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(54) Endoscope system, processor device thereof, and method for displaying endoscopic video 
image

(57) In a special mode, a first frame image including
a blue signal B1, a green signal G1, and a red signal R1
is captured in a first frame period. In a second frame
period, a second frame image including a blue signal B2,
a green signal G2, and a red signal R2 is captured. An
oxygen saturation level calculator (86) calculates an ox-
ygen saturation level of each pixel based on signal ratios
B1/G2 and R2/G2, and sequentially outputs obtained
special images on a monitor (14). Whenever the special
image is produced, a signal ratio R2/R1 is calculated.
When the signal ratio R2/R1 exceeds a threshold value,
a warning sign "! !" (14a) is displayed. When the signal
ratio R2/R1 is larger than a predetermined range S, a
warning sign "HIGH StO2" (14b) is displayed. When the
signal ratio R2/R1 is smaller than the range S, a warning
sign "LOW StO2" (14c) is displayed.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an endoscope
system, a processor device thereof, and a method for
displaying an endoscopic video image.

2. Description Related to the Prior Art

[0002] Endoscopy using an endoscope system is
widely employed in a medical field. The endoscope sys-
tem is constituted of an electronic endoscope, a light
source device, a processor device, a monitor, and the
like. In recent years, there is known an endoscope system
that is provided with not only a normal mode (normal light
observation mode) for observing an entire image of the
inside of a body cavity under white light having a wide
wavelength band, but also a special mode (special light
observation mode) for performing observation from var-
ious viewpoints using special light in a specific narrow
wavelength band.
[0003] In the normal mode, normal light such as xenon
light in the wide wavelength band is applied to an internal
body portion, and a color image sensor captures the light
reflected from the body portion. A color video image ob-
tained by the image sensor is displayed on the monitor.
In another technique, as described in Japanese Patent
Laid-Open Publication No. 08-068952, the normal light
is color-separated into three colors of light, and an en-
doscope system sequentially applies the three colors of
light to the internal body portion. A monochrome image
sensor captures the light reflected therefrom by a frame
sequential method. Three color frame images obtained
thereby are merged into a full color video image.
[0004] In the special mode, a blood vessel pattern ob-
taining technique is known in which a blood vessel in a
specific depth is enhanced using the special light having
a wavelength at which hemoglobin has a high light ab-
sorption coefficient. Also, there is known an oxygen sat-
uration level obtaining technique. In this technique, a plu-
rality of types of special light that have different wave-
lengths including a wavelength at which the light absorp-
tion coefficient much differs between oxygenated hemo-
globin and deoxygenated hemoglobin are sequentially
applied to the internal body portion. The reflected light
therefrom is captured by a sequential method to obtain
a plurality of frame images. The oxygen saturation level
is calculated from the plurality of frame images. The
above techniques facilitate finding out a lesion such as
cancer that is hard to spot under the normal light.
[0005] In the case of capturing the plurality of frame
images by the sequential method under irradiation with
the plurality of types of special light, each individual frame
image is captured at different timing. Thus, if displace-
ment occurs among the frame images due to various

movements such as a shake of a head assembly of the
electronic endoscope and a body motion, artifact arises
in an endoscopic image produced from the frame images.
As a measure against the artifact, in the system of the
Japanese Patent Laid-Open Publication No. 08-068952,
the single endoscopic image, which is produced from the
RGB three frame images obtained by the frame sequen-
tial method, is displayed in color, if the movement is small.
The display is switched into monochrome, if the move-
ment is large so as to cause color deviation in the color
display.
[0006] In the system of the Japanese Patent Laid-
Open Publication No. 08-068952, the switching between
the color display and the monochrome display is per-
formed manually by keyboard input. This switching op-
eration is often a burden to a doctor who steering the
electronic endoscope. To reduce the burden on the doc-
tor, another hand, for example, a switching assistant is
required.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide
an endoscope system, a processor device thereof, and
a method for automatically detecting abnormality e.g. the
occurrence of artifact in an endoscopic image and dis-
playing a detection result on a monitor, when displaying
the endoscopic image based on a plurality of frame im-
ages obtained by a frame sequential method.
[0008] To achieve the above and other objects, an en-
doscope system according to the present invention in-
cludes a lighting means, an image pickup means, a video
image generation means, a monitor means, and a warn-
ing means. The lighting means sequentially applies a plu-
rality of types of illumination light having different wave-
length bands to an internal body portion. The image pick-
up means sequentially captures reflected light from the
internal body portion to obtain a plurality of frames of
image signals corresponding to the types of the illumina-
tion light. The video image generation means produces
an endoscopic image of one video frame based on the
plurality of frames of image signals, and sequentially out-
puts a plurality of produced endoscopic images to pro-
duce an endoscopic video image. The endoscopic video
image is displayed on the monitor means. The warning
means issues a warning, when a signal ratio between at
least two of the image signals is out of a predetermined
range.
[0009] The lighting means preferably emits first illumi-
nation light in a first frame period and second illumination
light in a second frame period. The first and second illu-
mination light preferably has the same spectral distribu-
tion in a specific wavelength range. The image pickup
means obtains a first image signal in the first frame period
and a second image signal in the second frame period,
with use of a color image sensor having a specific pixel
having a color filter for passing light in the specific wave-
length range. When a signal ratio between a first signal
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component of the first image signal and a second signal
component of the second image signal is out of a prede-
termined range, the warning means issues the warning.
The first signal component refers to a component of the
first image signal outputted from the specific pixel. The
second signal component refers to a component of the
second image signal outputted from the specific pixel.
[0010] The first illumination light preferably includes
first blue light in a narrow wavelength band and first green
to red light in a wide wavelength band. The first green to
red light is obtained by wavelength conversion of the first
blue light using a wavelength conversion element. The
second illumination light preferably includes second blue
light in a narrow wavelength band and second green to
red light in a wide wavelength band. The second green
to red light is obtained by the wavelength conversion of
the second blue light using the wavelength conversion
element. The wavelength of the first blue light is different
from the wavelength of the second blue light. The first
and second illumination light preferably has the same
spectral distribution in a red wavelength range.
[0011] The first and second blue light is preferably
emitted from semiconductor light sources.
[0012] When the signal ratio is out of a first numerical
range, the warning means preferably issues a first warn-
ing about a body motion of the internal body portion or a
shake of the image sensor.
[0013] The endoscopic video image is preferably an
oxygen saturation video image that images an oxygen
saturation level of blood. When the signal ratio is out of
a second numerical range, the warning means preferably
issues a second warning about the oxygen saturation
level.
[0014] The warning means may issue the warning by
changing how to display the endoscopic video image on
the monitor means. The warning means may issue the
warning by displaying a warning sign on the monitor
means. The warning sign is displayed on the monitor
means together with the endoscopic video image.
[0015] The endoscope system may further include a
still image recording means for storing one or more video
frames of the endoscopic images as still images in a still
image memory means, when the signal ratio is within the
predetermined range.
[0016] A processor device of the endoscope system
includes a video image generation means and a warning
means. The video image generation means produces an
endoscopic image of one video frame based on a plurality
of frames of image signals, and sequentially outputs a
plurality of produced endoscopic images to a monitor
means to produce an endoscopic video image. The warn-
ing means issues a warning, when a signal ratio between
at least two of the image signals is out of a predetermined
range.
[0017] A method for displaying an endoscopic video
image includes the steps of sequentially applying a plu-
rality of types of illumination light having different wave-
length bands to an internal body portion; sequentially

capturing reflected light from the internal body portion to
obtain a plurality of frames of image signals correspond-
ing to the types of illumination light; producing an endo-
scopic image of one video frame based on the plurality
of frames of image signals; sequentially displaying on a
monitor means as an endoscopic video image a plurality
of the endoscopic images produced by repetition of the
applying step, the capturing step, and the producing step;
comparing a signal ratio between at least two of the image
signals with a predetermined range; and issuing a warn-
ing, when the signal ratio is out of the predetermined
range.
[0018] According to the present invention, the use of
the signal ratio between the image signals, which have
correlation with the body motion of the internal body por-
tion and the like, allows automatic detection of the ab-
normality e.g. the occurrence of the artifact. Furthermore,
the detected abnormality is displayed as a warning in the
endoscopic video image.

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 an overview of an endoscope system;
Fig. 2 is a block diagram of the endoscope system;
Fig. 3 is a graph showing emission spectra of first
and second white light;
Fig. 4A is an explanatory view showing an arrange-
ment of B pixels, G pixels, and R pixels in a color
image sensor;
Fig. 4B is a graph showing spectral transmittance of
the B pixel, the G pixel, and the R pixel;
Fig. 5A is an explanatory view of imaging control of
an image sensor in a normal mode;
Fig. 5B is an explanatory view of imaging control of
the image sensor in a special mode;
Fig. 6A is an explanatory view of a special video im-
age on which a warning about artifact is displayed;
Fig. 6B is an explanatory view of the special video
image on which a warning about an oxygen satura-
tion level is displayed;
Fig. 6C is an explanatory view of the special video
image on which another warning about the oxygen
saturation level is displayed;
Fig. 7 is a block diagram of an image processing unit;
Fig. 8 is a graph showing the correlation among the
oxygen saturation level and signal ratios B1/G2 and
R2/G2;
Fig. 9 is a graph showing a light absorption coefficient
of oxygenated hemoglobin and deoxygenated he-
moglobin;
Fig. 10 is a graph showing the correlation between
blood volume and the signal ratio R2/G2;
Fig. 11 is an explanatory view of a method for cal-
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culating the oxygen saturation level from the signal
ratios in Fig. 8;
Fig. 12 is a flowchart of the special mode; and
Fig. 13 is an explanatory view for explaining that how
to display the special video image is switched de-
pending on movement M.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] As shown in Fig. 1, an endoscope system 10 is
constituted of a light source device 11, an electronic en-
doscope 12, a processor device 13, a monitor 14, and
an input device 15 such as a keyboard. The light source
device 11 produces a plurality of types of illumination
light in specific wavelength bands. The illumination light
from the light source device 11 is applied to the inside of
a body cavity, and the electronic endoscope 12 images
the light reflected therefrom. The processor device 13
produces an endoscopic image from image signals ob-
tained by the electronic endoscope 12. The obtained en-
doscopic image is displayed on the monitor 14.
[0021] The electronic endoscope 12 is provided with a
flexible elongated tube 17, a steering assembly 18, and
a head assembly 19 disposed in this order from the side
of a control handle unit 16. The steering assembly 18 is
flexibly bent by a turn of an angle knob 16a provided on
the control handle unit 16. By bending the steering as-
sembly 18 in an arbitrary direction and angle, the head
assembly 19 is aimed at a desired internal body portion
to be examined. The flexible elongated tube 17, the steer-
ing assembly 18, and the head assembly 19 are collec-
tively called an insert section.
[0022] The endoscope system 10 is switched between
a normal mode and a special mode. In the normal mode,
a normal video image is produced in the visible region
extending from blue to red. In the special mode, a special
video image is produced to represent an oxygen satura-
tion level of hemoglobin. The switching is appropriately
performed based on input from a mode switch 21 of the
electronic endoscope 12 or the input device 15.
[0023] As shown in Fig. 2, the light source device 11
includes two types of laser sources LD1 and LD2 and a
source controller 20. The laser source LD1 emits a first
laser beam having a center wavelength of 473 nm. The
first laser beam excites a phosphor 50 provided in the
head assembly 19, and produces first white light (pseudo
white light). The laser source LD2 emits a second laser
beam having a center wavelength of 445 nm. The second
laser beam excites the phosphor 50, and produces sec-
ond white light (pseudo white light). Note that, the first
laser beam is preferably in a wavelength range of 460 to
480 nm, and the second laser beam is preferably in a
wavelength range of 440 to 460 nm.
[0024] The first laser beam emitted from the laser
source LD1 is incident upon an optical fiber 24 through
a condenser lens (not shown). The second laser beam
emitted from the laser source LD2 is incident upon an
optical fiber 25 through a condenser lens (not shown).

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, and adjusts emission timing of
the laser sources LD1 and LD2. In this embodiment, the
laser source LD2 is turned on and the laser source LD1
is turned off in the normal mode. In the special mode, the
laser sources LD1 and LD2 are alternately turned on and
off on a frame-by-frame basis. More specifically, when
the laser source LD1 is turned on, the laser source LD2
is turned off. When the laser source LD1 is turned off,
the laser source LD2 is turned on.
[0026] A coupler 22 branches the first laser beam from
the optical fiber 24 in two beams, and enters the branched
two beams into light guides 28 and 29, respectively. The
coupler 22 also branches the second laser beam from
the optical fiber 25 in two beams, and enters the branched
two beams into the light guides 28 and 29. Each light
guide 28, 29 is made of a fiber bundle into which a number
of optical fibers are bound.
[0027] The electronic endoscope 12 is provided with a
lighting section 33 for applying the two beams transmitted
through the light guides 28 and 29 to the internal body
portion, and an image pickup section 34 for imaging the
internal body portion. The electronic endoscope 12 is al-
so provided with a connector 36 that detachably connects
the electronic endoscope 12 to the light source device
11 and the processor device 13.
[0028] The lighting section 33 includes two lighting win-
dows 43 and 44 disposed on both right and left sides of
the image pickup section 34, and light projection units 47
and 54 disposed in the recess of the lighting windows 43
and 44, respectively. Through the lighting windows 43
and 44, the first or second white light is applied to the
internal body portion. Each light projection unit 47, 54
contains the phosphor 50 and a lens 51. The image pick-
up section 34 includes an imaging window 42, which is
disposed approximately at the center of the head assem-
bly 19 to receive light reflected from the internal body
portion, and an image sensor 60 disposed in the recess
of the imaging window 42.
[0029] The phosphor 50 is made of a plurality of types
of fluorescent substances (for example, YAG- based flu-
orescent substance or BAM (BaMgAl10O17)- based flu-
orescent substance) that absorb a part of the first laser
beam from the laser source LD1 or the second laser
beam from the laser source LD2 and emit green to red
fluorescence. The entrance of the first or second laser
beam into the phosphor 50 produces the pseudo white
light, by mixing of the green to red fluorescence emitted
from the phosphor 50 and the first or second laser beam
passed through the phosphor 50 without being absorbed.
[0030] The phosphor 50 preferably has an approxi-
mately rectangular parallelepiped shape. The phosphor
50 may be formed by compacting the fluorescent sub-
stances by a binder into the rectangular parallelepiped
shape. The mixture of the fluorescent substances and
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resin such as inorganic glass may be formed into the
rectangular parallelepiped shape. This phosphor 50 is
known under the trademark of Micro White (MW).
[0031] As shown in Fig. 3, the first white light, which is
produced by entrance of the first laser beam, has a wave-
length of 473 nm being a wavelength band of the first
laser beam and wavelengths between 480 nm and 700
nm being a wavelength band of the fluorescence excited
by the first laser beam. The second white light, which is
produced by entrance of the second laser beam, has a
wavelength of 445 nm being a wavelength band of the
second laser beam and wavelengths between 460 nm
and 700 nm being a wavelength band of the fluorescence
excited by the second laser beam.
[0032] Note that, the white light does not necessarily
contain each and every wavelength component of the
visible light, as long as it contains a plurality of wavelength
components of R(red), G(green), and B(blue) being pri-
mary colors, such as the pseudo white light described
above. In a broad sense, the white light includes, for ex-
ample, light having a wavelength component from green
to red, light having a wavelength component from blue
to green, and the like.
[0033] An objective lens 58 is provided in the recess
of the imaging window 42 to capture image light of the
internal body portion. In the recess of the objective lens
58, the image sensor 60 e.g. a CCD (charged coupled
device) image sensor or a CMOS (complementary metal-
oxide semiconductor) image sensor is provided to per-
form photoelectric conversion of the image light.
[0034] The image sensor 60 receives the image light
from the objective lens 58 at its light receiving surface
(imaging surface), and performs the photoelectric con-
version of the received image light to output an analog
image signal. In this embodiment, a color CCD is em-
ployed as the image sensor 60. As shown in Fig. 4A, the
image sensor 60 has arrangement patterns of 2- by 2-
pixel arranged in both horizontal and vertical directions
in its light receiving surface. Each arrangement pattern
includes one B pixel 60b having a B (blue) color filter,
two G pixels 60g having a G (green) color filter, and one
R pixel 60r having a R (red) color filter. The B, G, and R
color filters have high spectral transmittance in a blue
wavelength range, a green wavelength range, and a red
wavelength range, as represented by curves 63, 64, and
65 of Fig. 4B, respectively.
[0035] The analog image signal outputted from the im-
age sensor 60 is inputted to an A/D converter 68 through
a cable 67. The A/D converter 68 converts the image
signal into a digital image signal in accordance with its
voltage level. The converted image signal is inputted to
the processor device 13 through the connector 36.
[0036] An imaging controller 70 controls the image
sensor 60. As shown in Fig. 5A, in the normal mode,
electric charge produced by the second white light (445
nm +fluorescence) is accumulated and read out within
one frame period. This accumulation and readout are
repeated while the endoscope system 10 stays in the

normal mode.
[0037] In the special mode, on the other hand, as
shown in Fig. 5B, electric charge produced by the first
white light (473 nm + fluorescence) is accumulated and
read out in a first frame period. After that, the electric
charge produced by the second white light is accumulat-
ed and read out in a second frame period. The first and
second frame periods are alternately repeated while the
endoscope system 10 stays in the special mode.
[0038] In the special mode, B1 represents a blue signal
outputted from the B pixels of the image sensor 60 in the
first frame period. G1 represents a green signal outputted
from the G pixels, and R1 represents a red signal out-
putted from the R pixels in the first frame period. B2 rep-
resents a blue signal outputted from the B pixels in the
second frame period. G2 represents a green signal out-
putted from the G pixels, and R2 represents a red signal
outputted from the R pixels in the second frame period.
[0039] The processor device 13 is constituted of a main
controller 71, a movement calculation unit 72, an image
processing unit 73, and storage 74. The main controller
71 is connected to the monitor 14 and the input device
15. The main controller 71 controls the operation of the
image processing unit 73, the source controller 20 of the
light source device 11, the imaging controller 70 of the
electronic endoscope 12, and the monitor 14 based on
input from the mode switch 21 of the electronic endo-
scope 12 and the input device 15.
[0040] The movement calculation unit 72 calculates a
signal ratio R2/R1 between the red signal R1 of a first
frame image obtained in the first frame period and the
red signal R2 of a second frame image obtained in the
second frame period. Then, the movement calculation
unit 72 calculates from the signal ratio R2/R1 a movement
M, which represents in numerical form various move-
ments including a shake of the head assembly 19 and a
body motion of the internal body portion. The correlation
between the movement M and the signal ratio R2/R1 is
stored in a movement correlation memory 72a.
[0041] When the movement M is a predetermined
threshold value or more, artifact tends to occur due to
the various movements. Therefore, as shown in Fig. 6A,
a warning unit 72b puts in the special video image a warn-
ing sign "!!", which indicates "there is a possibility of the
occurrence of artifact". The movement M calculated by
the movement calculation unit 72 is sent to the image
processing unit 73. Note that, the artifact can occur not
only by the movements but also by variation in the inten-
sity ratio between the first and second white light caused
by exposure control. For this reason, the intensity ratio
between the first and second white light is preferably kept
constant.
[0042] The reason why the movement M is calculated
from the signal ratio R2/R1, as described above, is as
follows. In the special mode, the first white light emitted
in the first frame period and the second white light emitted
in the second frame period have approximately the same
spectral distribution in the red wavelength range (see Fig.

7 8 



EP 2 638 842 A1

6

5

10

15

20

25

30

35

40

45

50

55

3). Thus, if no movement occurs, the signal ratio R2/R1
between the red signals R2 and R1 stays at an almost
constant value C, which depends on the intensity ratio
between the first and second white light. On the contrary,
if any movement occurs, the signal ratio R2/R1 deviates
from the constant value C in accordance with the amount
of the movement. For this reason, the movement M is
obtainable by calculating a deviation of the signal ratio
R2/R1 from the constant value C.
[0043] When the signal ratio R2/R1 calculated by the
movement calculation unit 72 is out of a predetermined
range S, the warning unit 72b puts in the special video
image a warning sign for indicating that there is a possi-
bility of the occurrence of an error in calculation of the
oxygen saturation level. For example, when the signal
ratio R2/R1 is larger than the predetermined range S, as
shown in Fig. 6B, a warning sign "HIGH StO2 14b is put
in the special video image to indicate that "a calculated
oxygen saturation level is possibly higher than an actual
value". On the other hand, when the signal ratio R2/R1
is smaller than the predetermined range S, as shown in
Fig. 6C, a warning sign "LOW StO2" 14c is put in the
special video image to indicate that "a calculated oxygen
saturation level is possibly lower than an actual value".
Note that, the warning signs about the oxygen saturation
level and the artifact may be displayed at the same time
on the monitor 14.
[0044] The reason why the error in calculation of the
oxygen saturation level varies depending on the signal
ratio R2/R1 is as follows. In the special mode, when the
head assembly 19 gets near to the internal body portion,
the size of an object becomes larger in the second frame
image than that in the first frame image due to optical
properties of the objective lens 58. In other words, the
distance between the head assembly 19 and the object
is shorter in the second frame image, so the amount of
light exposure is larger in the second frame image than
that in the first frame image. In this case, since the signal
ratio R2/R1 becomes larger than the predetermined
range S, the oxygen saturation level (correlates with
B1/G2) tends to be larger than the actual value.
[0045] On the contrary, when the head assembly 19 is
moved away from the internal body portion, the distance
between the head assembly 19 and the object is shorter
in the first frame image, so the amount of light exposure
is larger in the first frame image than that in the second
frame image. In this case, since the signal ratio R2/R1
becomes smaller than the predetermined range S, so the
oxygen saturation level tends to be smaller than the ac-
tual value.
[0046] As shown in Fig. 7, the image processing unit
73 includes a normal video image processor 80, a special
video image processor 81, and a still image processor
82. The image processing unit 73 applies predetermined
image processing to the image signal from the electronic
endoscope 12. The normal video image processor 80
applies the predetermined image processing to the im-
age signal obtained in the normal mode to produce a

normal video image.
[0047] The special video image processor 81 calcu-
lates the oxygen saturation level of blood based on the
image signal obtained in the special mode, and produces
a special video image (oxygen saturation video image)
in which the normal video image is artificially colored.
The special video image processor 81 includes a signal
ratio calculator 84, a correlation memory 85, an oxygen
saturation level calculator 86, and a video image gener-
ator 88.
[0048] The signal ratio calculator 84 calculates a signal
ratio B1/G2 between the blue signal B1 of the first frame
image and the green signal G2 of the second frame im-
age, and a signal ratio R2/G2 between the red signal R2
of the second frame image and the green signal G2 of
the second frame image. The signal ratio calculator 84
calculates the signal ratios with respect to the pixel situ-
ated in the same position. The signal ratios may be cal-
culated with respect to each and every pixel, or only in
pixels situated within a blood vessel area. In this case,
the blood vessel area is determined based on difference
in the image signal between the blood vessel area and
the other area.
[0049] The correlation memory 85 stores the correla-
tion among the signal ratios B1/G2 and R2/G2 and the
oxygen saturation level. As shown in Fig. 8, this correla-
tion takes the form of a two-dimensional table in which
contour lines representing the oxygen saturation level
are defined in two-dimensional space. The position and
shape of the contour lines are obtained by physical sim-
ulation of light scattering, and are variable in accordance
with blood volume. For example, variation in the blood
volume widens or narrows distance between the contour
lines. Note that, the signal ratios B1/G2 and R2/G2 are
depicted in log scale.
[0050] The correlation is closely related to the light ab-
sorbing property and light scattering property of oxygen-
ated hemoglobin and deoxygenated hemoglobin, as
shown in Fig. 9. In Fig. 9, a line 90 represents a light
absorption coefficient of the oxygenated hemoglobin,
and a line 91 represents a light absorption coefficient of
the deoxygenated hemoglobin. The use of a wavelength
of, for example, 473 nm at which the light absorption co-
efficient much differs between the oxygenated hemo-
globin and the deoxygenated hemoglobin allows the ob-
tainment of the oxygen saturation level. However, the
blue signal B1 that corresponds to the light of 473 nm is
highly dependent not only on the oxygen saturation level
but also on the blood volume. Therefore, the use of the
signal ratios B1/G2 and R2/G2, which are obtained from
the red signal R2 that is mainly dependent on the blood
volume and the green signal G2 being a reference signal
(standardization signal) of the blue signal B1 and the red
signal R2, in addition to the blue signal B1, allows the
obtainment of the oxygen saturation level with high ac-
curacy while eliminating the influence of the blood vol-
ume.
[0051] The correlation memory 85 also stores the cor-
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relation between the signal ratio R2/G2 and the blood
volume as shown in Fig. 10. This correlation takes the
form of a one-dimensional table in which the blood vol-
ume is increased with increase in the signal ratio R2/G2.
The correlation between the signal ratio R2/G2 and the
blood volume is used in calculation of the blood volume.
[0052] The following three items hold true according
to the dependence of the light absorption coefficient on
a wavelength:

(1) In the vicinity of a wavelength of 470 nm (for ex-
ample, the blue wavelength range having a center
wavelength of 470 nm 6 10 nm), the light absorption
coefficient largely varies in accordance with differ-
ence in the oxygen saturation level.
(2) In the green wavelength range between 540 and
580 nm, a mean value of the light absorption coeffi-
cient is insusceptible to the oxygen saturation level.
(3) In the red wavelength range between 590 and
700 nm, the light absorption coefficient seems to vary
largely in accordance with the oxygen saturation lev-
el, but in actual fact, is insusceptible to the oxygen
saturation level because a value of the light absorp-
tion coefficient is very small.

[0053] The reason why a signal value of the signal ratio
B1/G2 increases with increase in the signal ratio R2/G2,
in other words, why the contour line representing the ox-
ygen saturation level of 0% ascends slantly, as shown in
Fig. 8, is as follows. As described above, the blood vol-
ume increases with increase in the signal ratio R2/G2,
because of the correlation between the signal ratio R2/G2
and the blood volume. Out of the signals B1, G2, and R2,
a signal value of the green signal G2 decreases most
greatly with increase in the blood volume, and a signal
value of the blue signal B1 decreases next greatly. This
is because the light absorption coefficient is higher at a
wavelength range of 540 to 580 nm included in the green
signal G2 than that at a wavelength range of around 470
nm included in the blue signal B1 (see Fig. 9). Thus, as
for the signal ratio B1/G2, the signal value of the green
signal G2 decreases more greatly than the signal value
of the blue signal B1 with increase in the blood volume.
In other words, the signal ratio B1/G2 increases with in-
crease in the blood volume.
[0054] The oxygen saturation level calculator 86 cal-
culates the oxygen saturation level of each pixel with the
use of the correlations stored in the correlation memory
85 and the signal ratios B1/G2 and R2/G2 obtained by
the signal ratio calculator 84. As shown in Fig. 11, a point
P that corresponds to the signal ratios B1*/G2* and
R2*/G2* obtained by the signal ratio calculator 84 is de-
termined in the correlation stored in the correlation mem-
ory 85. When the point P is situated between a lower limit
line 93 representing an oxygen saturation level of 0%
and an upper limit line 94 representing an oxygen satu-
ration level of 100%, the point P indicates the percentile
of the oxygen saturation level. Taking Fig. 11 as an ex-

ample, the point P is situated in a contour line of 60%,
so the oxygen saturation level is 60%.
[0055] On the other hand, in a case where the point is
out of the range between the lower limit line 93 and the
upper limit line 94, when the point is situated above the
lower limit line 93, the oxygen saturation level is deter-
mined to be 0%. When the point is situated below the
upper limit line 94, the oxygen saturation level is deter-
mined to be 100%. Note that, in a case where the point
is out of the range between the lower limit line 93 and
the upper limit line 94, the oxygen saturation level of the
pixel is judged to be unreliable and may not be displayed
on the monitor 14.
[0056] The video image generator 88 produces the
special video image (oxygen saturation video image)
based on the oxygen saturation level obtained by the
oxygen saturation level calculator 86. The produced spe-
cial video image is displayed on the monitor 14. In the
special video image, for example, the entire normal video
image may be artificially colored with specific colors in
accordance with the degree of the oxygen saturation lev-
el. In another case, only a hypoxic area, which has the
oxygen saturation level lower than a predetermined val-
ue, may be artificially colored, while the other areas may
be displayed with normal colors (colors used in the nor-
mal video image).
[0057] The still image processor 82 carries out freeze
processing in which a video frame is stored in a still image
memory 74a as a still image at the moment of pressing
a freeze button 16b provided in the electronic endoscope
12. In the normal mode, out of the normal video image,
one or more video frames are stored as normal still im-
ages in the still image memory 74a by the freeze process-
ing.
[0058] In the special mode, on the other hand, the
freeze processing is carried out only when a movement
judging unit 82a judges that the movement M is a thresh-
old value or less. In the freeze processing, out of video
frames composing the special video image, one or more
video frames are stored as special still images in the still
image memory 74a. Only the video frames captured at
the moment when the movement M is equal to or less
than the threshold value are stored, as described above,
so it is possible to store only the images that have no or
little deviation. Note that, in a case where even if the
freeze button 16a is pressed, no freeze processing is
carried out because of the large movement M, the monitor
14 may display as such.
[0059] Next, the operation of the present invention will
be described with referring to a flowchart of Fig. 12. When
the endoscope system 10 is switched to the special mode
by operation of the mode switch 21 provided in the elec-
tronic endoscope 12, the first white light is applied to the
internal body portion. The image sensor 60 captures the
reflected first white light to obtain the image signal of the
first frame period. Thus, the first frame image including
the blue signal B1, the green signal G1, and the red signal
R1 is obtained.
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[0060] After that, the second white light is applied to
the internal body portion. The image sensor 60 captures
the reflected second white light to obtain the image signal
of the second frame period. Thus, the second frame im-
age including the blue signal B2, the green signal G2,
and the red signal R2 is obtained.
[0061] Then, the signal ratio calculator 84 calculates
the signal ratios B1/G2 and R2/G2 of each and every
pixel. The oxygen saturation level calculator 86 calcu-
lates the oxygen saturation level of each pixel, based on
the correlation stored in the correlation memory 85 and
the signal ratios B1/G2 and R2/G2. The special image is
produced based on the calculated oxygen saturation lev-
el. By displaying the produced special images in a se-
quential manner, the special video image is displayed on
the monitor 14.
[0062] Whenever the single video frame of the special
image is produced, the signal ratio R2/R1 between the
red signal R1 of the first frame image and the red signal
R2 of the second frame image is calculated. When the
movement M obtained by the signal ratio R2/R1 is more
than the threshold value, the warning sign "!!", which in-
dicates "there is a possibility of the occurrence of artifact",
is put in the special video image. When the signal ratio
R2/R1 is larger than the predetermined range S, the
warning sign "HIGH StO2 is put in the special video image
to indicate that "a calculated oxygen saturation level is
possibly higher than an actual value". On the other hand,
when the signal ratio R2/R1 is smaller than the predeter-
mined range S, the warning sign "LOW StO2" is put in
the special video image to indicate that "a calculated ox-
ygen saturation level is possibly lower than an actual val-
ue". The above operation sequence is repeated as long
as the endoscope system 10 stays in the special mode.
[0063] In the above embodiment, when the movement
M is more than the threshold value, the warning sign in-
dicating "there is a possibility of the occurrence of artifact"
is issued. Instead of or in addition to this, as shown in
Fig. 13, the special video image may be displayed in mon-
ochrome in a case where the movement M is more than
the threshold value or out of the predetermined range,
while the special video image may be displayed in color
in a case where the movement M is the threshold value
or less or within the predetermined range.
[0064] In the above embodiment, the phosphor 50 is
provided in the head assembly 19, but may be provided
in the light source device 11. In this case, the phosphor
50 is disposed between the laser source LD1 (473 nm)
and the optical fiber 24 and between the laser source
LD2 (445 nm) and the optical fiber 25.
[0065] In the above embodiment, the oxygen satura-
tion video image is used as an example of the special
video image. However, the present invention is applica-
ble to any image (NBI image and the like) that is com-
posed of a plurality of frame images obtained by a se-
quential method, including a frame sequential method
and a line sequential method.
[0066] In the above embodiment, the warning sign is

put in the special video image, but another type of infor-
mation such as text may be used as warning information.
For example, text of "there is a possibility of the occur-
rence of artifact" may be displayed in the video image.
To give a warning, a lamp provided on the monitor may
be turned on, instead of displaying the warning sign or
text in the video image.
[0067] Note that, the oxygen saturation level is imaged
in this embodiment. However, an oxygenated hemoglob-
in index calculated by "blood volume (the sum of oxygen-
ated hemoglobin and deoxygenated hemoglobin) x oxy-
gen saturation level (%)" or a deoxygenated hemoglobin
index calculated by "blood volume x (100 - oxygen sat-
uration level) (%)" may be imaged instead of or in addition
to the oxygen saturation level.
[0068] 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 (33) for sequentially applying
a plurality of types of illumination light having
different wavelength bands to an internal body
portion;
an image pickup means (34) for sequentially
capturing reflected light from said internal body
portion to obtain a plurality of frames of image
signals corresponding to said types of illumina-
tion light;
a video image generation means (88) for pro-
ducing an endoscopic image of one video frame
based on said plurality of frames of image sig-
nals, and sequentially outputting a plurality of
produced endoscopic images to produce an en-
doscopic video image;
a monitor means (14) for displaying said endo-
scopic video image; and
a warning means (72b) for issuing a warning,
when a signal ratio between at least two of said
image signals is out of a predetermined range.

2. The endoscope system (10) according to claim 1,
wherein said lighting means (33) emits first illumina-
tion light in a first frame period and second illumina-
tion light in a second frame period, and said first and
second illumination light has same spectral distribu-
tion in a specific wavelength range;
said image pickup means (34) obtains a first image
signal in said first frame period and a second image
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signal in said second frame period, with use of a
color image sensor (60) having a specific pixel hav-
ing a color filter for passing light in said specific wave-
length range; and
when a signal ratio between a first signal component
of said first image signal and a second signal com-
ponent of said second image signal is out of a pre-
determined range, said warning means (72b) issues
said warning,
wherein said first signal component refers to a com-
ponent of said first image signal outputted from said
specific pixel, and said second signal component re-
fers to a component of said second image signal
outputted from said specific pixel.

3. The endoscope system (10) according to claim 2,
wherein said first illumination light includes first blue
light in a narrow wavelength band and first green to
red light in a wide wavelength band, and said first
green to red light is obtained by wavelength conver-
sion of said first blue light using a wavelength con-
version element (50);
said second illumination light includes second blue
light in a narrow wavelength band and second green
to red light in a wide wavelength band, and said sec-
ond green to red light is obtained by said wavelength
conversion of said second blue light using said wave-
length conversion element (50), and a wavelength
of said first blue light is different from a wavelength
of said second blue light; and
said first and second illumination light has said same
spectral distribution in a red wavelength range.

4. The endoscope system (10) according to claim 3,
wherein said first and second blue light is emitted
from semiconductor light sources.

5. The endoscope system (10) according to one of
claims 1 to 4, wherein when said signal ratio is out
of a first numerical range, said warning means (72b)
issues a first warning about a body motion of said
internal body portion or a shake of an image sensor
(60).

6. The endoscope system (10) according to one of
claims 1 to 5, wherein
said endoscopic video image is an oxygen saturation
video image that images an oxygen saturation level
of blood; and
when said signal ratio is out of a second numerical
range, said warning means (72b) issues a second
warning about said oxygen saturation level.

7. The endoscope system (10) according to one of
claims 1 to 6, wherein said warning means (72b)
issues said warning by changing how to display said
endoscopic video image on said monitor means (14).

8. The endoscope system (10) according to one of
claims 1 to 6, wherein said warning means (72b)
issues said warning by displaying a warning sign
(14a, 14b, 14c) on said monitor means (14).

9. The endoscope system (10) according to claim 8,
wherein said warning sign (14a, 14b, 14c) is dis-
played on said monitor means (14) together with said
endoscopic video image.

10. The endoscope system (10) according to one of
claims 1 to 9, further comprising a still image record-
ing means (71) for storing one or more video frames
of said endoscopic images as still images in a still
image memory means (74a), when said signal ratio
is within said predetermined range.

11. A processor device (13) of an endoscope system
(10) having a lighting means (33) for sequentially
applying a plurality of types of illumination light hav-
ing different wavelength bands to an internal body
portion, an image pickup means (34) for sequentially
capturing reflected light from said internal body por-
tion to obtain a plurality of frames of image signals
corresponding to said types of illumination light, and
a monitor means (14), said processor device (13)
comprising:

a video image generation means (88) for pro-
ducing an endoscopic image of one video frame
based on said plurality of frames of image sig-
nals, and sequentially outputting a plurality of
produced endoscopic images to said monitor
means (14) to produce an endoscopic video im-
age; and
a warning means (72b) for issuing a warning,
when a signal ratio between at least two of said
image signals is out of a predetermined range.

12. A method for displaying an endoscopic video image
comprising the steps of:

sequentially applying a plurality of types of illu-
mination light having different wavelength bands
to an internal body portion;
sequentially capturing reflected light from said
internal body portion to obtain a plurality of
frames of image signals corresponding to said
types of illumination light;
producing an endoscopic image of one video
frame based on said plurality of frames of image
signals;
sequentially displaying on a monitor means (14)
as an endoscopic video image a plurality of said
endoscopic images produced by repetition of
said applying step, said capturing step, and said
producing step;
comparing a signal ratio between at least two of
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said image signals with a predetermined range;
and
issuing a warning, when said signal ratio is out
of said predetermined range.

13. The method according to claim 12, wherein said
warning (14a, 14b, 14c) is displayed on said monitor
means (14) together with said endoscopic video im-
age.
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