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age by performing spectral estimation processing on a
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calculation section 74 calculates the current oxygen sat-

uration based on the current endoscope image signal,
and calculates the past oxygen saturation based on the
spectral estimation image. An oxygen saturation image
generation section 80 generates a current oxygen satu-
rationimage based on the current oxygen saturation, and
generates a past oxygen saturation image based on the
past oxygen saturation. A monitor 18 displays the current
oxygen saturation image and the past oxygen saturation
image.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a processorde-
vice, an endoscope system, and an operation method
for an endoscope system for displaying a pastimage and
a current image simultaneously.

2. Description of the Related Art

[0002] In the medical field, it is common to perform
diagnosis using an endoscope system including a light
source device, an endoscope, and a processor device.
In the diagnosis using an endoscope system, in order to
observe the progress of the lesion, not only a current
image output from an endoscope, which is currently in-
serted into the subject, but also a past image obtained
during the past endoscope insertion is displayed (for ex-
ample, refer to JP2012-170774A).

SUMMARY OF THE INVENTION

[0003] When observing the progress of the lesion, if a
current or past image is a normal observation image ob-
tained using white light, it is difficult to understand a
change of the lesion from the normal observation image.
Therefore, a method can be considered in which the
change of the lesion can be easily understood by simul-
taneously displaying current and past oxygen saturation
images using the fact that the lesion, such as cancer, is
in a low oxygen state in which the oxygen saturation is
low, the current and past oxygen saturation images ex-
pressing the oxygen state of the lesion with a pseudo-
color.

[0004] Here, a case is assumed in which a primary
examination using an endoscope is performed in a clinic
or a community hospital where an endoscope having an
oxygen saturation measurement function is not provided
and a subsequent second examination is performed in a
large-scale hospital where an endoscope having an ox-
ygen saturation measurement functionis provided. In this
case, since an image (past image) used in the primary
examination is assumed to be mostly a normal observa-
tion image, it is difficult to display the current and past
oxygen saturation images simultaneously when observ-
ing the progress of the lesion at the time of secondary
examination. For this reason, there is a demand for dis-
playing the current and past oxygen saturation images
simultaneously even if the past image is an image other
than an oxygen saturation image, such as a normal ob-
servation image.

[0005] Itis an object of the invention to provide a proc-
essor device, an endoscope system, and an operation
method for an endoscope system for displaying current
and past oxygen saturation images simultaneously even
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if the past image is an image other than an oxygen sat-
uration image, such as a normal observation image.
[0006] In order to achieve the aforementioned object,
a processor device of the invention generates a spectral
estimation image from a normal observation image and
calculates a first oxygen saturation from the spectral es-
timation image. A spectral estimation image is generated
from a normal observation image, a first oxygen satura-
tion is calculated from the spectral estimation image, and
afirst oxygen saturation image is generated from the first
oxygen saturation.

[0007] An endoscope system of the invention includes
the processor device of the invention described above,
and the first oxygen saturation image and a second ox-
ygen saturation image based on a second oxygen satu-
ration are displayed. It is preferable that the second ox-
ygen saturation be an oxygen saturation calculated
based on a different image from an image used to cal-
culate the first oxygen saturation, for example.

[0008] Itis preferable to further include a comparison
unit that compares the first oxygen saturation with the
second oxygen saturation. It is preferable to further in-
clude an oxygen saturation correction unit that corrects
at least one of the first and second oxygen saturations
based on a comparison result of the comparison unit. It
is preferable that the oxygen saturation correction unit
correct at least one of the first and second oxygen satu-
rations using gain processing and/or shift processing for
oxygen saturation correction. It is preferable to further
include a determination unit that determines whether or
not to correct at least one of the first and second oxygen
saturations based on a comparison result of the compar-
ison unit. It is preferable to further include a coefficient
correction unit that corrects a matrix coefficient based on
a comparison result of the comparison unit, the matrix
coefficient being used to generate the spectral estimation
image.

[0009] It is preferable to further include: a display
processing unit that performs display processing for dis-
playing a specific range and a range outside the specific
range in different display methods in the first oxygen sat-
uration image and displaying a specific range and arange
outside the specific range in different display methods in
the second oxygen saturation image, the first oxygen sat-
uration in the specific range of the first oxygen saturation
image being set in advance and the second oxygen sat-
uration in the specific range of the second oxygen satu-
ration image being set in advance; and a boundary value
correction unit that corrects a boundary value of the spe-
cific range based on a comparison result of the compar-
ison unit.

[0010] Itis preferable to further include a feature point
extraction unit that extracts feature points from the nor-
mal observation image and extracts feature points from
a specific image used to calculate the second oxygen
saturation, and the comparison unit is preferably a first
comparison unit that compares an oxygen saturation of
afirstfeature pointamong the feature points of the normal
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observation image with an oxygen saturation of a second
feature point among the feature points of the specific im-
age or among feature points of an oxygen saturation nu-
merical image, the second feature point having the same
feature quantity as the first feature point. It is preferable
to further include a feature point extraction unit that ex-
tracts feature points from the normal observation image
and extracts feature points from an oxygen saturation
numerical image having numerical information of the sec-
ond oxygen saturation for each pixel, and the comparison
unit is preferably a first comparison unit that compares
an oxygen saturation of a first feature point among the
feature points of the normal observation image with an
oxygen saturation of a second feature point among the
feature points of the oxygen saturation numerical image,
the second feature pointhaving the same feature quantity
as the first feature point.

[0011] Itis preferable that the first comparison unit per-
form the comparison based on a difference between the
oxygen saturation of the first feature pointand the oxygen
saturation of the second feature point. Itis preferable that
the comparison unit be a second comparison unit that
compares a distribution of the first oxygen saturation with
a distribution of the second oxygen saturation. It is pref-
erable to further include a difference image generation
unit that generates a difference image by imaging a dif-
ference between the first and second oxygen saturations
or a difference between the first and second oxygen sat-
uration images, and the difference image is preferably
displayed.

[0012] An operation method for an endoscope system
of the invention includes: a step of generating a spectral
estimation image by performing spectral estimation
processing on anormal observation image with a spectral
estimation unit; a step of calculating a first oxygen satu-
ration based on the spectral estimation image with an
oxygen saturation calculation unit; a step of generating
a first oxygen saturation image from the first oxygen sat-
uration, calculating a second oxygen saturation from spe-
cific image information that is different from an image
used to calculate the first oxygen saturation, and gener-
ating a second oxygen saturation image from the second
oxygen saturation with an oxygen saturation image gen-
eration unit; and a step of displaying the first oxygen sat-
uration image and the second oxygen saturation image
with a display unit.

[0013] According to the endoscope system, the proc-
essor device, and the operation method for an endo-
scope system of the invention, it is possible to display
the current and past oxygen saturation images simulta-
neously even if the pastimage is an image other than an
oxygen saturation image, such as a normal observation
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]
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Fig. 1 is an external view of an endoscope system.
Fig. 2 is a block diagram of an endoscope system
according to a first embodiment.

Fig. 3 is a graph showing the spectrum of light emit-
ted in a normal observation mode.

Fig. 4 is a graph showing the spectrum of light emit-
ted in a special observation mode.

Fig. 5 is a graph showing the spectral transmittance
of an RGB color filter.

Fig. 6is an explanatory diagram showing the imaging
control in the normal observation mode when a sen-
sor is a CCD.

Fig. 7 is an explanatory diagram showing the imaging
control in the special observation mode when a sen-
sor is a CCD.

Fig. 8 is a block diagram of a special observation
image processing unit of the first embodiment.

Fig. 9 is a graph showing the correlation between
the signal ratio and the oxygen saturation.

Fig. 10 is an explanatory view showing an oxygen
saturation calculation method.

Fig. 11is anexplanatory view showing afeature point
extraction method.

Fig. 12 is a flowchart showing a series of flow in the
first embodiment.

Fig. 13 is a diagram showing an image on a monitor
in which a current oxygen saturation image and a
past oxygen saturation image are simultaneously
displayed.

Fig. 14 is a block diagram of a special observation
image processing unit of a second embodiment.
Fig. 15 is a block diagram of a special observation
image processing unit of a third embodiment.

Fig. 16 is a block diagram of a special observation
image processing unit in a modification of the first to
third embodiments.

Fig. 17 is a block diagram of a special observation
image processing unit of a fourth embodiment.

Fig. 18 is a block diagram of a special observation
image processing unit of a fifth embodiment.

Fig. 19 is a block diagram of an LED type endoscope
system.

Fig. 20 is a graph showing the light emission band
of an LED and the characteristics of an HPF.

Fig. 21 is an explanatory diagram showing the im-
aging control in the normal observation mode in the
LED type endoscope system.

Fig. 22 is an explanatory diagram showing the im-
aging control in the special observation mode in the
LED type endoscope system.

Fig. 23 is a block diagram of a rotary filter type en-
doscope system.

Fig. 24 is a plan view of a rotary filter.

Fig. 25 is an explanatory diagram showing the im-
aging control in the normal observation mode when
a sensor is a CMOS.

Fig. 26 is an explanatory diagram showing the im-
aging control in the special observation mode when
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a sensor is a CMOS.

Fig. 27 is a block diagram of a special observation
image processing unit including a difference image
generation section.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[First embodiment]

[0015] As shown in Fig. 1, an endoscope system 10
according to a first embodiment includes an endoscope
12, a light source device 14, a processor device 16, a
monitor 18 (display unit), and a console 20. The endo-
scope 12 is optically connected to the light source device
14 and electrically connected to the processor device 16
through a universal cord 17. The endoscope 12 includes
an insertion portion 21 that is inserted into a subject, an
operating portion 22 provided at the base end of the in-
sertion portion 21, and a bending portion 23 and a distal
portion 24 that are provided at the distal side of the in-
sertion portion 21. By operating an angle knob 22a of the
operating portion 22, the bending portion 23 is bent. The
distal portion 24 can be directed in a desired direction by
the bending operation.

[0016] In addition to the angle knob 22a, a mode se-
lector SW 22b, a zoom operation portion 22c, and a
freeze button (not shown) for saving a still image are
provided in the operating portion 22. The mode selector
SW 22b is used for a switching operation between two
modes of a normal observation mode and a special ob-
servation mode. The normal observation mode is a mode
in which a normal observation image obtained by full-
color imaging of an observation target in the subject is
displayed on the monitor 18. The special observation
mode is a mode in which an oxygen saturation image
obtained by imaging of the oxygen saturation of blood
hemoglobin of the observation target is displayed on the
monitor 18.

[0017] In the normal observation mode or the special
observation mode, either a one-image display mode in
which only a current image output from the endoscope
12 that is currently inserted into the subject is displayed
on the monitor 18 or a two-image display mode in which
a current image and a past image, which was obtained
during the past endoscope insertion, are simultaneously
displayed can be set by using the console 20. The zoom
operation portion 22c is used for a zooming operation for
driving a zoom lens 47 (refer to Fig. 2) in the endoscope
12 to magnify the observation target.

[0018] The processor device 16 is electrically connect-
ed to the monitor 18 and the console 20. The monitor 18
displays an image, such as a normal observation image
oran oxygen saturationimage, and information regarding
the image. The console 20 functions as a user interface
(UI) for receiving an input operation, such as a function
setting.

[0019] As shown in Fig. 2, the light source device 14
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includes, as light emitting sources, a first blue laser light
source (473 LD (laser diode)) 34 that emits first blue laser
light having a center wavelength of 473 nm and a second
blue laser light source (445 LD) 36 that emits second
blue laser light having a center wavelength of 445 nm.
The emission of the light source devices 34 and 36 is
separately controlled by a light source control unit 40.
Forthisreason, the light intensity ratio between light emit-
ted from the first blue laser light source 34 and light emit-
ted from the second blue laser light source 36 can be
freely changed.

[0020] The lightsource control unit40 turns on the sec-
ond blue laser light source 36 in the normal observation
mode. On the other hand, in the special observation
mode, the light source control unit 40 turns on the first
blue laser light source 34 and the second blue laser light
source 36 alternately. In addition, it is preferable that the
half-width of each of the first and second blue laser light
beams be set to about =10 nm. As the first blue laser
light source 34 and the second blue laser light source
36, a broad area type InGaN-based laser diode can be
used, or an InGaNAs-based laser diode or a GaNAs-
based laser diode can be used. In addition, as the light
sources, it is possible to use a structure using a light
emitter, such as a light emitting diode.

[0021] The first and second blue laser light beams
emitted from the light sources 34 and 36 are incident on
a light guide (LG) 41 through optical members, such as
a condensing lens, an optical fiber, and a multiplexer
(none are shown). The light guide 41 is built into the en-
doscope 12 and the universal cord 17. The light guide
41 causes the first and second blue laser light beams to
propagate from the light sources 34 and 36 to the distal
portion 24 of the endoscope 12 therethrough. As the light
guide 41, amulti-mode fiber can be used. As an example,
it is possible to use a small-diameter fiber cable having
a diameter of $0.3 mm to ¢0.5 mm that includes a core
with a diameter of 105 pm, a cladding with a diameter of
125 wm, and a protective layer as an outer skin.

[0022] The distal portion 24 of the endoscope 12 in-
cludes an illumination optical system 24a and an imaging
optical system 24b. A phosphor 44 and an illumination
lens 45 are provided in the illumination optical system
24a. The first and second blue laser light beams are in-
cident on the phosphor 44 from the light guide 41. The
phosphor 44 emits fluorescence due to the first or second
blue laser light emitted thereto. Some of the first or sec-
ond blue laser light beams are transmitted through the
phosphor 44. The light emitted from the phosphor 44 is
emitted to the observation target through the illumination
lens 45.

[0023] In the normal observation mode, the second
blue laser light is incident on the phosphor 44. Accord-
ingly, white light having a spectrum shown in Fig. 3 (sec-
ond white light) is emitted to the observation target as
illumination light. The second white light is configured to
include second blue laser light and second fluorescence
of green to red that is excited and emitted from the phos-
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phor 44 by the second blue laser light. Accordingly, the
wavelength range of the second white light is the entire
visible light region.

[0024] On the other hand, in the special observation
mode, the first blue laser light and the second blue laser
light are alternately incident on the phosphor 44. There-
fore, first white light and second white light having the
spectrums shown in Fig. 4 are alternately emitted to the
observation target. The first white light is configured to
include first blue laser light and first fluorescence of green
to red that is excited and emitted from the phosphor 44
by the first blue laser light. Accordingly, the wavelength
range of the first white lightis the entire visible light region.
The second white light is the same as the second white
light emitted in the normal observation mode.

[0025] The first fluorescence and the second fluores-
cence have almost the same waveform (shape of the
spectrum), and the ratio between the intensity (11(1)) of
the first fluorescence and the intensity (12(1)) of the sec-
ond fluorescence (hereinafter, referred to as an inter-
frame intensity ratio) is the same at any wavelength i.
For example, itis 12(A1)/11(A1) = 12(12)/11(A2). Since the
inter-frame intensity ratio 12).)/11(A) affects the calculation
accuracy of the oxygen saturation, the inter-frame inten-
sity ratio 12(1)/11()) is accurately controlled by the light
source control unit 40 such that the intensity ratio be-
tween reference frames set in advance is maintained.
[0026] As the phosphor 44, it is preferable to use a
phosphor that absorbs some of the first and second blue
laserlight beams and includes a plurality of kinds of phos-
phors (for example, a YAG-based phosphor or a phos-
phor, such as BAM (BaMgAl;(O47)) that are excited to
emit green to red light beams. If a semiconductor light
emitting element is used as a light source for exciting the
phosphor 44 as in the present embodiment, it is possible
to obtain high-intensity first and second white light beams
with high luminous efficiency. In addition, it is possible to
easily adjust the intensity of the white light and to sup-
press changes in color temperature and chromaticity.
[0027] The imaging optical system 24b of the endo-
scope 12 includes an imaging lens 46, the zoom lens 47,
and a sensor 48 (refer to Fig. 2). Reflected light from the
observation target is incident on the sensor 48 through
the imaging lens 46 and the zoom lens 47. Then, a re-
flected image of the observation target is formed on the
sensor 48. The zoom lens 47 is moved between the tele
end and the wide end by operating the zoom operation
portion 22c. When the zoom lens 47 is moved to the tele
end side, the reflected image of the observation target is
magnified. On the other hand, when the zoom lens 47 is
moved to the wide end side, the reflected image of the
observation target is reduced. In addition, when magni-
fied observation is not performed (at the time of non-
magnified observation), the zoom lens 47 is disposed at
the wide end. When performing magnified observation,
the zoom lens 47 is moved from the wide end to the tele
end side by operating the zoom operation portion 22c.
[0028] The sensor 48 is a color imaging device, and
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captures a reflected image of the observation target and
outputs the image signal. The sensor 48 is a charge cou-
pled device (CCD) image sensor. In addition, the sensor
48 includes RGB pixels in which RGB color filters are
provided on the imaging surface, and outputs image sig-
nals of three colors of R, G, and B by performing photo-
electric conversion with the pixels of respective colors of
RGB.

[0029] As shownin Fig. 5, the B color filter has a spec-
tral transmittance of 380 nm to 560 nm, the G color filter
has a spectral transmittance of 450 nm to 630 nm, and
the R color filter has a spectral transmittance of 580 nm
to 760 nm. Accordingly, when the second white light is
emitted to the observation target in the normal observa-
tion mode, the second blue laser light and some of green
components of the second fluorescence are incident on
the B pixel, some of green components of the second
fluorescence are incident on the G pixel, and red com-
ponents of the second fluorescence are incident on the
R pixel. However, since the emission intensity of the sec-
ond blue laser light is significantly larger than that of the
second fluorescence, most of the B image signal output
from the B pixel is occupied by the reflected light com-
ponents of the second blue laser light.

[0030] On the other hand, when the first white light is
emitted to the observation target in the special observa-
tion mode, the first blue laser light and some of green
components of the first fluorescence are incident on the
B pixel, some of green components of the first fluores-
cence are incident on the G pixel, and red components
of the first fluorescence are incident on the R pixel. How-
ever, since the emission intensity of the first blue laser
light is significantly larger than that of the first fluores-
cence, most of the B image signal is occupied by the
reflected light components of the first blue laser light.
Lightincidence componentsin the respective RGB pixels
when the second white light is emitted to the observation
target in the special observation mode are the same as
those in the normal observation mode.

[0031] Asthe sensor 48, itis also possible to use a so-
called complementary colorimage sensor including com-
plementary color filters of C (cyan), M (magenta), Y (yel-
low), and G (green) on the imaging surface. When using
the complementary colorimage sensor as the sensor 48,
a color converter that performs color conversion from im-
age signals of four colors of CMYG to image signals of
three colors of RGB is preferably provided in the endo-
scope 12, the light source device 14, or the processor
device 16. In this manner, even when complementary
color image sensors are used, it is possible to obtain the
image signals of three colors of RGB from the image
signals of four colors of CMYG by color conversion.
[0032] An imaging control unit 49 performs imaging
control of the sensor 48. As shown in Fig. 6, in the normal
observation mode, an observation target illuminated by
the second white light is imaged by the sensor 48 every
period of one frame (hereinafter, simply referred to as
oneframe). Then, the RGB image signals are outputfrom
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the sensor 48 for each frame. The RGB image signals
are used for the generation of a normal observation im-
age. In the present embodiment, the sensor 48 is a CCD
image sensor. Accordingly, one frame is a period of the
length from the end (time T,) of a charge accumulation
period (also referred to as an exposure period) to the end
of the next charge accumulation period (time Tg), for ex-
ample. In addition, since the sensor 48 is a CCD image
sensor, one frame is divided into a reading period and a
charge accumulation period in Fig. 6. However, the ap-
proximately entire one frame can be set as a charge ac-
cumulation period, and signal charges accumulated in
the previous frame can also be read during the accumu-
lation of signal charges. The imaging control unit 49 also
performs control, such as the adjustment of the length of
the charge accumulation period.

[0033] Also in the special observation mode, the im-
aging control unit 49 performs imaging control of the sen-
sor 48 in the same manner as in the normal observation
mode. However, in the special observation mode, the
first white light and the second white light are alternately
emitted to the observation target in synchronization with
the imaging frame of the sensor 48. Therefore, as shown
in Fig. 7, the sensor 48 reads signal charges, which are
obtained by imaging the observation target under the first
white light, in the reading period of the first frame, and
outputs the image signals of RGB colors. Then, the sen-
sor 48 reads signal charges, which are obtained by im-
aging the observation target under the second white light,
in the reading period of the second frame, and outputs
the image signals of RGB colors. The RGB image signals
of two frames are used for the calculation of the oxygen
saturation and the generation of an oxygen saturation
image.

[0034] The sensor 48 outputs the image signals of
RGB colors in both the first and second frames. However,
the spectrum of white light in the first frame and the spec-
trum of white light in the second frame are different.
Therefore, for the sake of distinction, the image signals
of RGB colors that the sensor 48 outputs in the first frame
are referred to as an R1image signal, a G1 image signal,
and a B1 image signal, and the image signals of RGB
colors that the sensor 48 outputs in the second frame are
referred to as an R2 image signal, a G2 image signal,
and a B2 image signal.

[0035] As shown in Fig. 2, the image signals of the
respective colors output from the sensor 48 are transmit-
ted to a correlated double sampling (CDS)/automatic
gain control (AGC) circuit 50. The CDS/AGC circuit 50
performs correlated double sampling (CDS) or automatic
gain control (AGC) for the analog image signals output
from the sensor 48. The image signals transmitted
through the CDS/AGC circuit 50 are converted into digital
image signals by an A/D converter 52. The image signals
that have been digitized in this manner are input to the
processor device 16.

[0036] The processor device 16 includes a receiving
unit 54, a digital signal processor (DSP) 56, a noise re-
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moval unit 58, a signal conversion unit 59, an endoscope
image input unit 60, a past endoscope image storage
unit 61, a normal observation image processing unit 62,
a special observation image processing unit 64, and an
image display signal generation unit 66. The receiving
unit 54 receives the image signal input from the endo-
scope 12.

[0037] The DSP 56 performs various kinds of signal
processing, such as defect correction processing, offset
processing, gain correction processing, linear matrix
processing, gamma conversion processing, demosaic
processing, and YC conversion processing, on the re-
ceived image signal. In the defect correction processing,
the signal of the defective pixel of the sensor 48 is cor-
rected. In the offset processing, a dark current compo-
nent is removed from the image signal subjected to the
defect correction processing, and the exact zero level is
set. In the gain correction processing, the signal level of
each image signal is adjusted by multiplying each of the
RGB image signals after the offset processing by a spe-
cific gain. Linear matrix processing for increasing color
reproducibility is performed on the image signal of each
color after the gain correction processing.

[0038] Then, the brightness or saturation of each im-
age signal is adjusted by gamma conversion processing.
Demosaic processing (also referred to as isotropic
processing or synchronization processing) is performed
on the image signal after the linear matrix processing,
and the signal of missing color of each pixel is generated
by interpolation. Although only a signal of one color of
RGB is present in each pixel before demosaic process-
ing, all pixels have signals of RGB colors through the
demosaic processing. The signal conversion unit 59 per-
forms YC conversion processing on each image signal
after the demosaic processing, and outputs a brightness
signal Y and color difference signals Cb and Cr to the
noise removal unit 58.

[0039] The noise removal unit 58 performs noise re-
moval processing using, for example, a moving average
method or a median filter method on the image signal
subjected to the demosaic processing or the like by the
DSP 56. The image signals after noise has beenremoved
are input to the signal conversion unit 59. The signal con-
version unit 59 reconverts the brightness signal Y and
the color difference signals Cb and Cr into RGB image
signals, and inputs the RGB image signals after recon-
version to the endoscope image input unit 60.

[0040] When the mode selector SW 22b is set to the
normal observation mode, the image processing switch-
ing unit 60 inputs the image signals to the normal obser-
vationimage processing unit62. On the other hand, when
the observation mode selector SW 22b is set to the spe-
cial observation mode, the image processing switching
unit60 inputs the image signals to the special observation
image processing unit 64. Here, the image signals input
to the normal observation image processing unit 62 or
the special observation image processing unit 64 are im-
age signals outputfrom the endoscope 12 thatis currently
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inserted into the subject. Accordingly, the image signals
input to the normal observation image processing unit 62
or the special observation image processing unit 64 are
assumed to be current endoscope image signals. In ad-
dition, an image signal input to the special observation
image processing unit 64 among the current endoscope
image signals is used for the calculation of the oxygen
saturation.

[0041] The past endoscope image storage unit 61
stores a past endoscope image signal that was obtained
during the past endoscope insertion and is different from
a signal for oxygen saturation calculation. The past en-
doscope image storage unit 61 outputs the past endo-
scope image signal to the special observation image
processing unit 64 in response to the input of a simulta-
neous display instruction signal for simultaneous display
of the current and past oxygen saturation images. The
simultaneous display instruction signal is transmitted ac-
cording to the operation of the console 20. Here, "during
the past endoscope insertion" refers to "during the en-
doscope insertion in a primary examination that is per-
formed in a clinic or a community hospital where an en-
doscope having an oxygen saturation measurement
function is not provided", for example. On the other hand,
"during the current endoscope insertion" refers to "during
the endoscope insertion in a secondary examination that
is performed after the primary examination in a large-
scale hospital where an endoscope having an oxygen
saturation measurement function is provided", for exam-
ple.

[0042] The past endoscope image signals include im-
age signals of three colors of a B (blue) pastimage signal,
a G (green) pastimage signal, and an R (red) pastimage
signal. As the past endoscope image signals, for exam-
ple, not only an image signal of a normal observation
image obtained by emitting white light ranging from blue
to red but also an image signal of a narrowband image
obtained by emitting narrowband light having a specific
wavelength and animage signal of a fluorescence image
obtained by receiving the auto-fluorescence or drug flu-
orescence can be mentioned. In addition, the past endo-
scope image signals are input not only to an image input
and output unit (not shown) provided in the processor
device 16 but also to the past endoscope image storage
unit 61 through various networks, such as a LAN.
[0043] The normal observation image processing unit
62 performs color conversion processing, such as 3 x 3
matrix processing, gradation conversion processing, and
three-dimensional LUT processing, on each of the input
image signals of RGB of one frame. Not only various
kinds of color enhancement processing but also structure
enhancement processing, such as spatial frequency en-
hancement, is performed on the RGB image signals sub-
jected to the color conversion processing. The RGB im-
age signals subjected to the structure enhancement
processing or the like are input to the image display signal
generation unit 66 as a normal observation image.
[0044] The special observation image processing unit
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64 generates a current oxygen saturation image based
on the current endoscope image signal output from the
endoscope image input unit 60, and generates a past
oxygen saturation image based on the past endoscope
image signal output from the past endoscope image stor-
age unit 61. The current oxygen saturation image and
the past oxygen saturation image are input to the image
display signal generation unit 66.

[0045] The image display signal generation unit 66
converts the normal observation image or the current or
past oxygen saturation image into a display format signal
(display image signal), and inputs the display format sig-
nal to the monitor 18. The monitor 18 displays a prede-
termined image according to the input display format sig-
nal.

[0046] As shown in Fig. 8, the special observation im-
age processing unit 64 includes a spectral estimation
section 70, a signal ratio calculation section 72, an oxy-
gen saturation calculation section 74, a feature point ex-
traction section 76, a first comparison section 78, an ox-
ygen saturation correction section 80, and an oxygen sat-
uration image generation section 82.

[0047] A past endoscope image signal from the past
endoscope image storage unit 61 is input to the spectral
estimation section 70. The spectral estimation section 70
generates a spectral estimation image by performing
spectral estimation processing on the past endoscope
image signal. The spectral estimation image is config-
uredtoinclude a B spectral estimation signal correspond-
ing to the wavelength band Ab of the first blue laser light,
a G spectral estimation signal corresponding to the wave-
length band Lg incidenton the G pixel of the second white
light, and an R spectral estimation signal corresponding
to the wavelength band Ar incident on the R pixel of the
second white light.

[0048] The spectral estimation processing is per-
formed by matrix processing based on the following Ex-
pression (1). Details of the spectral estimation processing
are disclosed in JP2003-93336A.

Rs k12 k12 K13\ Rp
Gs |=| k21 k22 k23| Gp (1)
Bs) k31 k32 k33 )\ Bp

[0049] Here,inExpression(1),"Rp"indicatesanR past

image signal of the past endoscope image signal, "Gp"
indicates a G past image signal of the past endoscope
image signal, and "Bp" indicates a B past image signal
of the past endoscope image signal. In addition, "Rs"
indicates an R spectral estimation signal of the spectral
estimation image, "Gs" indicates a G spectral estimation
signal of the spectral estimation image, and "Bs" indi-
cates a B spectral estimation image of the spectral esti-
mation image. In addition, "k11, k12, k13" are matrix co-
efficients corresponding to the wavelength band ir, "k21,
k22, k23" are matrix coefficients corresponding to the
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wavelength band Ag, and "k31, k32, k33" are matrix co-
efficients corresponding to the wavelength band Ab.
[0050] Among the current endoscope image signals of
two frames from the endoscope image input unit 60, the
B1 image signal, the G2 image signal, and the R2 image
signal (image signal of a specific image) are input to the
signal ratio calculation section 72. In addition, the B spec-
tral estimation signal, the G spectral estimation signal,
and the R spectral estimation signal obtained by the spec-
tral estimation section 70 are input to the signal ratio cal-
culation section 72. The signal ratio calculation section
72 calculates a signal ratio B/G between the B1 image
signal and the G2 image signal and a signal ratio R/G
between the G2 image signal and the R2 image signal
for each pixel. The signal ratios B/G and R/G obtained
from the B1 image signal, the G2 image signal, and the
R2image signal are used for the calculation of the oxygen
saturation (current oxygen saturation) of the observation
target observed during the current endoscope insertion.
Accordingly, the signal ratios B/G and R/G obtained from
the B1 image signal, the G2 image signal, and the R2
image signal are assumed to be the signal ratios B/G and
R/G for current oxygen saturation calculation.

[0051] In addition, the signal ratio calculation section
72 calculates a signal ratio B/G between the B spectral
estimation signal and the G spectral estimation signal
and a signal ratio R/G between the G spectral estimation
signal and the R spectral estimation signals for each pix-
el. The signal ratios B/G and R/G obtained from the B
spectral estimation signal, the G spectral estimation sig-
nal, and the R spectral estimation signal are used for the
calculation of the oxygen saturation (past oxygen satu-
ration) of the observation target observed during the past
endoscope insertion. Accordingly, the signal ratios B/G
and R/G obtained from the B spectral estimation signal,
the G spectral estimation signal, and the R spectral es-
timation signal are assumed to be the signal ratios B/G
and R/G for past oxygen saturation calculation.

[0052] The oxygen saturation calculation section 74
calculates the current oxygen saturation (second oxygen
saturation) based on the signal ratios B/G and R/G for
current oxygen saturation calculation and calculates the
past oxygen saturation (first oxygen saturation) based
on the signal ratios B/G and R/G for past oxygen satu-
ration calculation. The oxygen saturation calculation sec-
tion 74 stores a correlation between the signal ratios B/G
and R/G and the oxygen saturation, and calculates the
current oxygen saturation or the past oxygen saturation
with reference to the correlation.

[0053] Forthe above correlation, when the relationship
between the signal ratios B/G and R/G and the oxygen
saturation is expressed on two-dimensional color space
(vertical axis: signalratio B/G, horizontal axis: signal ratio
R/G), an isoline EL having approximately the same oxy-
gen saturation extends along the horizontal axis direc-
tion, and the isoline EL is shifted in the positive direction
of the vertical axis as the oxygen saturation becomes
low, as shown in Fig. 9. In addition, the position and shape
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of each isoline for the signal ratios B/G and R/G are ob-
tained in advance by physical simulation of light scatter-
ing, and the distance between isolines changes accord-
ing to the signal ratio R/G (signal ratio R/G greatly chang-
es with the blood volume). In addition, the correlation
between the signal ratios B/G and R/G and the oxygen
saturation is stored in a log scale.

[0054] The oxygen saturation calculation section 74
calculates an oxygen saturation corresponding to the sig-
nal ratios B/G and R/G for current oxygen saturation cal-
culation that have been calculated by the signal ratio cal-
culation section 72, as the current oxygen saturation, for
each pixel with reference to the above correlation stored
in advance. For example, when the signal ratios B/G and
R/G in a specific pixel are B*/G* and R*/G*, respectively,
the oxygen saturation corresponding to the signal ratios
B*/G* and R*/G* is "60%" when the correlation shown in
Fig. 10 is referred to. Accordingly, the oxygen saturation
calculation section 74 calculates the oxygen saturation
of the pixel as "60%". In addition, the past oxygen satu-
ration is also calculated in the same manner as the cur-
rent oxygen saturation. The current or past oxygen sat-
uration calculated by the oxygen saturation calculation
section 74 is transmitted to the first comparison section
78.

[0055] In addition, a case where the signal ratios B/G
and R/G become extremely large or extremely small
hardly occurs. That is, a case hardly occurs in which the
value of the signal ratio B/G or the signal ratio R/G ex-
ceeds a lower limit isoline 83 of the oxygen saturation of
0% or on the contrary becomes lower than an upper limit
isoline 84 of the oxygen saturation of 100%. Here, the
oxygen saturation calculation section 74 sets the oxygen
saturation to 0% when the calculated oxygen saturation
is lower than the lower limit isoline 83, and sets the oxy-
gen saturation to 100% when the calculated oxygen sat-
uration exceeds the upper limit isoline 84. In addition,
when a point corresponding to the signal ratios B/G and
R/G deviates from a region between the lower limitisoline
83 and the upper limit isoline 84, display showing that
the reliability of the oxygen saturation in the pixel is low
may be performed, or the oxygen saturation may not be
calculated.

[0056] The feature point extraction section 76 extracts
feature points having the same feature quantity (or ap-
proximately the same feature quantity) in the current en-
doscope image signal and the past endoscope image
signal. As shown in Fig. 11, first, a feature quantity is
extracted from each of the current endoscope image sig-
nal and the past endoscope image signal. Examples of
the extracted feature quantity include a contrast differ-
ence between the blood vessel and the mucous mem-
brane and the edge strength of a blood vessel running
pattern. Then, the alignment of the current endoscope
image signal and the past endoscope image signal is
performed such that the feature quantities match be-
tween the current endoscope image signal and the past
endoscope image signal. Then, between the current en-
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doscope image signal and the past endoscope image
signal after the alignment, pixel regions having the same
or approximately the same feature quantity are extracted
as feature points. Information regarding the feature
points of the current and past endoscope image signals
is transmitted to the first comparison section 78. In addi-
tion to automatically extracting the feature point by the
feature point extraction section 76, the feature point may
be extracted in response to the instruction of the user
(for example, a doctor who is a user may extract a region
ofinterest as a feature pointby operating the console 20).
[0057] The first comparison section 78 compares the
oxygen saturation of a first feature point having a specific
feature quantity among the feature points on the current
endoscope image signal with the oxygen saturation of a
second feature point having the same feature quantity
as the first feature point among the feature points on the
past endoscope image signal. The first comparison sec-
tion 78 performs the above comparison based on the
difference between the oxygen saturation of the first fea-
ture point and the oxygen saturation of the second feature
point (difference in oxygen saturation between the fea-
ture points). Information regarding the difference in oxy-
gen saturation between the feature points and informa-
tion regarding the current and past oxygen saturations
in each pixel are transmitted to the oxygen saturation
correction section 80. In addition to comparing the oxy-
gen saturation of the first feature point with the oxygen
saturation of the second feature point, the oxygen satu-
ration in a first region surrounded by a plurality of feature
points in the current endoscope image signal may be
compared with the oxygen saturation in a second region
corresponding to the first region in the past endoscope
image signal, or the oxygen saturation in a peripheral
region of the first feature point may be compared with
the oxygen saturation in a peripheral region of the second
feature point.

[0058] Based on the difference between the oxygen
saturations of the feature points of the current and past
endoscope image signals, the oxygen saturation correc-
tion section 80 performs correction so that the difference
between the current oxygen saturation and the past ox-
ygen saturation in each pixel is eliminated. For example,
when the difference in oxygen saturation between the
feature points is calculated by subtracting the oxygen
saturation of the second feature point from the oxygen
saturation of the first feature point, if the difference in
oxygen saturation between the feature points is "+5%",
shift processing for oxygen saturation correction for sub-
tracting "+5%" from the current oxygen saturation or shift
processing for adding "+5%" to the past oxygen satura-
tion is performed for each pixel. Other than the shift
processing, the correction may be realized by performing
gain processing for oxygen saturation correction, which
is processing for multiplying the current or past oxygen
saturation by the gain factor for oxygen saturation cor-
rection corresponding to the oxygen saturation between
feature points, for each pixel. In addition, the correction
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of the current or past oxygen saturation may be repeat-
edly performed until the difference between the current
oxygen saturation and the past oxygen saturation is elim-
inated (becomes approximately "0"). In addition, the ox-
ygen saturation correction section 80 may correct the
current oxygen saturation and the past oxygen saturation
by combining the shift processing and the gain process-
ing for oxygen saturation correction.

[0059] The oxygen saturation image generation sec-
tion 82 includes a display processing section 82a. The
display processing section 82a generates a current ox-
ygen saturation image (second oxygen saturationimage)
by imaging the current oxygen saturation by performing
display processing, which is for displaying a specific
range and a range outside the specific range in different
display methods, the current oxygen saturation after cor-
rection in the specific range being set in advance. In ad-
dition, the display processing section 82a generates a
past oxygen saturation image (first oxygen saturation im-
age) by imaging the past oxygen saturation by performing
display processing, which is for displaying a specific
range and a range outside the specific range in different
display methods, the current oxygen saturation after cor-
rection in the specific range being set in advance.
[0060] As the display processing on the current endo-
scope image signal, the display processing section 82a
multiplies a B2 image signal, a G2 image signal, and an
R2 image signal of the current endoscope image signals
by a coefficient for image generation, which corresponds
to the current oxygen saturation after correction, for each
pixel. Here, in a pixel within the specific range where the
current oxygen saturation is 60% or more of the boundary
value, all of the B2 image signal, the G2 image signal,
and the R2 image signal are multiplied by the same color
adjustment coefficient "1". In contrast, in a pixel outside
the specific range where the current oxygen saturation
is less than 60% of the boundary value, the B2 image
signal is multiplied by the color adjustment coefficient
less than "1", and the G2 image signal and the R2 image
signal are multiplied by the color adjustment coefficient
exceeding "1". Through the multiplication of such a color
adjustment coefficient, a high-oxygen region within the
specific range where the oxygen saturation is 60% to
100% is expressed by the same color as the image based
on the current endoscope image signal. On the other
hand, a low-oxygen region outside the specific range
where the oxygen saturation is 0% to 60% is expressed
by a different color (pseudo-color) from the image based
on the current endoscope image signal. Therefore, the
low-oxygen region outside the specific range is displayed
in a display method different from the high-oxygen region
within the specific range.

[0061] In addition, as the display processing on the
past endoscope image signal, the display processing
section 82a multiplies a B past image signal, a G past
image signal, and an R past image signal of the past
endoscope image signals by a color adjustment coeffi-
cient, which corresponds to the past oxygen saturation
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after correction, for each pixel. Others are generated in
the same manner as the current oxygen saturationimage
described above. Although the oxygen saturation image
generation section 82 performs the multiplication of such
a color adjustment coefficient for pseudo-coloring only
for the low-oxygen region in the present embodiment, a
color adjustment coefficient corresponding to the oxygen
saturation may also be multiplied for the high-oxygen re-
gion so that the entire oxygen saturation image is pseudo-
colored.

[0062] Next, the flow of observation using the endo-
scope system 10 according to the present embodiment
will be described with reference to the flowchart in Fig.
12. First, before starting the endoscopic diagnosis, a past
endoscope image signal obtained in the previous primary
examination is input to the past endoscope image stor-
age unit 61. Then, the endoscope 12 is inserted into the
subject, and screening is performed from the most distant
view state in the normal observation mode. In the normal
observation mode, a normal observation image that is
the current image is displayed on the monitor 18. When
a lesion detected in the primary examination is found
during the screening, switching to the special observation
mode is performed by operating the mode selector SW
22b, and a two-image simultaneous display mode is set
by operating the console 20 in order to observe the
progress of the lesion.

[0063] In the special observation mode, the first and
second white light beams are alternately emitted to the
observation target in units of a frame. Accordingly, the
sensor 48 outputs the R1 image signal, the G1 image
signal, and the B1 image signal in a frame in which the
first white light is emitted, and outputs the R2 image sig-
nal, the G2 image signal, and the B2 image signal in a
frame in which the second white light is emitted. As a
result, a current endoscope image signal including the
image signals B1, G1, R1, B2, G2, and R2 of two frames
is obtained. The currentendoscope image signal is trans-
mitted to the special observation image processing unit
64. On the other hand, a past endoscope image signal
including the B past image signal, the G past image sig-
nal, and the R past image signal is transmitted to the
special observation image processing unit 64 from the
past endoscope image storage unit 61.

[0064] In the special observation image processing
unit 64, the feature point extraction section 76 performs
alignment between the current endoscope image signal
and the past endoscope image signal based on the fea-
ture quantity, such as a contrast difference between the
blood vessel and the mucous membrane, and extracts a
plurality of feature points from the current endoscope im-
age signal and the past endoscope image signal after
the alignment. Then, the spectral estimation section 70
generates a spectral estimation image including the B
spectral estimation signal, the G spectral estimation sig-
nal, and the R spectral estimation signal by performing
spectral estimation processing on the past endoscope
image signal. Then, the signal ratio calculation section
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72 calculates the signal ratios B/G and R/G for current
oxygen saturation calculation, for each pixel, based on
the B1 image signal, the G2 image signal, and the R2
image signal among the current endoscope image sig-
nals, and calculates the signal ratios B/G and R/G for
past oxygen saturation calculation, for each pixel, based
on the B spectral estimation signal, the G spectral esti-
mation signal, and the R spectral estimation signal of the
spectral estimation image.

[0065] Then, the oxygen saturation calculation section
74 calculates the current oxygen saturation for each pixel
based on the signal ratios B1/G2 and R2/G2 for current
oxygen saturation calculation, and calculates the past
oxygen saturation for each pixel based on the signal ra-
tios B1/G2 and R2/G2 for past oxygen saturation calcu-
lation.

[0066] Then, the first comparison section 78 calculates
a difference between the oxygen saturation of the first
feature point having a specific feature quantity among
the feature points on the current endoscope image signal
and the oxygen saturation of the second feature point
having the same feature quantity as the first feature point
among the feature points on the past endoscope image
signal. Information regarding the difference between the
oxygen saturation of the first feature point and the oxygen
saturation of the second feature point is transmitted to
the oxygen saturation correction section 80. Then, based
on the difference between the oxygen saturations of the
feature points of the current and past endoscope image
signals, the oxygen saturation correction section 80 per-
forms correction so that the difference between the cur-
rent oxygen saturation and the past oxygen saturation in
each pixel is eliminated.

[0067] Then, the oxygen saturation image generation
section 82 generates a current oxygen saturation image
by imaging the current oxygen saturation using the cur-
rent oxygen saturation and the current endoscope image
signal after the correction, and generates a past oxygen
saturation image using the past oxygen saturation and
the past endoscope image signal after the correction.
The current oxygen saturation image and the past oxy-
gen saturation image that have been generated are si-
multaneously displayed on the monitor 18, as shown in
Fig. 13.

[0068] Asdescribedabove,intheinvention, the current
oxygen saturation image and the past oxygen saturation
image are simultaneously displayed. Therefore, since it
is possible to compare and analyze an oxygen state
change in the lesion based on the colors, it is possible
to reliably observe the progress of the lesion. In addition,
even if the pastimage is not an oxygen saturation image,
such as a normal observationimage, it is possible to gen-
erate a past oxygen saturation image c by using the spec-
tral estimation processing.

[0069] In the spectral estimation processing, a differ-
ence in estimation accuracy may occur due to individual
differences or part differences, and a difference between
the current oxygen saturation and the past oxygen sat-
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uration may occur due to the difference in estimation ac-
curacy. In such a case, a difference may occur between
the display of the current oxygen saturation image and
the display of the past oxygen saturation image. On the
other hand, in the invention, the oxygen saturation cor-
rection section 80 performs correction so that the differ-
ence between the current oxygen saturation and the past
oxygen saturation in each pixel is eliminated. Therefore,
even if a difference in estimation accuracy of the spectral
estimation processing occurs due to individual differenc-
es or the like, a difference between the display of the
current oxygen saturation image and the display of the
past oxygen saturation image due to the difference in
estimation accuracy does not occur.

[0070] [Second embodiment]

[0071] In an endoscope system of a second embodi-
ment, a matrix coefficient used in the spectral estimation
processing is corrected according to the difference be-
tween the current oxygen saturation and the past oxygen
saturation, instead of correcting the current oxygen sat-
uration and the past oxygen saturation using the oxygen
saturation correction section. Others are approximately
the same as in the first embodiment.

[0072] As shown in Fig. 14, a special observation im-
age processing unit 100 of the second embodiment in-
cludes a spectral estimation section 70, a signal ratio
calculation section 72, an oxygen saturation calculation
section 74, a feature point extraction section 76, a first
comparison section 78, a coefficient correction section
102, and an oxygen saturation image generation section
82. Compared with the special observation image
processing unit 64 of the first embodiment, the special
observation image processing unit 100 of the second em-
bodimentincludes the newly added coefficient correction
section 102 instead of the oxygen saturation correction
section 80 being removed.

[0073] The coefficient correction section 102 corrects
matrix coefficients k11, k12, k13, k21, k22, k23, k31, k32,
and k33 used in the spectral estimation section 70 based
on the difference in oxygen saturation between the fea-
ture points of the current and past endoscope image sig-
nals calculated by the first comparison section 78. The
coefficient correction section 102 stores the relationship
between the correction coefficient for correcting the ma-
trix coefficient and the difference in oxygen saturation
between the feature points in advance, and corrects the
matrix coefficient using the relationship. Based on the
matrix coefficient after the correction, the spectral esti-
mation processing is performed again by the spectral es-
timation section 70. Then, the signal ratio calculation sec-
tion 72 re-calculates the signal ratios B/G and R/G for
past oxygen saturation based on the spectral estimation
image after the spectral estimation processing is per-
formed again, and the oxygen saturation calculation sec-
tion 74 re-calculates the past oxygen saturation based
on the signal ratios B/G and R/G for past oxygen satu-
ration calculation.

[0074] As described above, by correcting the matrix
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coefficient according to the difference in oxygen satura-
tion between the first and second feature points and cal-
culating the oxygen saturation again after correction, it
is possible to eliminate the difference between the current
oxygen saturation and the past oxygen saturation in each
pixel. Therefore, even if a difference in estimation accu-
racy of the spectral estimation processing occurs due to
individual differences or the like, a difference between
the display of the current oxygen saturation image and
the display of the past oxygen saturation image due to
the difference in estimation accuracy does not occur.

[Third embodiment]

[0075] Inanendoscope system of a third embodiment,
the distribution of the current oxygen saturation is com-
pared with the distribution of the past oxygen saturation
instead of comparing the current oxygen saturation with
the past oxygen saturation based on the difference in
oxygen saturation between the first and second feature
points. Others are the same as in the first embodiment.
[0076] As shown in Fig. 15, a special observation im-
age processing unit 200 of the third embodiment includes
a spectral estimation section 70, a signal ratio calculation
section 72, an oxygen saturation calculation section 74,
a second comparison section 202, an oxygen saturation
correction section 80, and an oxygen saturation image
generation section 82. Compared with the special obser-
vation image processing unit 64 of the first embodiment,
the special observation image processing unit 200 of the
third embodiment does not include the feature point ex-
traction section 76 and includes the newly added second
comparison section 202 instead of the first comparison
section 78. In addition, in the special observation image
processing unit 100 of the second embodiment, the fea-
ture point extraction section 76 may be eliminated, and
the second comparison section 202 may be provided in-
stead of the first comparison section 78.

[0077] The second comparison section 202 calculates
the distribution of the current oxygen saturation from the
current oxygen saturations of all pixels, and calculates
the distribution of the past oxygen saturation from the
past oxygen saturations of all pixels. Then, the second
comparison section 202 compares the distribution of the
current oxygen saturation with the distribution of the past
oxygen saturation, and transmits information regarding
the comparison result to the oxygen saturation correction
section 80. The oxygen saturation correction section 80
corrects the current or past oxygen saturation for each
pixel so that the distribution of the current oxygen satu-
ration and the distribution of the past oxygen saturation
match each other.

[0078] In the above explanation, the second compari-
son section 202 automatically compares the distribution
of the current oxygen saturation with the distribution of
the past oxygen saturation. In general, however, the dis-
tribution of the current oxygen saturation may be com-
pared with the distribution of the past oxygen saturation
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only when a user operates the second comparison sec-
tion 202 by operating the console 20, without the second
comparison section 202 comparing the distribution of the
current oxygen saturation with the distribution of the past
oxygen saturation.

[0079] As the information regarding the distribution of
the oxygen saturation, it is possible to use a histogram
showing the frequency of the oxygen saturation of 10%,
the frequency of the oxygen saturation of 20%, ..., the
frequency of the oxygen saturation of 90%, and the fre-
quency of the oxygen saturation of 100%. In this case, a
histogram calculation value obtained by performing a
comparison operation between the histogram regarding
the current oxygen saturation and the histogram regard-
ing the past oxygen saturation is transmitted to the oxy-
gen saturation correction section 80. The oxygen satu-
ration correction section 80 corrects the current or past
oxygen saturation for each pixel based on the histogram
calculation value. In addition, as the information regard-
ing the distribution of the oxygen saturation, there are
various statistical values, such as a maximum value, a
minimum value, an average value, and a median. In this
case, a statistical calculation value obtained by an oper-
ation based on various statistical values obtained from
the current oxygen saturation and various statistical val-
ues obtained from the past oxygen saturation is trans-
mitted to the oxygen saturation correction section 80. The
oxygen saturation correction section 80 corrects the cur-
rent or past oxygen saturation for each pixel based on
the statistical calculation value.

[Modifications of the first to third embodiments]

[0080] In the first and third embodiments, the oxygen
saturation correction section 80 corrects the oxygen sat-
uration based on the comparison result between the cur-
rent oxygen saturation and the past oxygen saturation in
the first comparison section 78 or the second comparison
section 202. However, as shown in Fig. 16, a determina-
tion section 300 may be provided between the first com-
parison section 78 (in the third embodiment, the second
comparison section 202) and the oxygen saturation cor-
rection section 80, and the determination section 300
may determine whether or not to correct the current or
past oxygen saturation based on the comparison result
between the current oxygen saturation and the past ox-
ygen saturation.

[0081] When the determination section 300 deter-
mines that the current or past oxygen saturation is to be
corrected, the comparison result of the first comparison
section 78 (in the third embodiment, the second compar-
ison section 202) and the information regarding the cur-
rent or past oxygen saturation are transmitted to the ox-
ygen saturation correction section 80. On the other hand,
when the determination section 300 determines that the
current or past oxygen saturation does not need to be
corrected, the information regarding the current or past
oxygen saturation is transmitted to the oxygen saturation
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image generation section 82. In addition, in the second
embodiment, it is preferable to determine whether or not
to correct a matrix coefficient in the coefficient correction
section 102 based on the comparison result between the
current oxygen saturation and the past oxygen saturation
in the first comparison section 78.

[Fourth embodiment]

[0082] In the first and third embodiments, the oxygen
saturation correction section 80 corrects the oxygen sat-
uration based on the comparison result between the cur-
rent oxygen saturation and the past oxygen saturation in
the first comparison section 78 or the second comparison
section 202. In a fourth embodiment, however, the con-
tent of the display processing of the display processing
section 82a is changed without correcting the oxygen
saturation.

[0083] As shown in Fig. 17, a special observation im-
age processing unit 400 of the fourth embodiment in-
cludes a spectral estimation section 70, a signal ratio
calculation section 72, an oxygen saturation calculation
section 74, a feature point extraction section 76, a first
comparison section 78, and an oxygen saturation image
generation section 82. Compared with the special obser-
vation image processing unit 64 of the first embodiment,
in the special observation image processing unit 400 of
the fourth embodiment, a boundary value correction sec-
tion 82b is newly added in the oxygen saturation image
generation section 82 instead of the oxygen saturation
correction section 80 being removed. Others are the
same as in the first embodiment.

[0084] The boundary value correction section 82b cor-
rects the boundary value of the specific range defined by
the display processing section 82a according to the dif-
ference between the oxygen saturation of the firstfeature
point and the oxygen saturation of the second feature
point. For example, when the difference in oxygen satu-
ration between the feature points is calculated by sub-
tracting the oxygen saturation of the second feature point
from the oxygen saturation of the first feature point, if the
difference in oxygen saturation between the feature
pointsis "+5%", the boundary value of the current oxygen
saturation is corrected to "55%" by subtracting "5%" from
"60%" or the boundary value of the past oxygen satura-
tion is corrected to "65%" by adding "5%" to "60%". Then,
the display processing section 82a performs display
processing on the current endoscope image signal and
the past endoscope image signal based on the corrected
boundary value. By performing display processing based
on the corrected boundary value as described above,
even ifthere is a difference in oxygen saturation between
the current and past feature points, a difference between
the display of the current oxygen saturation image and
the display of the past oxygen saturation image due to
the difference does not occur.
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[Fifth embodiment]

[0085] In the first to fourth embodiments, the current
and past oxygen saturation images are simultaneously
displayed using the current and past endoscope image
signals. Instead, in the fifth embodiment, a first past ox-
ygen saturation image and a second past oxygen satu-
ration image are simultaneously displayed on the monitor
18 using a normal observation image obtained during the
endoscope insertion in the first past and a second past
oxygen saturation numerical image obtained during the
endoscope insertion in the second past different from the
first past. Here, the second past oxygen saturation nu-
merical image is an image having numerical information
of the second past oxygen saturation (second oxygen
saturation) for each pixel.

[0086] As shown in Fig. 18, a special observation im-
age processing unit 500 of the fifth embodiment includes
a spectral estimation section 70, a signal ratio calculation
section 72, an oxygen saturation calculation section 74,
a feature point extraction section 76, a first comparison
section 78, an oxygen saturation correction section 80,
and an oxygen saturation image generation section 82.
Compared with the special observation image process-
ing unit 64 of the first embodiment, in the special obser-
vation image processing unit 500 of the fifth embodiment,
the feature point extraction section 76 is provided be-
tween the oxygen saturation calculation section 74 and
the first comparison section 78. In addition, the second
past oxygen saturation numerical image is input to the
feature point extraction section 76 without passing
through the signal ratio calculation section 72 and the
oxygen saturation calculation section 74 because the
second past oxygen saturation numerical image is an
image having numerical information of the second past
oxygen saturation. Others are the same as in the first
embodiment.

[0087] Here, the first past normal observation image
is an image signal obtained using broadband light, such
as white light, and is stored in the past endoscope image
storage unit 61. In addition, the second past oxygen sat-
uration numerical image is an image having numerical
information of the oxygen saturation for each pixel, unlike
the oxygen saturation image expressing the oxygen sat-
uration with different colors in the first to fourth embodi-
ments. Accordingly, the second past oxygen saturation
numerical image can be corrected by the oxygen satu-
ration correction section 80. The second past oxygen sat-
uration image is also stored in the past endoscope image
storage unit 61.

[0088] When there is no correction using the oxygen
saturation correction section 80, not the second past ox-
ygen saturation numerical data but the second past ox-
ygen saturation image expressing the oxygen saturation
with different colors in the first to fourth embodiments
may be stored in the past endoscope image storage unit
61. In this case, the second past oxygen saturationimage
is directly displayed on the monitor 18 together with the
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first oxygen saturation image, without each process be-
ing performed by the feature point extraction section 76,
the first comparison section 78, the oxygen saturation
correction section 80, and the oxygen saturation image
generation section 82.

[0089] In the special observation image processing
unit 500, the first past normal observation image passes
through the processing of the spectral estimation section
70, the signal ratio calculation section 72, and the oxygen
saturation calculation section 74 (the content of process-
ing in each section is the same as in the first embodi-
ment). Accordingly, the first past oxygen saturation (first
oxygen saturation) is obtained. On the other hand, the
second past oxygen saturation numericalimage is direct-
ly input to the feature point extraction section 76 as de-
scribed above. The feature point extraction section 76
extracts the feature quantity from each of the first past
normal observation image and the second past oxygen
saturation numerical image, and the alignment between
the first past normal observation image and the second
past oxygen saturation numerical image is performed
based on the extracted feature quantity.

[0090] Then, from the first past normal observation im-
age and the second past oxygen saturation numerical
image after the alignment, pixel regions having the same
or approximately the same feature quantity are extracted
as feature points. After the feature point extraction, the
same processing (each processing in the first compari-
son section 78, the oxygen saturation correction section
80, and the oxygen saturation image generation section
82) as in the first embodiment is performed on the first
past normal observation image and the second past ox-
ygen saturation numerical image. As a result, the first
past oxygen saturation image (first oxygen saturation im-
age) and the second past oxygen saturation image (sec-
ond oxygen saturation image) are generated.

[0091] Although the observation target is illuminated
by using the first blue laser light source, the second blue
laser light source, and the phosphor 44 in the first to fifth
embodiments, illumination using other types of light
sources is also possible. As shown in Fig. 19, in a light
source device 14 of an LED type endoscope system 600,
a light emitting diode (LED) light source unit 601 and an
LED light LED light source control unit 604 are provided
instead of the first and second blue laser light sources
34 and 36 and the light source control unit40. In addition,
the phosphor 44 is not provided in an illumination optical
system 24a of an endoscope system 600. Other than
these, the endoscope system 500 is the same as the
endoscope system 10 according to the first embodiment.
[0092] The LED light source unit 601 includes an R-
LED 601a, a G-LED 601b, and a B-LED 601c as light
sources for emitting light limited to a specific wavelength
band. As shown in Fig. 20, the R-LED 601 a emits red
band light (hereinafter, simply referred to as red light)
having a wavelength of about 600 nm to 650 nm, for
example. The center wavelength of the red light is about
620 nm to 630 nm. The G-LED 601b emits green band
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light (hereinafter, simply referred to as green light) having
awavelength ofabout500 nmto 600 nm thatis expressed
by the normal distribution. The B-LED 601c emits blue
band light (hereinafter, simply referred to as blue light)
having a center wavelength of 445 nm to 460 nm.
[0093] In addition, the LED light source unit 601 in-
cludes a high pass filter (HPF) 602 that is removably in-
serted on the optical path of the blue light emitted from
the B-LED 601c. The high pass filter 602 cuts the blue
light having a wavelength in a wavelength band of about
450 nm or less, and allows light having a wavelength in
awavelength band higher than about 450 nm to be trans-
mitted therethrough.

[0094] The cutoff wavelength (about 450 nm) of the
high pass filter 602 is a wavelength at which the light
absorption coefficient of oxygenated hemoglobin and the
light absorption coefficient of reduced hemoglobin are
almost equal, and the light absorption coefficient of oxy-
genated hemoglobin and the light absorption coefficient
of reduced hemoglobin are reversed in the order of mag-
nitude with the cutoff wavelength as a boundary. In the
present embodiment, the correlation between the signal
ratios B/G and R/G and the oxygen saturation is that the
light absorption coefficient of oxygenated hemoglobin is
larger than the light absorption coefficient of reduced he-
moglobin. Accordingly, a signal based on the wavelength
band equal to or lower than the cutoff wavelength is a
cause of reducing the calculation accuracy of the oxygen
saturation. Therefore, by preventing light having a wave-
length in a wavelength band equal to or lower than the
cutoff wavelength from being emitted to the observation
target using the high pass filter 602 when acquiring at
least the B1 image signal for calculating the oxygen sat-
uration, the calculation accuracy of the oxygen saturation
is improved.

[0095] Accordingly, the high pass filter 602 is inserted
at the insertion position before the B-LED 601c in the
special observation mode, and is retracted to the retrac-
tion position in the normal observation mode. The inser-
tion and removal of the high pass filter 602 are performed
by an HPF insertion and removal unit 603 under the con-
trol of the LED light source control unit 604.

[0096] The LED light source control unit 604 controls
ON/OFF of the LEDs 601ato 601c ofthe LED light source
unit 601 and the insertion and removal of the high pass
filter 602. Specifically, as shown in Fig. 21, in the normal
observation mode, the LED light source control unit 604
turns on all of the LEDs 601a to 601c and retracts the
high pass filter 602 from the optical path of the B-LED
601 c. Accordingly, white light in which blue light, green
light, and red light are superimposed are emitted to the
observation target, and the sensor 48 images the obser-
vation target with reflected light of the white light and
outputs an image signal of each color of B, G, and R.
[0097] On the other hand, as shown in Fig. 22, in the
special observation mode, the LED light source control
unit 604 inserts the high pass filter 602 on the optical
path of the B-LED 601c. In addition, the B-LED 601c is
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constantly lit, and ON/OFF of the R-LED 601 a and the
G-LED 601b is alternately repeated at fixed intervals. Ac-
cordingly, blue light in which light having a wavelength
in a wavelength band of 450 nm or less is cut off and
mixed color light of green light, red light, and blue light in
which light having a wavelength in a wavelength band of
450 nm or less is cut off are alternately emitted to the
observation target.

[0098] Then, in the imaging control unit 49, a signal
charge obtained by imaging the observation target under
the blue lightin which light having a wavelengthin awave-
length band of 450 nm or less is cut off is read in areading
period of the first frame, and the B1image signal is output.
Then, a signal charge obtained by imaging the observa-
tion target under the mixed color light is read in a reading
period of the second frame, and the B2 image signal, the
G2 image signal, and the R2 image signal are output.
Subsequent processing can be performed in the same
manner as in the endoscope system 10.

[0099] As shown in Fig. 23, in a light source device 14
of arotary filter type endoscope system 700, a broadband
light source 701, a rotary filter 702, and a filter control
unit 703 are provided instead of the first and second blue
laser light sources 34 and 36 and the light source control
unit 40. A sensor 705 of the endoscope system 700 is a
monochrome imaging device in which no color filter is
provided. In addition, the DSP 56 does not perform
processing specific to the color sensor, such as demosaic
processing for generating a signal of missing color of
each pixel. Other than these, the endoscope system 700
is the same as the endoscope system 10.

[0100] The broadband lightsource 701 is, for example,
axenon lamp or a white LED, and emits white light having
a wavelength in a wavelength band ranging from blue to
red. The rotary filter 702 includes a normal observation
mode filter 710 and a special observation mode filter 711
(refer to Fig. 24), and can move in a radial direction be-
tween a first position for normal observation mode to
place a normal observation mode filter 710 on the optical
path, in which the white light emitted from the broadband
light source 701 is incident on the light guide 41, and a
second position for special observation mode to place a
special observation mode filter 711 on the optical path.
The movement of the rotary filter 702 between the first
and second positions is controlled by the filter control unit
703 according to the selected observation mode. In ad-
dition, the rotary filter 702 rotates according to the imag-
ing frame of the sensor 705 while being placed at the first
or second position.

[0101] As shown in Fig. 24, the normal observation
mode filter 710 is provided in the inner peripheral portion
of the rotary filter 702. The normal observation mode filter
710 includes an R filter 710a that transmits red light, a G
filter 710b that transmits green light, and a B filter 710c
that transmits blue light. Therefore, when the rotary filter
702 is placed at the first position for normal light obser-
vation mode, the white light from the broadband light
source 701 is incident on one of the R filter 710a, the G
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filter 710b, and the B filter 710c according to the rotation
of the rotary filter 702. As a result, red light, green light,
and blue light are sequentially emitted to the observation
target according to the transmitted filter, and the sensor
705 outputs sequentially an R image signal, a G image
signal, and a B image signal by imaging the observation
target with reflected light of the red light, the green light,
and the blue light.

[0102] The special observation mode filter 711 is pro-
vided in the outer peripheral portion of the rotary filter
702. The special observation mode filter 711 includes an
R filter 711a that transmits red light, a G filter 711b that
transmits green light, a B filter 711¢ that transmits blue
light, and a narrowband filter 711d that transmits narrow-
band light of 473 = 10 nm. Therefore, when the rotary
filter 702 is placed at the second position for normal light
observation mode, the white light from the broadband
light source 701 is incident on one of the R filter 711 a,
the G filter 711 b, the B filter 711¢, and the narrowband
filter 711 d according to the rotation of the rotary filter
702. As a result, red light, green light, blue light, and
narrowband light (473 nm) are sequentially emitted to
the observation target according to the transmitted filter,
and the sensor 705 outputs sequentially an Rx image
signal, a Gx image signal, a Bx image signal, and a nar-
rowband image signal by imaging the observation target
with reflected light of the red light, the green light, the
blue light, and the narrowband light.

[0103] The Rx image signal and the Gx image signal
acquired in the special observation mode correspond to
the R2 image signal and the G2 image signal in the first
to fifth embodiments. In addition, the narrowband image
signal acquired in the special observation mode corre-
sponds to the B1 image signal in the first to fifth embod-
iments, and the Bx image signal corresponds to the B2
image signal in the firstto fifth embodiments. Accordingly,
subsequent processing can be performed in the same
manner as in the endoscope system 10.

[0104] Although the CCD image sensor is used as the
sensor 48 in the first to fifth embodiments, a complemen-
tary metal oxide semiconductor (CMOS) image sensor
may also be used as the sensor 48. In this case, the
CMOS image sensor is driven in a so-called rolling shut-
ter method, and accumulation and reading of the signal
charge are sequentially performed for each row (each of
first to N-th rows) of pixels. For this reason, the timing of
the accumulation and reading of the signal charge ofeach
row differs according to each row. Therefore, switching
between the first white light and the second white light is
preferably performed in accordance with the reading tim-
ing.

[0105] For example as shown in Fig. 25, in the normal
observation mode, the emission of the second white light
is performed until the accumulation of the first row is com-
pleted (time T2) from the start of the accumulation of the
N-th row (time TI), while the emission of the second white
light is stopped until the reading of the N-th row is com-
pleted (time T3) from the start of the reading of the first
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row (time T2). In addition, as shown in Fig. 26, in the
special observation mode, the emission of the second
white light is performed until the accumulation of the first
row is completed (time T2) from the start of the accumu-
lation of the N-th row (time TI), while the emission of the
second white light is stopped until the reading of the N-
th row is completed (time T3) from the start of the reading
of the first row (time T2). After switching from the second
white light to the first white light, the emission of the first
white light is performed until the accumulation of the first
row is completed (time T4) from the start of the accumu-
lation of the N-th row (time T3), while the emission of the
first white light is stopped until the reading of the N-th
row is completed (time T5) from the start of the reading
of the first row (time T4).

[0106] Thus,itis possible to standardize the length (ex-
posure) of the substantial charge accumulation period of
each row and to prevent the first white light and the sec-
ond white light from being mixed. Therefore, even if a
CMOS image sensor is used as the sensor 48, it is pos-
sible to calculate an accurate oxygen saturation as in the
embodiments described above. The same is true for a
case whenthe LED light source unit 701 orthe broadband
light source 701 and the rotary filter 702 are used instead
of the first and second blue laser light sources 34 and 36.
[0107] In addition, although the current oxygen satu-
ration image is generated based on the current oxygen
saturation corrected by the oxygen saturation correction
section 80 and the past oxygen saturation image is gen-
erated based on the past oxygen saturation after correc-
tion in the first to fourth embodiments, it is also possible
to calculate a difference between the current oxygen sat-
uration and the past oxygen saturation and generate and
display the difference image based on the difference.
[0108] In order to generate the difference image, as
shown in Fig. 27, a difference image generation section
802 is provided in a special observation image process-
ing unit 800. The special observation image processing
unit 800 has the same configuration as the special ob-
servation image processing unit 64 except that the dif-
ference image generation section 802 is provided instead
of the oxygen saturation image generation section. The
difference image generation section 802 calculates a dif-
ference between the current oxygen saturation corrected
by the oxygen saturation correction section 80 and the
past oxygen saturation corrected similarly by the oxygen
saturation correction section 80.

[0109] The difference image generation section 802
generates a difference image by imaging the calculated
difference. The generated difference image is displayed
on the monitor 18. Accordingly, the difference is high-
lighted on the monitor 18. As a method of generating the
difference image, for example, a method can be consid-
ered in which a color table (not shown) obtained by
matching a difference between the current oxygen satu-
ration and the past oxygen saturation with a color corre-
sponding to the difference is provided in the difference
image generation section 802 and the color correspond-



29 EP 2 901 914 A1 30

ing to the difference value is assigned with reference to
the color table. In addition, the difference image gener-
ation section 802 may generate a difference image by
calculating the difference without correcting the current
or past oxygen saturation using the oxygen saturation
correction section 80.

[0110] Although the difference image generation sec-
tion 802 calculates the difference between the current
oxygen saturation and the past oxygen saturation, it is
also possible to compare a current oxygen saturation im-
age with a past oxygen saturation image and generate
and display a difference image based on the difference.
As an example of the difference between the current ox-
ygen saturation image and the past oxygen saturation
image, a difference of color information, such as a signal
value of the color difference signal, can be considered.
In addition, although the first past oxygen saturation im-
age is generated based on the first past oxygen satura-
tion and the second past oxygen saturation image is gen-
erated based on the second past oxygen saturation nu-
merical image in the fifth embodiment, it is also possible
to calculate a difference between the first past oxygen
saturation and the second past oxygen saturation and
generate a difference image based on the difference.
When the second past oxygen saturation image is used
instead of the second oxygen saturation numerical im-
age, the first oxygen saturation image and the second
oxygen saturation image may be compared with each
other, and the difference image may be generated and
displayed based on the difference (difference value of
color information, such as a color difference signal).
[0111] In the first to eighth embodiments, the oxygen
saturation is calculated. However, instead of or in addi-
tion to the oxygen saturation, other biological function
information, such as an oxygenated hemoglobin index
thatis calculated from "blood volume (signal ratio R2/G2)
x oxygen saturation (%)" or a reduced hemoglobin index
that is calculated from "blood volume x (1 - oxygen sat-
uration) (%)", may be calculated.

Claims

1. A processor device that generates a spectral esti-
mation image from a normal observation image and
calculates a first oxygen saturation from the spectral
estimation image.

2. A processor device that generates a spectral esti-
mation image from a normal observation image, cal-
culates a first oxygen saturation from the spectral
estimation image, and generates a first oxygen sat-
uration image from the first oxygen saturation.

3. An endoscope system, comprising:

the processor device according to claim 2,
wherein the first oxygen saturation image and a
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second oxygen saturation image based on a
second oxygen saturation are displayed.

The endoscope system according to claim 3, further
comprising:

a comparison unitthat compares the first oxygen
saturation with the second oxygen saturation.

The endoscope system according to claim 4, further
comprising:

an oxygen saturation correction unit that cor-
rects at least one of the first and second oxygen
saturations based on a comparison result of the
comparison unit.

The endoscope system according to claim 5,
wherein the oxygen saturation correction unit cor-
rects at least one of the first and second oxygen sat-
urations using gain processing and/or shift process-
ing for oxygen saturation correction.

The endoscope system according to claim 5 or 6,
further comprising:

a determination unit that determines whether or
not to correct at least one of the first and second
oxygen saturations based on a comparison re-
sult of the comparison unit.

The endoscope system according to claim 4, further
comprising:

a coefficient correction unitthat corrects a matrix
coefficient based on a comparison result of the
comparison unit, the matrix coefficient being
used to generate the spectral estimation image.

The endoscope system according to claim 4, further
comprising:

a display processing unit that performs display
processing for displaying a specific range and a
range outside the specific range in different dis-
play methods in the first oxygen saturation im-
age and displaying a specific range and a range
outside the specific range in different display
methods in the second oxygen saturation im-
age, the first oxygen saturation in the specific
range of the first oxygen saturation image being
set in advance and the second oxygen satura-
tion in the specific range of the second oxygen
saturation image being set in advance; and

a boundary value correction unit that corrects a
boundary value of the specific range based on
a comparison result of the comparison unit.
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10. The endoscope system according to any one of
claims 4 to 9, further comprising:

prising:

a feature point extraction unit that extracts fea-

a step of generating a spectral estimation image
by performing spectral estimation processing on

ture points from the normal observation image 5 a normal observation image with a spectral es-
and extracts feature points from a specificimage timation unit;

used to calculate the second oxygen saturation, a step of calculating a first oxygen saturation
wherein the comparison unit is a first compari- based on the spectral estimation image with an
son unit that compares an oxygen saturation of oxygen saturation calculation unit;

a first feature point among the feature points of 70 a step of generating a first oxygen saturation
the normal observation image with an oxygen image from the first oxygen saturation with an
saturation of a second feature point among the oxygen saturation image generation unit; and
feature points of the specific image, the second a step of displaying the first oxygen saturation
feature point having the same feature quantity image and a second oxygen saturation image
as the first feature point. 15 based on a second oxygen saturation with a dis-

play unit.
11. The endoscope system according to any one of
claims 4 to 9, further comprising:

a feature point extraction unit that extracts fea- 20
ture points from the normal observation image
and extracts feature points from an oxygen sat-
uration numerical image having numerical infor-
mation of the second oxygen saturation for each
pixel, 25
wherein the comparison unit is a first compari-
son unit that compares an oxygen saturation of
a first feature point among the feature points of
the normal observation image with an oxygen
saturation of a second feature point among the 30
feature points of the oxygen saturation numeri-
cal image, the second feature point having the
same feature quantity as the first feature point.

12. The endoscope system according to claim 10 or 11, 35
wherein the first comparison unit performs the com-
parison based on a difference between the oxygen
saturation of the first feature point and the oxygen
saturation of the second feature point.

40

13. The endoscope system according to any one of
claims 4 to 9,
wherein the comparison unitis a second comparison
unit that compares a distribution of the first oxygen
saturation with a distribution of the second oxygen 45
saturation.

14. The endoscope system according to any one of
claims 4 to 9, further comprising:
50
a difference image generation unit that gener-
ates a difference image by imaging a difference
between the firstand second oxygen saturations
or a difference between the first and second ox-
ygen saturation images, 55
wherein the difference image is displayed.

15. Anoperation method for an endoscope system, com-

17
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