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(57) Broadband light BB and narrowband light NB
are simultaneously irradiated to a subject. A blue signal
B, a green signal G, and a red signal R are obtained by
imaging the subject using a color CCD 33. A base image
is generated from the signals B, G, and R of three colors.
A B/G image having a B/G ratio is generated. A superficial
blood vessel extraction image is obtained by extracting
a pixel, in which the B/G ratio is equal to or less than a

boundary value Ls between the mucous membrane and
the superficial blood vessel, from the B/G image. A me-
dium-deep blood vessel extraction image is obtained by
extracting a pixel, in which the B/G ratio is equal to or
greater than a boundary value Ld between the mucous
membrane and the medium-deep blood vessel. The
boundary values Ls and Ld differ depending on each ob-
servation mode.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an endoscope
system capable of extracting blood vessels, such as su-
perficial blood vessels and medium-deep blood vessels,
in a subject, a processor device of an endoscope system,
and an image processing method.

2. Description of the Related Art

[0002] In recent medical treatment, diagnosis or the
like using an endoscope apparatus has been widely per-
formed. As observation of the inside of a subject using
an endoscope apparatus, not only normal observation
using white light of broadband light as illumination light
but also blood vessel enhancement observation, in which
blood vessels in a subject are highlighted using narrow-
band light having a narrowband wavelength, has been
performed.
[0003] In this blood vessel enhancement observation,
determination regarding whether or not cancer is present
from the shape of a blood vessel is performed. Types of
blood vessels mainly include superficial blood vessels
distributed on a living tissue surface and medium-deep
blood vessels located below the superficial blood ves-
sels. Depending on the purpose of diagnosis, diagnosis
may be performed focusing on certain blood vessels. In
this case, if blood vessels that are not the focus of ob-
servation are added in an endoscope image, there may
be an interruption to diagnosis. For this reason, differen-
tiating superficial blood vessels or medium-deep blood
vessels from the image and displaying an image, which
is obtained by extracting only blood vessels to be ob-
served, on a monitor has been demanded.
[0004] Regarding the method of determining the depth
of a blood vessel, JP2011-135983A discloses a method
of performing determination of a superficial blood vessel
when the hue of a narrowband image generated based
on narrowband light in a specified wavelength region
(415 nm, 540 nm) is 5 to 35 and performing determination
as a medium-deep blood vessel when the hue is 170 to
200.

SUMMARY OF THE INVENTION

[0005] In observation of the body cavity using an en-
doscope, depending on a part, for example, in the es-
ophagus and the stomach, the amount of return light from
the subject may be different even if the esophagus and
the stomach are illuminated with light having the same
light amount. That is, the appearance or color of the blood
vessel may change depending on the part. If the color of
the blood vessel changes in this way, it is difficult to re-
liably distinguish superficial blood vessels and medium-

deep blood vessels with a blood vessel discrimination
method based on the hue disclosed in JP2011-135983A.
[0006] The present invention has been made in view
of the above-background, and it is an object of the present
invention to provide an endoscope system capable of
reliably extracting a plurality of types of blood vessels at
different depths even if a part to be observed is changed,
a processor device of an endoscope system, and an im-
age processing method.
[0007] In order to achieve the above-described object,
an endoscope system of the present invention includes:
illumination means for irradiating a subject with illumina-
tion light including a blue component and a green com-
ponent; image signal acquisition means for acquiring two
or more color signals having different pieces of color in-
formation by receiving and imaging return light from the
subject using an imaging element; multi-color image gen-
eration means for generating a multi-color image formed
from calculated values obtained by performing predeter-
mined calculation for each pixel using the two or more
color signals; and blood vessel extraction image gener-
ation means for generating at least one of a first layer
blood vessel extraction image, which is obtained by ex-
tracting a first layer blood vessel at a specific depth from
the multi-color image, and a second layer blood vessel
extraction image, which is obtained by extracting a sec-
ond layer blood vessel at a position deeper than the first
layer blood vessel from the multi-color image, by per-
forming blood vessel extraction processing, which differs
depending on each of a plurality of observation modes,
on the multi-color image.
[0008] Preferably, the blood vessel extraction image
generation means includes a plurality of calculated value
tables, which are provided for each of the plurality of ob-
servation modes and store a correlation between a mu-
cous membrane, the first layer blood vessel, and the sec-
ond layer blood vessel of the subject and the calculated
values, and a blood vessel extraction image generation
section that generates at least one of the first layer blood
vessel extraction image and the second layer blood ves-
sel extraction image by performing blood vessel extrac-
tion processing using a calculated value table corre-
sponding to the set observation mode.
[0009] Preferably, in each of the calculated value ta-
bles, a calculated value indicating a boundary between
the mucous membrane and the first layer blood vessel
is stored as a first boundary value, and a calculated value
indicating a boundary between the mucous membrane
and the second layer blood vessel is stored as a second
boundary value. Preferably, the first and second bound-
ary values differ depending on each calculated value ta-
ble. Preferably, the plurality of observation modes are
modes for improving visibility of a blood vessel in a pre-
determined part of the subject, and each of the observa-
tion modes is set for each predetermined part.
[0010] It is preferable to further include blood vessel
enhancement image or suppression image generation
means for generating a first layer blood vessel enhance-
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ment image or suppression image, in which the first layer
blood vessel is enhanced or suppressed, using the first
layer blood vessel extraction image or generating a sec-
ond layer blood vessel enhancement image or suppres-
sion image, in which the second layer blood vessel is
enhanced or suppressed, using the second layer blood
vessel extraction image. It is preferable to further include
display means for displaying at least one of the first layer
blood vessel enhancement image or suppression image
and the second layer blood vessel enhancement image
or suppression image.
[0011] Preferably, the illumination means simultane-
ously irradiates blue narrowband light and fluorescent
light that is wavelength-converted by a wavelength con-
version member using the blue narrowband light, as the
illumination light, toward the subject, and the image sig-
nal acquisition means images the subject, to which the
blue narrowband light and the fluorescent light are irra-
diated simultaneously, using a color imaging element.
As another implementation means, it is preferable that
the illumination means sequentially irradiate blue narrow-
band light and green narrowband light, as the illumination
light, toward the subject and the image signal acquisition
means image the subject sequentially using a mono-
chrome imaging element whenever the blue narrowband
light and the green narrowband light are sequentially ir-
radiated. Preferably, the color signals include a blue sig-
nal having information of a blue component and a green
signal having information of a green component, and the
multi-color image is a B/G image having a B/G ratio ob-
tained by dividing the blue signal by the green signal for
each pixel.
[0012] The present invention is a processor device of
an endoscope system including an electronic endoscope
that irradiates a subject with illumination light including a
blue component and a green component and acquires
two or more color signals having different pieces of color
information by receiving and imaging return light from the
subject using an imaging element. The processor device
of an endoscope system includes: multi-color image gen-
eration means for generating a multi-color image formed
from calculated values obtained by performing predeter-
mined calculation for each pixel using the two or more
color signals; and blood vessel extraction image gener-
ation means for generating at least one of a first layer
blood vessel extraction image, which is obtained by ex-
tracting a first layer blood vessel at a specific depth from
the multi-color image, and a second layer blood vessel
extraction image, which is obtained by extracting a sec-
ond layer blood vessel at a position deeper than the first
layer blood vessel from the multi-color image, by per-
forming blood vessel extraction processing, which differs
depending on each of a plurality of observation modes,
on the multi-color image.
[0013] The present invention is an image processing
method performed in an endoscope system including an
electronic endoscope that irradiates a subject with illu-
mination light including a blue component and a green

component and acquires two or more color signals hav-
ing different pieces of color information by receiving and
imaging return light from the subject using an imaging
element. The image processing method includes: gen-
erating a multi-color image formed from calculated values
obtained by performing predetermined calculation for
each pixel using the two or more color signals; and gen-
erating at least one of a first layer blood vessel extraction
image, which is obtained by extracting a first layer blood
vessel at a specific depth from the multi-color image, and
a second layer blood vessel extraction image, which is
obtained by extracting a second layer blood vessel at a
position deeper than the first layer blood vessel from the
multi-color image, by performing blood vessel extraction
processing, which differs depending on each of a plurality
of observation modes, on the multi-color image.
[0014] According to the present invention, different
blood vessel extraction processing is performed for each
of a plurality of observation modes. Therefore, even if a
part to be observed is changed, a plurality of types of
blood vessels at different depths can be reliably extracted
by performing switching to the observation mode corre-
sponding to the part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is an external view of an endoscope system.
Fig. 2 is a block diagram showing the electrical con-
figuration of an endoscope system of a first embod-
iment.
Fig. 3 is a graph showing the emission spectra of
broadband light and narrowband light.
Fig. 4 is a graph showing the emission spectra of
blue laser light and emitted excitation light that is
excited and emitted by applying the blue laser light
to a phosphor.
Fig. 5 is a graph showing the spectral transmittances
of color filters of R, G, and B colors.
Fig. 6 is a graph showing the relationship between
the blood vessel depth and the B/G ratio that is stored
in a first observation mode table.
Fig. 7 is a diagram for explaining the B/G ratio of the
mucous membrane, the superficial blood vessel, and
the medium-deep blood vessel when return light, in
which the ratio between the B and G components is
approximately the same, is received.
Fig. 8 is a graph showing the relationship between
the blood vessel depth and the B/G ratio that is stored
in a second observation mode table.
Fig. 9 is a diagram for explaining the B/G ratio of the
mucous membrane, the superficial blood vessel, and
the medium-deep blood vessel when return light, in
which the percentage of the B component is larger
than the percentage of the G component, is received.
Fig. 10 is a graph showing the relationship between
the blood vessel depth and the B/G ratio that is stored
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in a third observation mode table.
Fig. 11 is a diagram for explaining the B/G ratio of
the mucous membrane, the superficial blood vessel,
and the medium-deep blood vessel when return light,
in which the percentage of the G component is larger
than the percentage of the B component, is received.
Fig. 12 is an image diagram showing an image in
which the superficial blood vessel is enhanced and
the medium-deep blood vessel is suppressed.
Fig. 13 is an image diagram showing an image in
which the superficial blood vessel is suppressed and
the medium-deep blood vessel is enhanced.
Fig. 14 is a flowchart showing the operation of the
present invention.
Fig. 15 is a block diagram showing the electrical con-
figuration of an endoscope system of a second em-
bodiment.
Fig. 16 is a schematic diagram of a rotary filter.
Fig. 17A is a graph showing the relationship between
the blood vessel depth and the B-G difference that
is stored in a first observation mode table.
Fig. 17B is a graph showing the relationship between
the blood vessel depth and the B-G difference that
is stored in a second observation mode table.
Fig. 17C is a graph showing the relationship between
the blood vessel depth and the B-G difference that
is stored in a third observation mode table.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0016] As shown in Fig. 1, an electronic endoscope
system 10 of a first embodiment includes an electronic
endoscope 11 that images the inside of a subject, a proc-
essor device 12 that generates an endoscope image
based on a signal obtained by imaging, a light source
device 13 (a form of illumination means) that generates
light for illuminating the subject, and a monitor 14 that
displays an endoscope image. The electronic endoscope
11 includes a flexible insertion unit 16 that is inserted into
the body cavity, an operating unit 17 provided at the prox-
imal end of the insertion unit 16, and a universal code 18
that makes a connection between the operating unit 17
and the processor device 12 and the light source device
13.
[0017] The electronic endoscope system 10 has a
function of generating a superficial blood vessel en-
hancement image or suppression image, in which a su-
perficial blood vessel of a subject is enhanced/sup-
pressed, and a medium-deep blood vessel enhancement
image or suppression image, in which a medium-deep
superficial blood vessel is enhanced/suppressed. Which
blood vessel enhancement image or suppression image
is to be generated is determined by the operation of a
superficial layer and medium-deep layer selection SW
28 (refer to Fig. 2). In endoscopic observation, the ap-
pearance of the blood vessel changes with each part,
such as the stomach, colon, and esophagus. According-

ly, there is a function of correcting this. The appearance
of the blood vessel changes with the ratio P between a
blue component (B component) and a green component
(G component) of return light (reflected light or the like)
that is returned from the subject. Here, it is assumed that
the observation mode of a part for which the percentage
of the B component is approximately the same as the
percentage of the G component is a first observation
mode, the observation mode of a part for which the per-
centage of the B component is larger than the percentage
of the G component is a second observation mode, and
the observation mode of a part for which the percentage
of the G component is larger than the percentage of the
B component is a third observation mode. The first to
third observation modes can be switched when an oper-
ator operates an observation mode selection SW 29 ac-
cording to a part to be observed (refer to Fig. 2).
[0018] A curved portion 19 obtained by connecting a
plurality of curved pieces is formed at the distal end of
the insertion unit 16. The curved portion 19 is curved in
the horizontal and vertical directions by operating an an-
gle knob 21 of the operating unit. A distal portion 16a
including an optical system for imaging the body cavity
and the like is provided at the distal end of the curved
portion 19. The distal portion 16a is directed in a desired
direction within the body cavity by the bending operation
of the curved portion 19.
[0019] A connector 24 is attached to the universal code
18 on the side of the processor device 12 and the light
source device 13. The connector 24 is a composite con-
nector including a communication connector and a light
source connector, and the electronic endoscope 11 is
detachably connected to the processor device 12 and
the light source device 13 through the connector 24.
[0020] As shown in Fig. 2, the light source device 13
includes a broadband light source 30, a narrowband light
source 33, and a coupler 36. As shown in Fig. 3, the
broadband light source 30 generates broadband light BB
in a wavelength range from the blue region to the red
region (about 400 nm to 700 nm). The broadband light
source 30 is always ON while the electronic endoscope
11 is used. The broadband light BB emitted from the
broadband light source 30 is incident on a broadband
optical fiber 40. As the broadband light BB, not only white
light of a xenon lamp or the like but also white light (refer
to Fig. 4 for the emission spectrum), which is obtained
by combining laser light having a center wavelength of
445 nm with emitted excitation light of 460 nm to 700 nm
that is excited and emitted from a phosphor by the laser
light, may be used.
[0021] The narrowband light source 33 is a light emit-
ting diode (LED), a laser diode (LD), or the like. As shown
in Fig. 3, the narrowband light source 33 generates nar-
rowband light NB having a limited wavelength of 400 6
10 nm (center wavelength of 405 nm). The narrowband
light NB emitted from the narrowband light source 33 is
incident on a narrowband optical fiber 33a. In addition,
the wavelength of the narrowband light NB is not limited
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to 400 6 10 nm (center wavelength of 405 nm). For ex-
ample, narrowband light having a wavelength of 440 6
10 nm (center wavelength of 445 nm) may be used.
[0022] The coupler 36 connects a light guide 43 in the
electronic endoscope 11 to the broadband optical fiber
40 and the narrowband optical fiber 33a. Therefore, both
the broadband light BB and the narrowband light NB are
simultaneously incident on the light guide 43.
[0023] The electronic endoscope 11 includes the light
guide 43, a CCD 44, an analog processing circuit 45 (an-
alog front end: AFE), and an imaging control unit 46. The
light guide 43 is a large-diameter optical fiber, a bundle
fiber, or the like, and the incidence end is inserted into
the coupler 36 in the light source device and the exit end
is directed toward an irradiation lens 48 provided in the
distal portion 16a. The broadband light BB and the nar-
rowband light NB guided by the light guide 43 are irradi-
ated into the subject through the irradiation lens 48 and
an illumination window 49 attached to the end surface of
the distal portion 16a. The broadband light BB and the
narrowband light NB reflected within the subject are in-
cident on a condensing lens 51 through an observation
window 50 attached to the end surface of the distal por-
tion 16a.
[0024] The CCD 44 receives light from the condensing
lens 51 through an imaging surface 44a, performs pho-
toelectric conversion of the received light and accumu-
lates signal charges, and reads the accumulated signal
charges as an imaging signal. The read imaging signal
is transmitted to an AFE 45. The CCD 44 is a color CCD,
and pixels of three colors of a B pixel in which a color
filter of B color is provided, a G pixel in which a color filter
of G color is provided, and an R pixel in which a color
filter of R color is provided are arrayed on the imaging
surface 44a. A form of image signal acquisition means
is configured to include the condensing lens 51, the CCD
44 having the imaging surface 44a, and the AFE 45.
[0025] The color filters of B, G, and R colors have trans-
mission distributions 52, 53, and 54, respectively, as
shown in Fig. 5. When only the broadband light BB having
a wavelength region of about 400 nm to 700 nm is incident
on the CCD 44, the color filters of B, G, and R colors
allow light having a wavelength corresponding to the
transmission distributions 52, 53, and 54, of the broad-
band light BB, to be transmitted therethrough. Here, it is
assumed that a signal photoelectrically converted by the
R pixel is a red signal R, a signal photoelectrically con-
verted by the G pixel is a green signal G, and a signal
photoelectrically converted by the B pixel is a blue signal
B.
[0026] The AFE 45 is configured to include a correlated
double sampling circuit (CDS), an automatic gain control
circuit (AGC), and an analog/digital converter (A/D) (all
not shown). The CDS performs correlated double sam-
pling processing on an imaging signal from the CCD 44
to remove noise caused by the driving of the CCD 44.
The AGC amplifies an imaging signal from which noise
has been removed by the CDS. The A/D converts an

imaging signal amplified by the AGC into a digital imaging
signal of a predetermined number of bits, and inputs the
digital imaging signal to the processor device 12.
[0027] The imaging control unit 46 is connected to a
controller 59 in the processor device 12, and transmits a
driving signal to the CCD 44 when there is an instruction
from the controller 59. The CCD 44 outputs an imaging
signal to the AFE 45 at a predetermined frame rate based
on the driving signal from the imaging control unit 46.
[0028] As shown in Fig. 2, the processor device 12
includes a base image generation unit 55, a frame mem-
ory 56, an image processing unit 57, and a display control
circuit 58. The controller 59 controls each of the units.
The base image generation unit 55 generates a base
image by performing various kinds of signal processing
on the blue signal B, the green signal G, and the red
signal R output from the AFE 45 of the electronic endo-
scope. The generated base image is temporarily stored
in the frame memory 56. The blue signal B, the green
signal G, and the red signal R output from the AFE 45
are stored in the frame memory 56. The base image may
be a normal observation image, which is obtained by us-
ing only the broadband light BB without using the nar-
rowband light NB, or a pseudo color image, which is ob-
tained by pseudo coloring of blood vessel function infor-
mation, such as oxygen saturation.
[0029] The image processing unit 57 includes a B/G
image generation section 61 (a form of multi-color image
generation means), a blood vessel extraction image gen-
eration section 63, and a blood vessel enhancement im-
age or suppression image generation section 65 (a form
of blood vessel enhancement image or suppression im-
age generation means). The B/G image generation sec-
tion 61 generates a B/G image having a brightness ratio
B/G (B/G ratio) between the blue signal B and the green
signal G. Here, the B/G ratio indicates a brightness ratio
of pixels at the same position between the blue signal B
and the green signal G.
[0030] The blood vessel extraction image generation
section 63 generates a superficial blood vessel extraction
image by extracting the superficial blood vessel based
on the B/G image, or generates a medium-deep blood
vessel extraction image by extracting the medium-deep
blood vessel based on the B/G image. The method of
generating the blood vessel extraction images differs de-
pending on which of the first to third observation modes
is set. When the first observation mode is set, a superficial
blood vessel extraction image or a medium-deep blood
vessel extraction image is generated using a first obser-
vation mode table 63a. Correlation between the bright-
ness ratio B/G and the blood vessel depth shown in Fig.
6 is stored in the first observation mode table 63a. This
correlation is a proportional relationship in which the
brightness ratio B/G (B/G ratio) increases as the blood
vessel depth increases. In addition, a form of blood vessel
extraction image generation means is configured to in-
clude a blood vessel extraction image generation section
63 and the first observation mode table 63a to a third

7 8 



EP 2 813 172 A1

6

5

10

15

20

25

30

35

40

45

50

55

observation mode table 63c.
[0031] In the first observation mode, the percentage of
the blue wavelength component (B component) of return
light from the subject is approximately the same as the
percentage of the green wavelength component (G com-
ponent) of the return light. Therefore, as shown in Fig. 7,
when the illumination light is irradiated to the mucous
membrane with no blood vessels, the ratio of the B and
G components of the return light is approximately fixed.
This is because there is no large light absorption in the
mucous membrane. Assuming that the average B/G ratio
in this case is P, the B/G ratio in the mucous membrane
falls within a fixed range of "Ls to P to Ld". Here, Ls is a
lower limit of the B/G ratio of the mucous membrane in
the first observation mode, and Ld is an upper limit of the
B/G ratio of the mucous membrane in the first observation
mode.
[0032] When illumination light is irradiated to a super-
ficial blood vessel, the B component of the illumination
light is largely absorbed by the superficial blood vessel,
while the G component is not absorbed almost. For this
reason, the B/G ratio is equal to or less than Ls in most
cases. Therefore, it can be seen that the superficial blood
vessel is projected to the pixel having a B/G ratio equal
to or less than Ls (that is, Ls is a boundary value between
the mucous membrane and the superficial blood vessel).
On the other hand, when illumination light is irradiated to
a medium-deep blood vessel, the G component of the
illumination light is largely absorbed by the medium-deep
blood vessel, while the B component is not absorbed
almost. For this reason, the B/G ratio is equal to or greater
than Ld in most cases. Therefore, it can be seen that the
medium-deep blood vessel is projected to the pixel hav-
ing a B/G ratio equal to or larger than Ld (that is, Ld is a
boundary value between the mucous membrane and the
medium-deep blood vessel).
[0033] Accordingly, when generating a superficial
blood vessel extraction image in the first observation
mode, only the pixel value of a pixel having a B/G ratio
equal to or less than Ls is extracted from the B/G image,
and binarization processing for setting the pixel values
of other pixels to 0 is performed. On the other hand, when
generating a medium-deep blood vessel extraction im-
age, only the pixel value of a pixel having a B/G ratio
equal to or greater than Ld is extracted from the B/G
image, and binarization processing for setting the pixel
values of other pixels to 0 is performed.
[0034] When the second observation mode is set, a
superficial blood vessel extraction image or a medium-
deep blood vessel extraction image is generated using
the second observation mode table 63b. As shown in Fig.
8, similar to the first observation mode table 63a, the
second observation mode table 63b shows a proportional
relationship in which the brightness ratio B/G (B/G ratio)
increases as the blood vessel depth increases. In the
second observation mode, as shown in Fig. 9, since the
percentage of the blue wavelength component (B com-
ponent) of return light from the subject is larger than the

percentage of the green wavelength component (G com-
ponent) of the return light, the B/G ratio is generally high.
Accordingly, a boundary value Ls’ between the mucous
membrane and the superficial blood vessel is larger than
the boundary value Ls in the first observation mode, and
a boundary value Ld’ between the mucous membrane
and the medium-deep blood vessel is larger than the
boundary value Ld in the first observation mode.
[0035] Therefore, when generating a superficial blood
vessel extraction image in the second observation mode,
only the pixel value of a pixel having a B/G ratio equal to
or less than Ls’ is extracted from the B/G image, and
binarization processing for setting the pixel values of oth-
er pixels to 0 is performed. On the other hand, when
generating a medium-deep blood vessel extraction im-
age, only the pixel value of a pixel having a B/G ratio
equal to or greater than Ld’ is extracted from the B/G
image, and binarization processing for setting the pixel
values of other pixels to 0 is performed.
[0036] When the third observation mode is set, a su-
perficial blood vessel extraction image or a medium-deep
blood vessel extraction image is generated using the third
observation mode table 63c. As shown in Fig. 10, similar
to the first observation mode table 63a, the third obser-
vation mode table 63c shows a proportional relationship
in which the brightness ratio B/G (B/G ratio) increases
as the blood vessel depth increases. In the third obser-
vation mode, as shown in Fig. 11, since the percentage
of the green wavelength component (G component) of
return light from the subject is larger than the percentage
of the blue wavelength component (B component) of the
return light, the B/G ratio is generally low. Accordingly, a
boundary value Ls" between the mucous membrane and
the superficial blood vessel is smaller than the boundary
value Ls in the first observation mode, and a boundary
value Ld" between the mucous membrane and the me-
dium-deep blood vessel is smaller than the boundary val-
ue Ld in the first observation mode.
[0037] Therefore, when generating a superficial blood
vessel extraction image in the third observation mode,
only the pixel value of a pixel having a B/G ratio equal to
or less than Ls" is extracted from the B/G image, and
binarization processing for setting the pixel values of oth-
er pixels to 0 is performed. On the other hand, when
generating a medium-deep blood vessel extraction im-
age, only the pixel value of a pixel having a B/G ratio
equal to or greater than Ld" is extracted from the B/G
image, and binarization processing for setting the pixel
values of other pixels to 0 is performed.
[0038] From diagnosis and the like until now, it has
been found that the relationship of the average B/G ratio
in each part of the esophagus, colon, and stomach is B/G
ratio of esophagus > B/G ratio of colon > B/G ratio of
stomach. Therefore, it is preferable to set the first obser-
vation mode when observing the colon, set the second
observation mode when observing the esophagus, and
set the third observation mode when observing the stom-
ach, although this also depends on the purpose of diag-
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nosis and other observation conditions.
[0039] The blood vessel enhancement image or sup-
pression image generation section 65 generates a su-
perficial blood vessel enhancement image or suppres-
sion image, in which a superficial blood vessel is en-
hanced (or suppressed), by combining the superficial
blood vessel extraction image and the base image, and
generates a medium-deep blood vessel enhancement
image or suppression image, in which a medium-deep
blood vessel is enhanced (or suppressed), by combining
the medium-deep blood vessel extraction image and the
base image. When enhancing the blood vessel, a value
obtained by increasing the pixel value of each pixel in
the superficial blood vessel extraction image (or a medi-
um-deep blood vessel extraction image) several times is
added to the pixel value of each pixel of the base image.
When suppressing the blood vessel, a value obtained by
increasing the pixel value of each pixel in the superficial
blood vessel extraction image (or a medium-deep blood
vessel extraction image) several times is subtracted from
the pixel value of each pixel of the base image.
[0040] The display control circuit 58 displays the blood
vessel enhancement image or suppression image on the
monitor 14 (a form of display means). For example, as
shown in Fig. 12, when a superficial blood vessel 71 ex-
tracted from the B/G image is enhanced on the blood
vessel enhancement image or suppression image, diag-
nosis focusing on only the superficial blood vessel 71 is
possible since the superficial blood vessel 71 is notice-
able compared with a medium-deep blood vessel 72. In
contrast, as shown in Fig. 13, when the medium-deep
blood vessel 72 extracted from the B/G image is en-
hanced on the blood vessel enhancement image or sup-
pression image, diagnosis focusing on only the medium-
deep blood vessel 72 is possible since the medium-deep
blood vessel 72 is noticeable compared with the super-
ficial blood vessel 71.
[0041] As described above, by extracting only an im-
age of the blood vessel to be observed from the B/G
image and generating a blood vessel enhancement im-
age or suppression image using the extracted blood ves-
sel image, only the blood vessel portion to be observed
can be reliably enhanced/suppressed without eliminating
the information of portions other than the blood vessel,
for example, the information of unevenness of a part to
be observed. Therefore, since not only the blood vessel
information but also a lot of information useful for diag-
nosis, such as unevenness of a part to be observed, can
be provided to the user, it is possible to improve the di-
agnostic performance. In addition, since blood vessels
are divided into the superficial blood vessel and the me-
dium-deep blood vessel so as to be separately extracted
and each of the superficial blood vessel and the medium-
deep blood vessel is separately enhanced/suppressed,
diagnosis focusing on the superficial blood vessel or di-
agnosis focusing on the medium-deep blood vessel is
possible.
[0042] Next, the operation of the present invention will

be described with reference to the flowchart shown in
Fig. 14. First, an observation mode corresponding to a
part among the first to third observation modes is set.
The broadband light BB and the narrowband light NB
emitted from the light source device 13 are irradiated
simultaneously into the subject through the light guide
43. Reflected light from the subject is imaged by the color
CCD 44. A base image is generated from the blue signal
B, the green signal G, and the red signal R obtained by
this imaging. The generated base image, the blue signal
B, the green signal G, and the red signal R are temporarily
stored in the frame memory 56.
[0043] Then, the B/G image generation section 61 gen-
erates a B/G image having the brightness ratio B/G be-
tween the blue signal B and the green signal G. A super-
ficial blood vessel extraction image is generated by ex-
tracting the superficial blood vessel from the B/G image,
and a medium-deep blood vessel extraction image is
generated by extracting the medium-deep blood vessel
from the B/G image. An observation mode table corre-
sponding to the set observation mode is used for the
blood vessel extraction. If the blood vessel extraction im-
age is generated, a blood vessel enhancement image or
suppression image in which a superficial blood vessel
(or a medium-deep blood vessel) is enhanced/sup-
pressed is generated from the superficial blood vessel
extraction image (or the medium-deep blood vessel ex-
traction image) and the base image. The generated blood
vessel enhancement image or suppression image is con-
verted into a signal, which can be displayed on a monitor,
by the display control circuit 58 and is then image-dis-
played on the monitor 14 as shown in Fig. 12 or 13.
[0044] In the first embodiment described above, the
broadband light BB is emitted from the broadband light
source 30 in the light source device 13. However, instead
of this, fluorescent light may be emitted by providing a
phosphor in the distal portion 16a of the electronic endo-
scope 11 and exciting the phosphor with excitation light
from an excitation light source provided in the light source
device 13. In this case, light obtained by combining flu-
orescent light and excitation light, which is not absorbed
by the phosphor, is irradiated into the subject as the
broadband light BB.
[0045] In the second embodiment of the present inven-
tion, unlike in the first embodiment in which two types of
illumination light beams to illuminate a subject are simul-
taneously irradiated, two types of illumination light beams
are separately irradiated in a sequential manner. Here,
as two types of illumination light beams, blue narrowband
light GN having a center wavelength of 415 nm and green
narrowband light BN having a center wavelength of 540
nm are sequentially irradiated. Accordingly, in an elec-
tronic endoscope system 100 of the second embodiment,
as shown in Fig. 15, a rotary filter 101 and a motor 102
for rotating the rotary filter 101 at the fixed speed are
used to irradiate the blue narrowband light BN and the
green narrowband light GN sequentially. In addition, in
order to image the inside of the subject, a monochrome
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CCD 101 in which no color filter is provided is used in-
stead of the color CCD 44.
[0046] As shown in Fig. 16, in the rotary filter 101, a
blue filter 101a, through which the blue narrowband light
BN (having a wavelength region of 380 nm to 430 nm)
having a center wavelength of 415 nm of the broadband
light BB from the broadband light source 30 is transmit-
ted, and a green filter 101b, through which the green
narrowband light GN (having a wavelength region of 520
nm to 560 nm) having a center wavelength of 540 nm of
the broadband light is transmitted, are provided in the
circumferential direction. Therefore, the blue narrowband
light BN and the green narrowband light GN are sepa-
rately irradiated in a sequential manner toward the light
guide 43 due to the rotation of the rotary filter 101.
[0047] The base image generation method and the B/G
image generation method based on the sequential irra-
diation of the blue narrowband light BN and the green
narrowband light GN described above are different from
those in the first embodiment of the simultaneous irradi-
ation method. Others in the second embodiment are the
same as in the first embodiment. When generating a base
image, a blue narrowband signal obtained when irradi-
ating and capturing the blue narrowband light BN is as-
signed to the B and G channels for monitor display, and
a green narrowband signal obtained when irradiating and
capturing the green narrowband light GN is assigned to
the R channel for monitor display, thereby generating the
base image. When generating a B/G image, the B/G im-
age is generated from the brightness ratio between the
blue narrowband signal and the green narrowband sig-
nal.
[0048] In the embodiment described above, medium-
deep blood vessels and superficial blood vessels are
separated from each other using the B/G ratio. Instead
of this, the blood vessels can also be separated using
calculation values obtained by calculation using two or
more color signals having different pieces of color infor-
mation, such as a GB ratio, a B-G difference, a G-B dif-
ference, a B/(B + G) ratio, a G/(B + G) ratio, a B/R ratio,
an R/B ratio, a B-R difference, an R-B difference, and a
B/Y ratio.
[0049] As in the embodiment described above, the re-
lationship between the calculated value and the blood
vessel depth is stored in a plurality of tables correspond-
ing to the first to third observation modes, and the bound-
ary value of the calculated value indicating the boundary
between the mucous membrane and the superficial blood
vessel and the boundary value of the calculated value
indicating the boundary between the mucous membrane
and the medium-deep blood vessel differ depending on
each table. For example, in the case of the B-G difference
(a value obtained by subtracting the pixel value of the
green signal from the pixel value of the blue signal), the
relationship between the B-G difference and the blood
vessel depth shown in Fig. 17A is stored in a table that
is used in the first observation mode. Here, Ls indicates
a B-G difference indicating the boundary between the

mucous membrane and the superficial blood vessel, and
Ld indicates a B-G difference indicating the boundary
between the mucous membrane and the medium-deep
blood vessel.
[0050] On the other hand, the relationship between the
B-G difference and the blood vessel depth shown in Fig.
17B is stored in a table that is used in the second obser-
vation mode. In this table, a B-G difference Ls’ at the
boundary between the mucous membrane and the su-
perficial blood vessel is set to be larger than Ls, and a
B-G difference Ld’ at the boundary between the mucous
membrane and the medium-deep blood vessel is set to
be larger than Ld. In addition, the relationship between
the B-G difference and the blood vessel depth shown in
Fig. 17C is stored in a table that is used in the second
observation mode. In this table, a B-G difference Ls" at
the boundary between the mucous membrane and the
superficial blood vessel is set to be smaller than Ls, and
a B-G difference Ld" at the boundary between the mu-
cous membrane and the medium-deep blood vessel is
set to be smaller than Ld.
[0051] The G/B ratio is a value obtained by dividing the
green signal by the blue signal, the G-B difference is a
value obtained by subtracting the blue signal from the
green signal, the B/(B + G) ratio is a value obtained by
dividing the blue signal by the sum of the blue signal and
the green signal, the G/(B + G) ratio is a value obtained
by dividing the green signal by the sum of the blue signal
and the green signal, the B/R ratio is a value obtained
by dividing the blue signal by the red signal, the R/B ratio
is a value obtained by dividing the red signal by the blue
signal, the B-R difference is a value obtained by subtract-
ing the red signal from the blue signal, the R-B difference
is a value obtained by subtracting the blue signal from
the red signal, and the B/Y ratio is a value obtained by
dividing the green signal by the yellow signal
[0052] (yellow signal is a signal having wavelength in-
formation of 500 nm to 700 nm).

Claims

1. An endoscope system, comprising:

illumination means for irradiating a subject with
illumination light including a blue component
and a green component;
image signal acquisition means for acquiring
two or more color signals having different pieces
of color information by receiving and imaging
return light from the subject using an imaging
element;
multi-color image generation means for gener-
ating a multi-color image formed from calculated
values obtained by performing predetermined
calculation for each pixel using the two or more
color signals; and
blood vessel extraction image generation
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means for generating at least one of a first layer
blood vessel extraction image, which is obtained
by extracting a first layer blood vessel at a spe-
cific depth from the multi-color image, and a sec-
ond layer blood vessel extraction image, which
is obtained by extracting a second layer blood
vessel at a position deeper than the first layer
blood vessel from the multi-color image, by per-
forming blood vessel extraction processing,
which differs depending on each of a plurality of
observation modes, on the multi-color image.

2. The endoscope system according to claim 1,
wherein the blood vessel extraction image genera-
tion means includes a plurality of calculated value
tables, which store a correlation between a mucous
membrane, the first layer blood vessel, and the sec-
ond layer blood vessel of the subject and the calcu-
lated values, and a blood vessel extraction image
generation unit that generates at least one of the first
layer blood vessel extraction image and the second
layer blood vessel extraction image by performing
blood vessel extraction processing using a calculat-
ed value table corresponding to the set observation
mode, and
the calculated value table is set for each of the plu-
rality of observation modes.

3. The endoscope system according to claim 2,
wherein, in each of the calculated value tables, a
calculated value indicating a boundary between the
mucous membrane and the first layer blood vessel
is stored as a first boundary value, and a calculated
value indicating a boundary between the mucous
membrane and the second layer blood vessel is
stored as a second boundary value, and
the first and second boundary values differ depend-
ing on each calculated value table.

4. The endoscope system according to any one of
claims 1 to 3,
wherein the plurality of observation modes are
modes for improving visibility of a blood vessel in a
predetermined part of the subject, and
each of the observation modes is set for each pre-
determined part.

5. The endoscope system according to any one of
claims 1 to 4, further comprising:

blood vessel enhancement/suppression image
generation means for generating a first layer
blood vessel enhancement/suppression image,
in which the first layer blood vessel is enhanced
or suppressed, using the first layer blood vessel
extraction image or generating a second layer
blood vessel enhancement/suppression image,
in which the second layer blood vessel is en-

hanced or suppressed, using the second layer
blood vessel extraction image.

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

display means for displaying at least one of the
first layer blood vessel enhancement/suppres-
sion image and the second layer blood vessel
enhancement/suppression image.

7. The endoscope system according to any one of
claims 1 to 6,
wherein the illumination means simultaneously irra-
diates blue narrowband light and fluorescent light
that is wavelength-converted by a wavelength con-
version member using the blue narrowband light, as
the illumination light, toward the subject, and
the image signal acquisition means images the sub-
ject, to which the blue narrowband light and the flu-
orescent light are irradiated simultaneously, using a
color imaging element.

8. The endoscope system according to any one of
claims 1 to 6,
wherein the illumination means sequentially irradi-
ates blue narrowband light and green narrowband
light, as the illumination light, toward the subject, and
the image signal acquisition means images the sub-
ject sequentially using a monochrome imaging ele-
ment whenever the blue narrowband light and the
green narrowband light are sequentially irradiated.

9. The endoscope system according to any one of
claims 1 to 8,
wherein the color signals include a blue signal having
information of a blue component and a green signal
having information of a green component, and
the multi-color image is a B/G image having a B/G
ratio obtained by dividing the blue signal by the green
signal for each pixel.

10. A processor device of an endoscope system includ-
ing an electronic endoscope that irradiates a subject
with illumination light including a blue component
and a green component and acquires two or more
color signals having different pieces of color infor-
mation by receiving and imaging return light from the
subject using an imaging element, comprising:

multi-color image generation means for gener-
ating a multi-color image formed from calculated
values obtained by performing predetermined
calculation for each pixel using the two or more
color signals; and
blood vessel extraction image generation
means for generating at least one of a first layer
blood vessel extraction image, which is obtained
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by extracting a first layer blood vessel at a spe-
cific depth from the multi-color image, and a sec-
ond layer blood vessel extraction image, which
is obtained by extracting a second layer blood
vessel at a position deeper than the first layer
blood vessel from the multi-color image, by per-
forming blood vessel extraction processing,
which differs depending on each of a plurality of
observation modes, on the multi-color image.

11. An image processing method performed in an endo-
scope system including an electronic endoscope
that irradiates a subject with illumination light includ-
ing a blue component and a green component and
acquires two or more color signals having different
pieces of color information by receiving and imaging
return light from the subject using an imaging ele-
ment, the image processing method comprising:

generating a multi-color image formed from cal-
culated values obtained by performing predeter-
mined calculation for each pixel using the two
or more color signals; and
generating at least one of a first layer blood ves-
sel extraction image, which is obtained by ex-
tracting a first layer blood vessel at a specific
depth from the multi-color image, and a second
layer blood vessel extraction image, which is ob-
tained by extracting a second layer blood vessel
at a position deeper than the first layer blood
vessel from the multi-color image, by performing
blood vessel extraction processing, which dif-
fers depending on each of a plurality of obser-
vation modes, on the multi-color image.

Amended claims under Art. 19.1 PCT

1. Canceled

2. Canceled

3. An endoscope system, comprising:

illumination means for irradiating a subject with
illumination light including a blue component
and a green component;
image signal acquisition means for acquiring
two or more color signals having different pieces
of color information by receiving and imaging
return light from the subject using an imaging
element;
multi-color image generation means for gener-
ating a multi-color image formed from calculated
values obtained by performing predetermined
calculation for each pixel using the two or more
color signals; and
blood vessel extraction image generation

means for generating at least one of a first layer
blood vessel extraction image, which is obtained
by extracting a first layer blood vessel at a spe-
cific depth from the multi-color image, and a sec-
ond layer blood vessel extraction image, which
is obtained by extracting a second layer blood
vessel at a position deeper than the first layer
blood vessel from the multi-color image, by per-
forming blood vessel extraction processing,
which differs depending on each of a plurality of
observation modes, on the multi-color image,
wherein the blood vessel extraction image gen-
eration means includes a plurality of calculated
value tables, which store a correlation between
a mucous membrane, the first layer blood ves-
sel, and the second layer blood vessel of the
subject and the calculated values, and a blood
vessel extraction image generation section that
generates at least one of the first layer blood
vessel extraction image and the second layer
blood vessel extraction image by performing
blood vessel extraction processing using a cal-
culated value table corresponding to the set ob-
servation mode,
the calculated value table is set for each of the
plurality of observation modes,
wherein in each of the calculated value tables,
a calculated value indicating a boundary be-
tween the mucous membrane and the first layer
blood vessel is stored as a first boundary value,
and a calculated value indicating a boundary be-
tween the mucous membrane and the second
layer blood vessel is stored as a second bound-
ary value, and
the first and second boundary values differ de-
pending on each calculated value table.

4. The endoscope system according to claim 3,
wherein the plurality of observation modes are
modes for improving visibility of a blood vessel in a
predetermined part of the subject, and
each of the observation modes is set for each pre-
determined part.

5. The endoscope system according to claims 3 or
4, further comprising:

blood vessel enhancement image or suppres-
sion image generation means for generating a
first layer blood vessel enhancement image or
suppression image, in which the first layer blood
vessel is enhanced or suppressed, using the first
layer blood vessel extraction image, or generat-
ing a second layer blood vessel enhancement
image or suppression image, in which the sec-
ond layer blood vessel is enhanced or sup-
pressed, using the second layer blood vessel
extraction image.
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6. The endoscope system according to claim 5, fur-
ther comprising:

display means for displaying at least one of the
first layer blood vessel enhancement image or
suppression image and the second layer blood
vessel enhancement image or suppression im-
age.

7. The endoscope system according to any one of
claims 3 to 6,
wherein the illumination means simultaneously irra-
diates blue narrowband light and fluorescent light
that is wavelength-converted by a wavelength con-
version member using the blue narrowband light, as
the illumination light, toward the subject, and
the image signal acquisition means images the sub-
ject, to which the blue narrowband light and the flu-
orescent light are irradiated simultaneously, using a
color imaging element.

8. The endoscope system according to any one of
claims 3 to 6,
wherein the illumination means sequentially irradi-
ates blue narrowband light and green narrowband
light, as the illumination light, toward the subject, and
the image signal acquisition means images the sub-
ject sequentially using a monochrome imaging ele-
ment whenever the blue narrowband light and the
green narrowband light are sequentially irradiated.

9. The endoscope system according to any one of
claims 3 to 8,
wherein the color signals include a blue signal having
information of a blue component and a green signal
having information of a green component, and
the multi-color image is a B/G image having a B/G
ratio obtained by dividing the blue signal by the green
signal for each pixel.

10. A processor device of an endoscope system in-
cluding an electronic endoscope that irradiates a
subject with illumination light including a blue com-
ponent and a green component and acquires two or
more color signals having different pieces of color
information by receiving and imaging return light
from the subject using an imaging element, compris-
ing:

multi-color image generation means for gener-
ating a multi-color image formed from calculated
values obtained by performing predetermined
calculation for each pixel using the two or more
color signals; and
blood vessel extraction image generation
means for generating at least one of a first layer
blood vessel extraction image, which is obtained
by extracting a first layer blood vessel at a spe-

cific depth from the multi-color image, and a sec-
ond layer blood vessel extraction image, which
is obtained by extracting a second layer blood
vessel at a position deeper than the first layer
blood vessel from the multi-color image, by per-
forming blood vessel extraction processing,
which differs depending on each of a plurality of
observation modes, on the multi-color image,
wherein the blood vessel extraction image gen-
eration means includes a plurality of calculated
value tables, which store a correlation between
a mucous membrane, the first layer blood ves-
sel, and the second layer blood vessel of the
subject and the calculated values, and a blood
vessel extraction image generation section that
generates at least one of the first layer blood
vessel extraction image and the second layer
blood vessel extraction image by performing
blood vessel extraction processing using a cal-
culated value table corresponding to the set ob-
servation mode,
the calculated value table is set for each of the
plurality of observation modes,
wherein in each of the calculated value tables,
a calculated value indicating a boundary be-
tween the mucous membrane and the first layer
blood vessel is stored as a first boundary value,
and a calculated value indicating a boundary be-
tween the mucous membrane and the second
layer blood vessel is stored as a second bound-
ary value, and
the first and second boundary values differ de-
pending on each calculated value table.

11. An image processing method performed in an
endoscope system including an electronic endo-
scope that irradiates a subject with illumination light
including a blue component and a green component
and acquires two or more color signals having dif-
ferent pieces of color information by receiving and
imaging return light from the subject using an imag-
ing element, the image processing method compris-
ing:

generating a multi-color image formed from cal-
culated values obtained by performing predeter-
mined calculation for each pixel using the two
or more color signals; and
generating at least one of a first layer blood ves-
sel extraction image, which is obtained by ex-
tracting a first layer blood vessel at a specific
depth from the multi-color image, and a second
layer blood vessel extraction image, which is ob-
tained by extracting a second layer blood vessel
at a position deeper than the first layer blood
vessel from the multi-color image, by performing
blood vessel extraction processing, which dif-
fers depending on each of a plurality of obser-
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vation modes, on the multi-color image,
wherein the blood vessel extraction processing
generates at least one of the first layer blood
vessel extraction image and the second layer
blood vessel extraction image by using a calcu-
lated value table corresponding to the set ob-
servation mode,
the calculated value table stores a correlation
between a mucous membrane, the first layer
blood vessel, and the second layer blood vessel
of the subject and the calculated values,
the calculated value table is set for each of the
plurality of observation modes,
in each of the calculated value tables, a calcu-
lated value indicating a boundary between the
mucous membrane and the first layer blood ves-
sel is stored as a first boundary value, and a
calculated value indicating a boundary between
the mucous membrane and the second layer
blood vessel is stored as a second boundary
value, and
the first and second boundary values differ de-
pending on each calculated value table.

Statement under Art. 19.1 PCT

1. Content of Amendment

(1) Claim 3 is amended as an independent claim by
incorporating claim elements of claims 2 and 3 to
claim 1.

(2) Dependency of Claim 4 is amended from "claims
1 to 3" to "claim 3".

(3) Dependency of Claim 5 is amended from "claims
1 to 4" to "claim 3 or 4".

(4) Dependency of Claim 7 is amended from "claims
1 to 6" to "claims 3 to 6".

(5) Dependency of Claim 8 is amended from "claims
1 to 6" to "claims 3 to 6".

(6) Dependency of Claim 9 is amended from "claims
1 to 8" to "claims 3 to 8".

(7) Claim 10 is amended from a processor device
claim of original claim 1 to a processor device claim
of amended claim 3.

(8) Claim 11 is amended from method claim of orig-
inal claim 1 to method claim of amended claim 3.

(9) Claims I and 2 are canceled.

2. Explanation

Claim element of claim 1 and claim element of claim 2
are incorporated to claim 3, and claim 3 is amended as
an independent claim.
Also, according to the amendment above, dependency
of claim 4 is amended from "claims 1 to 3" to "claim 3".
Further, dependency of claim 5 is amended from "claims
1 to 4" to "claim 3 or 4". Furthermore, dependency of
claim 7 is amended from "claims 1 to 6" to "claims 3 to
6". In addition, dependency of Claim 8 is amended from
"claims 1 to 6" to "claims 3 to 6". Also, in addition, De-
pendency of Claim 9 is amended from "claims 1 to 8" to
"claims 3 to 8".
Furthermore, according to the amendment above, claims
1 and 2 are canceled. In addition, claim 10 is amended
from a processor device claim of original claim 1 to a
processor device claim of amended claim 3. Amendment
is based on from paragraphs [0043] to [0052].
In the endoscope system and image generation method
stated by claims 1 to 11, claim elements described above
is not disclosed in any of cited documents.
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