (93b) having said oxygen saturation level
of less than said predetermined value; and
applying a different type of process to each of
said hyperoxic region (93a) and said hypoxic re-
gion (93b), and producing an oxygen saturation
image.
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摘要(译)

在氧饱和度测量模式中，彩色图像传感器（60）对交替地用测量光和普
通光照射的内部身体部分成像。从在正常光照射下获得的图像数据产生
正常图像。根据在测量光照射下获得的图像数据计算氧饱和度。基于氧
饱和度水平，在正常图像中确定高氧区域（93a）和缺氧区域（93b）。
将颜色平衡过程和颜色增强过程应用于高氧区域（93a）以改善内部身体
组织的凹陷和投射以及血管图案的可见性。将增益处理应用于缺氧区域
（93b），以根据氧饱和度的程度产生不同的颜色变化。
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