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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an electronic
endoscope system for imaging information about a blood
vessel, a processor unit connectable to for an electronic
endoscope of said system and a method for obtaining
blood vessel information.

2. Description Related to the Prior Art

[0002] In a medical field, diagnosis and treatment with
use of an electronic endoscope is widely carried out in
recent years. The electronic endoscope is provided with
a slender insert section to be introduced into a human
body cavity. The insert section contains an image sensor
such as a CCD at a distal end. The electronic endoscope
is connected to a light source unit. Light from the light
source unit is guided through the electronic endoscope,
and is emitted from the distal end of the insert section to
light the inside of the body cavity. While the inside of the
body cavity is irradiated with the light, the image sensor
captures an image of an internal body part to be exam-
ined. The captured image is subjected to various types
of processing in a processor unit connected to the elec-
tronic endoscope, and then is displayed on a monitor.
The electronic endoscope can image the inside of the
human body cavity in real time, and facilitates the precise
diagnosis and the effective treatment.

[0003] Inthe light source unit, a white light source such
as a xenon lamp is used to emit white light (normal light),
that is, broad band light having wavelengths from the
blue region to the red region. The image captured under
the white light shows the whole picture of the internal
body part, but cannot clearly show arrangements of shal-
low and deep blood vessels in the interior wall, pit pat-
terns, and irregularities in surface tissue such as a de-
pression or lump. At clarifying such structural details, it
is known that application of narrow band light (special
light) having wavelengths within a specific band is effec-
tive. It is also known that the image captured under the
narrow band light provides various types of information
about living tissue, e.g. an oxygen saturation level in the
blood vessel.

[0004] In the endoscope system according to United
States Patent Application Publication No.2003/0176768,
forexample, the image is captured whenever light of each
of three primary colors of R, G, and B is applied as the
narrow band light. The longer the wavelength, the deeper
point the light reaches in the interior wall. Thus, the shal-
low or superficial blood vessel is enhanced in the image
captured under the B light. The middle blood vessel is
enhanced in the image captured under the G light, and
the deep blood vessel is enhanced in the image captured
under the R light. Also, image data of each color is sub-
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jected to color image processing, in order to produce an
image in which the shallow, middle, and deep blood ves-
sels are distinguished by different colors.

[0005] In this endoscope system, the wavelength
bands of the light of each color are sharply restricted so
that the bands of the light do not overlap one another.
Furthermore, after the images are captured, image sig-
nals are subjected to image processing and spatial fre-
quency filtering processing in consideration of a hemo-
globin index. This allows isolation of image data at a shal-
low depth i.e. near the surface of the living tissue, and
prevents mixing of an image of the deep blood vessel
with an image of the shallow and middle blood vessels.
[0006] In Japanese Patent No. 2648494, special light
IR1,IR2,and IR3 having wavelengths inthe near-infrared
region is used as the narrow band light. The absorbance
of the speciallight IR1 or IR3 by the blood vessel depends
on the oxygen saturation level, while the absorbance of
the special light IR2 by the blood vessel does not depend
thereon. The special lightIR1, IR2, and IR3 is separately
applied to capture three types of special images. Then,
difference in brightness is calculated among the images,
and the calculated brightness difference is reflected in
the image in monochrome or artificial color. This image
shows information about the oxygen saturation level in
the blood vessel.

[0007] In the endoscopic diagnosis, it is desirable to
take advantage of not only the image having the en-
hanced blood vessels but also the numerical blood vessel
information including the hemoglobin index and the ox-
ygen saturation level obtained from the image, for the
purpose of improving diagnostic accuracy.

[0008] However, the United States Patent Application
Publication No. 2003/0176768 does not describe deter-
mination of the hemoglobin index and the oxygen satu-
ration level of the blood vessel, though describes the
depth of the blood vessel. The Japanese Patent No.
2648494 describes determination of the oxygen satura-
tion level, but the oxygen saturation level is calculated
without consideration of the depth of the blood vessel.
Therefore, the determined oxygen saturation level could
be incorrect depending on the depth of the blood vessel.
[0009] EP 1484 001 A1 discloses an electronic endo-
scope system including a light applying section adapted
toapply atleast three types of light (R,G,B) as illumination
light to an internal body part containing a blood vessel.
An image sensor captures an image of the internal body
part irradiated with the illumination light. The system fur-
ther includes a calculation block for calculating IHb val-
ues (hemoglobin index).

[0010] EP 1880 657 A1 discloses an electronic endo-
scope apparatus in which three narrowband light signals
are used to calculate both the blood vessel depth and
the concentration of hemoglobin. Specifically, said nar-
row bands are 590-610 nm. 530-550 nmand 400-430 nm.
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SUMMARY OF THE INVENTION

[0011] An object of the presentinvention is to precisely
determine blood vessel information including a hemo-
globin index and an oxygen saturation level with consid-
eration of the depth of a blood vessel.

[0012] To achieve the above and other objects of the
present invention, an electronic endoscope system ac-
cording to the present invention includes the features of
claim 1.

[0013] The three types of the illumination light include
first narrow blue band light, second narrow blue band
light, and third narrow green band light. The narrow band
signal corresponding to the three types of the narrow
band light includes a first narrow blue band signal, a sec-
ond narrow blue band signal, and a third narrow green
band signal.

[0014] The electronic endoscope system includes a
brightness ratio calculating section and a memory. The
brightness ratio calculating section calculates a first
brightness ratio between the first narrow blue band signal
and the second narrow blue band signal, and a second
brightness ratio between the third narrow green band sig-
nal and the second narrow blue band signal. The memory
stores in advance a correlation between the depth of the
blood vessel and the hemoglobin index, with respect to
the first and second brightness ratios. The blood vessel
information obtaining section obtains based on the cor-
relation stored in the memory the depth of the blood ves-
sel and the hemoglobin index from the first and second
brightness ratios.

[0015] The memory may store in advance a correlation
between a brightness coordinate system representing
the first and second brightness ratios and a blood vessel
information coordinate system representing the depth of
the blood vessel and the hemoglobin index. The blood
vessel information obtaining section plots coordinates of
the first and second brightness ratios on the brightness
coordinate system, and then reads out from the blood
vessel information coordinate system coordinates of the
depth of the blood vessel and the hemoglobin index cor-
responding to the plotted coordinates, to identify values
of the depth of the blood vessel and the hemoglobin in-
dex.

[0016] The first narrow blue band light has wave-
lengths of 40510 nm, and the second narrow blue band
light has wavelengths of 47010 nm. The third narrow
green band light has wavelengths of 56010 nm.
[0017] The light applying section may selectively emit
the first narrow blue band light, the second narrow blue
band light, and the third narrow green band light. The
image sensor captures the image under the first narrow
blue band light to obtain the first narrow blue band signal
of one frame, and captures the image under the second
narrow blue band light to obtain the second narrow blue
band signal of one frame, and captures the image under
the third narrow green band light to obtain the third narrow
green band signal of one frame.
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[0018] The light applying section may include a white
light source for emitting white broad band light, and a
wavelength band limiting section disposed between the
white light source and the image sensor. The wavelength
band limiting section selectively extracts the three types
of the narrow band light out of the broad band light.
[0019] The wavelength band limiting section may be
an acoustic-optical tunable filter. Otherwise, the wave-
length band limiting section may be a rotary filter having
a plurality of filters that selectively pass the three types
of the narrow band light.

[0020] The illumination light may further include fourth
narrow blue band light having wavelengths of 44010
nm. An oxygen saturation level in the blood vessel is
obtained as the blood vessel information from a fourth
narrow blue band signal corresponding to the fourth nar-
row blue band, light.

[0021] A processor unit according to a preferred em-
bodiment includes a receiving section for receiving an
image signal from an electronic endoscope, and a blood
vessel information obtaining section. The image signal
is obtained by the image sensor.

[0022] A method forobtaining blood vessel information
according to the present disclosure includes the steps of
applying at least three types of narrow band light having
wavelengths within 400 nm to 600 nm as illumination light
to an internal body part containing a blood vessel, cap-
turing an image of the internal body part irradiated with
theillumination light, and obtaining blood vessel informa-
tion based on a narrow band signal corresponding to the
three types of the narrow band light.

[0023] According to the present disclosure, the three
types of the narrow band light are in different wavelength
bands from one another within 400 nm to 600 nm, and
include at least one type of blue band illumination light
and at least one type of green band illumination light. The
three types of the narrow band light are applied to living
tissue containing the blood vessel inside a body cavity.
The image of the living tissue is captured during applica-
tion of the illumination light, to obtain a plurality of narrow
band signals that correspond to each type of the narrow
band light in the different wavelength band. The blood
vessel information including the depth of the blood vessel
and the hemoglobin index is obtained based on the ob-
tained plural narrow band signals. Thus, it is possible to
precisely obtain the blood vessel information such as the
hemoglobin index and an oxygen saturation level, in con-
sideration of the depth of the blood vessel.

[0024] According to the present invention, information
on the shallow or superficial blood vessel is obtained with
the use of the first and second narrow blue band light,
and information on the deep blood vesselis obtained with
the use of the third narrow green band light. Therefore,
it is possible to precisely obtain the hemoglobin index of
the blood vessel lying in a shallow to relatively deep (at
most 500 nm) depth, which is concerned in diagnosis.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] For more complete understanding of the
present invention, and the advantage thereof, reference
is now made to the following descriptions taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a perspective view of an electronic endo-
scope system according to a first embodiment;

Fig. 2 is a block diagram of the electronic endoscope
system according to the first embodiment;

Fig. 3A is an explanatory view of imaging operation
of a CCD in a normal light mode;

Fig. 3B is an explanatory view of imaging operation
of the CCD in a special light mode;

Fig. 4 is a graph showing correspondence among
first and second brightness ratios R1 and R2, the
depth of a blood vessel, and a hemoglobin index;
Fig. 5 is a graph showing an absorption coefficient
of hemoglobin;

Fig. 6 is a graph showing correspondence among
third and fourth brightness ratios R3 and R4, the
depth of the blood vessel, and an oxygen saturation
level;

Fig. 7A is a graph in which coordinates (R1*, R2*)
of the first and second brightness ratios are plotted
on a brightness coordinate system;

Fig. 7B is a graph that explains how to obtain coor-
dinates (K*, L*) corresponding to the coordinates
(R1*, R2*) on a blood vessel information coordinate
system;

Fig. 8A is a graph in which coordinates (R3*, R4%)
of the third and fourth brightness ratios are plotted
on a brightness coordinate system;

Fig. 8B is a graph that explains how to obtain coor-
dinates (U*, V*) corresponding to the coordinates
(R3*, R4*) on a blood vessel information coordinate
system;

Fig. 9 is a plan view of a monitor on which only one
of a blood vessel depth image, a hemoglobin index
image, and an oxygen saturation image is displayed;
Fig. 10 is a plan view of the monitor on which all of
the blood vessel depth image, the hemoglobin index
image, and the oxygen saturation image are simul-
taneously displayed;

Fig. 11 is a plan view of the monitor on which blood
vessel information including depth data, hemoglobin
index data, and oxygen saturation data is displayed
in text form;

Fig. 12 is a flowchart of the electronic endoscope
system;

Fig. 13 is a block diagram of the electronic endo-
scope system according to a second embodiment;
Fig. 14 is an explanatory view of imaging operation
of the CCD in the special light mode;

Fig. 15is a graph showing the spectral transmittance
of each of R, G, and B color filters and the spectral
intensity of normal light and first, second, and fourth
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special light;

Fig. 16 is a block diagram of the electronic endo-
scope system according to a third embodiment;
Fig. 17 is a schematic plan view of a rotary filter hav-
ing a normal light transmission region and first to
fourth special light transmission regions;

Fig. 18 is a schematic plan view of a rotary filter hav-
ing B, G, and R color filters; and

Fig. 19 is a schematic plan view of a rotary filter hav-
ing the B, G, R color filters and the first to fourth
special light transmission regions.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodiment

[0026] As shown in Fig. 1, an electronic endoscope
system 10 according to a first embodiment is constituted
of an electronic endoscope 11 for imaging the inside of
a human body cavity, a processor unit 12 that produces
an endoscope image from an image signal obtained by
the electronic endoscope 11, a light source unit 13 that
supplies the electronic endoscope 11 with light for lighting
the inside of the body cavity, and a monitor 14 for dis-
playing the endoscope image. The electronic endoscope
11 is provided with a flexible insert section 16 to be in-
troduced into the human body cavity, an operation sec-
tion 17 disposed at a proximal end of the insert section
16, and a universal cord 18 for connecting the operation
section 17 to the processor unit 12 and the light source
unit 13.

[0027] The insert section 16 has a bending portion 19
at its distal end. The bending portion 19 is composed of
a train of joint pieces . The bending portion 19 flexibly
bends up or down or from side to side in response to
operation of an angle knob 21 provided on the operation
section 17. The bending portion 19 is provided with a
distal end portion 16a that has the function of imaging.
The distal end portion 16ais aimed at a desired direction
inside the body cavity by flexibly bending the bending
portion 19.

[0028] A connector 24 is attached to an end of the uni-
versal cord 18. The connector 24 is a complex connector
that has a communication connector to be coupled to the
processor unit 12 and a lighting connector to be coupled
to the light source unit 13. The electronic endoscope 11
is detachably connected to the processor unit 12 and the
light source unit 13 via the connector 24.

[0029] As shown in Fig. 2, the light source unit 13 is
provided with a normal light source (broad band light
source) 30, a shutter 31, a shutter driver 32, first to fourth
special light sources (first to fourth narrow band light
sources) 33 to 35 and 38, a coupler 36, and a light source
switch 37. The normal light source 30 is a xenon lamp,
a white LED, a micro white light source, or the like, and
emits broad band light i.e. normal light (white light) NL
that has wavelengths in a broad band from the red region
to the blue region (approximately 470 to 700 nm). The
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normal light source 30 is always turned on during the use
of the electronic endoscope 11. The normal light NL emit-
ted from the normal light source 30 is converged by a
condenser lens 39, and enters a normal light transmitting
fiber 40.

[0030] The shutter 31 is disposed between the normal
light source 30 and the condenser lens 39. The shutter
31 is movable between an insertion position in which the
shutter 31 is disposed in an optical path of the normal
light NL to block the normal light NL, and a retraction
position in which the shutter 31 gets out of the optical
path to allow the normal light NL to travel to the condenser
lens 39. The shutter driver 32 is connected to a controller
59 of the processor unit 12, and controls operation of the
shutter 31 based on a command from the controller 59.
[0031] Each of the first to fourth special light sources
33 to 35 and 38 is a laser diode, an LED, or the like, and
emits specific narrow band lighti.e. special light. The first
special light source 33 emits first special light L1 in a
narrow blue band having wavelengths of 40010 nm,
preferably 405 nm. The second special light source 34
emits second special light L2 in a narrow blue band hav-
ing wavelengths of 47010 nm, preferably 473 nm. The
third special light source 35 emits third special light L3 in
a narrow green band having wavelengths of 56010 nm,
preferably 560 nm. The fourth special light source 38
emits fourth special light L4 in a narrow blue band having
wavelengths of 44010 nm, preferably 445 nm. The first
to fourth special light sources 33 to 35 and 38 are con-
nected to special light transmitting fibers 33a to 35a and
38a, so that the first to fourth special light L1 to L4 emitted
from each light source enters the first to fourth special
light transmitting fibers 33a to 35a and 38a, respectively.
[0032] The coupler 36 connects the normal light trans-
mitting fiber 40 and the first to fourth special light trans-
mitting fibers 33ato 35a and 38atoalightguide 43, which
is routed through the electronic endoscope 11. Thus, the
normal light NL enters the light guide 43 through the nor-
mal light transmitting fiber 40. The first to fourth special
light L1 to L4 enters the light guide 43 through the first
to fourth special light transmitting fibers 33a to 35a and
38a, respectively.

[0033] The light source switch 37 is connected to the
controller 59 of the processor unit 12, and turns on or off
each of the first to fourth special light sources 33 to 35
and 38 based on a command from the controller 59. In
the first embodiment, if the electronic endoscope system
10 is put into the normal light mode, the normal light NL
is applied to the internal body part to capture a normal
image, while the first to fourth special light sources 33 to
35 and 38 are turned off. If the electronic endoscope sys-
tem 10 is put into the special light mode, on the other
hand, the first to fourth special light sources 33 to 35 and
38 are successively turned on to capture special images,
while application of the normal light NL is stopped.
[0034] To be more specific, the first special light source
33isinitially turned on by the light source switch 37. While
the first special light L1 is applied to the internal body
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part, theimage is captured. Upon completion of capturing
the image, the controller 59 commands switching of the
light source. Thus, the first special light source 33 is
turned off, and the second special light source 34 is
turned on. While the second special light L2 is applied to
the internal body part, the image is captured. Upon com-
pletion of capturing the image, in a like manner, the sec-
ond special light source 34 is turned off, and the third
special light source 35is turned on. While the third special
light L3 is applied to the internal body part, the image is
captured. Upon completion of capturing the image, the
third special light source 35 is turned off, and the fourth
special light source 38 is turned on. While the fourth spe-
cial light L4 is applied to the internal body part, the image
is captured. Upon completion of capturing the image, the
fourth special light source 38 is turned off.

[0035] The electronic endoscope 11 is provided with
the light guide 43, a CCD 44, an analog front end proc-
essor (AFE) 45, and an imaging controller 46. The light
guide 43 is a large-diameter optical fiber, a bundle of
fibers, or the like. A light entry end of the light guide 43
is inserted into the coupler 36 of the light source unit 13,
and a light exit end thereof is aimed at a lighting lens 48.
The normal light NL or the special light L1, L2, L3, or L4
from the light source unit 13 is guided through the light
guide 43, and is incident upon the lighting lens 48. The
light incident upon the lighting lens 48 is applied to the
internal body part to be examined through a lighting win-
dow 49, which is attached to an end surface of the distal
end portion 16a. Then, the normal light NL or the special
light L1, L2, L3, or L4 is reflected from the internal body
part, and is incident upon a condenser lens 51 through
an imaging window 50, which is attached to the end sur-
face of the distal end portion 16a.

[0036] The CCD 44 is a monochrome CCD thatis sen-
sitive to visible light including the normal light NL and the
special light L1 to L4. The CCD 44 receives the light from
the condenser lens 51 at an imaging surface 44a, and
makes photoelectric conversion from the received light
into signal charges and accumulates the signal charges.
Then, the accumulated signal charges are read out as
an image signal. The read image signal is sent to the
AFE 45. The image signal obtained by the entry of the
normal light NL into the CCD 44 is referred to as anormal
image signal. The image signals obtained by the entry
of the first to fourth special light L1 to L4 into the CCD 44
are referred to as first to fourth image signals, respec-
tively.

[0037] The AFE 45 includes a correlated double sam-
pling circuit (CDS), an automatic gain controller (AGC),
and an analog-to-digital converter (A/D) (none of them
is illustrated) . The CDS applies correlated double sam-
pling processing to the image signal outputted from the
CCD 44, to remove noise due to operation of the CCD
44. The AGC amplifies the image signal after noise re-
moval by the CDS. The A/D converts the image signal
amplified by the AGC into the digital image signal of a
predetermined number of bits, and inputs the digital im-



9 EP 2 368 480 B1 10

age signal to the processor unit 12.

[0038] The imaging controller 46 is connected to the
controller 59 of the processor unit 12, and sends a drive
signal to the CCD 44 in response to a command from the
controller 59. In response to the drive signal from the
imaging controller 46, the CCD 44 outputs the image sig-
nal to the AFE 45 at a predetermined frame rate. In the
normal light mode, as shown in Fig. 3A, two-step oper-
ation that includes the step of making the photoelectric
conversion of the normal light NL and accumulating the
signal charges and the step of reading out the accumu-
lated signal charges as the normal image signal is carried
outin a single frame. This two-step operation is repeated
during the normal light mode.

[0039] On the other hand, in the special light mode, as
shown in Fig. 3B, two-step operation that includes the
step of making the photoelectric conversion of the first
special light L1 and accumulating the signal charges and
the step of reading out the accumulated signal charges
as the first special image signal is carried out in a first
frame. After completion of the readout of the first special
image signal, the step of making the photoelectric con-
version of the second special light L2 and accumulating
the signal charges and the step of reading out the accu-
mulated signal charges as the second special image sig-
nal are carried out in a second frame. After completion
of the readout of the second special image signal, the
step of making the photoelectric conversion of the third
special light L3 and accumulating the signal charges and
the step of reading the accumulated signal charges as
the third special image signal are carried out in a third
frame. After completion of the readout of the third special
image signal, the step of making the photoelectric con-
version of the fourth special light L4 and accumulating
the signal charges and the step of reading the accumu-
lated signal charges as the fourth special image signal
are carried out in a fourth frame. These first to fourth
frames are repeated.

[0040] As shown in Fig. 2, the processor unit 12 in-
cludes a digital signal processor (DSP) 55, aframe mem-
ory 56, a blood vessel image generator 57, and a display
control circuit 58, and the controller 59 controls operation
of each part. The DSP 55 applies color separation
processing, colorinterpolation processing, white balance
adjustment processing, gamma correction processing,
and the like to the normal image signal and the first to
fourth special image signals outputted from the AFE 45
of the electronic endoscope 11, to produce a normal im-
age and first to fourth special images . The normal image
and the first to fourth special images produced by the
DSP 55 are written to the frame memory 56 .

[0041] The blood vessel image generator 57 includes
a brightness ratio calculator 60, a depth-hemoglobin in-
dex correlation memory 61, a depth-oxygen saturation
correlation memory 65, a depth and hemoglobin index
calculator 62, a depth and oxygen saturation calculator
69, a depth image generator 63, a hemoglobin index im-
age generator 64, and an oxygen saturation image gen-
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erator 78. The brightness ratio calculator 60 extracts a
blood vessel area including a blood vessel from each of
the first to fourth special images stored on the frame
memory 56. The blood vessel area may be extracted
based on difference in brightness between a portion of
the blood vessel and the other portion, by way of exam-
ple.

[0042] The brightness ratio calculator 60 calculates a
firstbrightness ratioR1, that s, the logarithm of the bright-
ness ratio between the first specialimage and the second
special image (Log(B1/B2)), and a second brightness ra-
tio R2, that is, the logarithm of the brightness ratio be-
tween the third special image and the second special
image (Log (G/B2)), on pixels lying in the same position
within the blood vessel area among the first to third spe-
cial images. Wherein, B1 represents a brightness value
of the pixel in the first special image. B2 represents the
brightness value of the pixel in the second special image,
and G represents the brightness value of the pixel in the
third special image. The brightness ratio calculator 60
also calculates the brightness ratio (third brightness ratio)
R3 between the fourth special image and the first special
image (B4/B1), and the brightness ratio (fourth bright-
ness ratio) R4 between the second special image and
the first special image (B2/B1). Wherein, B4 represents
the brightness value of the pixel in the fourth special im-
age.

[0043] The depth-hemoglobin index correlation mem-
ory 61 stores the correlation among the first and second
brightness ratios R1 and R2, a hemoglobin index, and
the depth of the blood vessel. This correlation is obtained
by analysis of a number of first to third special images
accumulated in past diagnosis and the like.

[0044] To be more specific, the depth-hemoglobin in-
dex correlation memory 61 stores the correlation be-
tween a brightness coordinate system 79 that represents
the first and second brightness ratios R1 and R2 and a
blood vessel information coordinate system 83 that rep-
resents the hemoglobin index and the depth of the blood
vessel, as shown in Fig. 4. The blood vessel information
coordinate system 83 is a KL coordinate system estab-
lished in the brightness coordinate system 79. In the
blood vessel information coordinate system 83, a K axis
represents the depth of the blood vessel, and an L axis
represents the hemoglobin index. Since the depth of the
blood vessel increases with increase in the first and sec-
ond brightness ratios R1 and R2, the K axis has a positive
gradient to the brightness coordinate system 79. With
respecttothe K axis, the blood vessel becomes shallower
toward the lower left, and becomes deeper toward the
upper right. Since the hemoglobin index increases with
increase in the first and second brightness ratios R1 and
R2, the L axis has a positive gradient to the brightness
coordinate system 79. With respect to the L axis, the
hemoglobin index becomes higher toward the lower left,
and becomes lower toward the upper right.

[0045] The depth-oxygen saturation correlation mem-
ory 65 stores the correlation among the third and fourth
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brightness ratios R3 and R4, an oxygen saturation level,
and the depth of the blood vessel. This correlation holds
if an absorption coefficient pa of hemoglobin in the blood
vessel depends on a wavelength, as shown in Fig. 5, and
is obtained by analysis of a number of first, second and
fourth special images accumulated in past diagnosis and
the like. In Fig. 5, the absorption coefficient pa represents
absorbance being the degree of absorption of the light
by the hemoglobin, and is a coefficient of an expression
of [gexp(-uaxx), which expresses attenuation of light ap-
plied to the hemoglobin. Wherein, |, represents the in-
tensity of the light applied from a light source unit to living
tissue, and x (cm) represents the depth of the blood ves-
sel in the living tissue.

[0046] The reduced hemoglobin 70 that is not com-
bined with oxygen and the oxygenated hemoglobin 71
that is combined with oxygen have different absorbance
properties from each other. Thus, the reduced hemoglob-
in 70 and the oxygenated hemoglobin 71 show difference
in the absorbance with the exceptions of equal absorb-
ance points (intersection points of the reduced hemo-
globin 70 and the oxygenated hemoglobin 71 in Fig. 5)
that indicate the same absorbance (absorption coeffi-
cient pa). The difference in the absorbance brings about
difference in a brightness value, even if light having the
same intensity and the same wavelength is applied to
the same blood vessel. Also, in a case where the two
types of light having the same intensity and different
wavelengths are applied, the brightness values vary with
the types of the light because the absorption coefficient
pa depends on the wavelength of the light.

[0047] Considering the absorbance properties of the
hemoglobin as described above, it is preferable that at
least one of the first, second, and fourth special lights L1,
L2, and L4 has a wavelength band centered at 450 nm
or less, because the absorbance varies with the oxygen
saturation level at wavelengths of 445 nm and 405 nm,
and the light of the short wavelength with deep reach is
required to extract the information about the depth of the
blood vessel. Difference in the wavelength brings about
difference in the absorption coefficient and difference in
the depth of reach in mucosa, irrespective of the same
oxygen saturation level. Thus, it is possible to obtain the
correlation between the brightness ratio and the depth
of the blood vessel by taking advantage of the property
of the light that the depth of reach of the light depends
on the wavelength.

[0048] The depth-oxygen saturation correlation mem-
ory 65 stores the correlation between a brightness coor-
dinate system 66 that represents the third and fourth
brightness ratios R3 and R4 and a blood vessel informa-
tion coordinate system 67 that represents the oxygen
saturation level and the depth of the blood vessel, as
shown in Fig. 6. The blood vessel information coordinate
system 67 is a UV coordinate system established on the
brightness coordinate system 66. A U axis represents
the depth of the blood vessel, and a V axis represents
the oxygen saturation level. Since the depth of the blood
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vessel increases with increase in the third and fourth
brightness ratios R3 and R4, the U axis has a positive
gradient to the brightness coordinate system 66. With
respect to the U axis, the blood vessel becomes shallow-
er toward the upper right, and becomes deeper toward
the lower left. Since the oxygen saturation level decreas-
es with increase in the third and fourth brightness ratios
R3 and R4, the V axis has a negative gradient to the
brightness coordinate system 66. With respect to the V
axis, the oxygen saturation level becomes lower toward
the upper left, and becomes higher toward the lower right.
[0049] In the blood vessel information coordinate sys-
tem 67, the U axis and the V axis intersect with each
other at right angles at an intersection point P. This is
because the magnitude relation of the absorbance is re-
versed between application of the fourth special light L4
and application of the second special light L2. In other
words, as shown in Fig. 5, in application of the fourth
special light L4 having the wavelengths of 44010 nm,
the absorption coefficient of the reduced hemoglobin 70
is larger than that of the oxygenated hemoglobin 71 with
higher oxygen saturation level. In application of the sec-
ond special light L2 having the wavelengths of 47010
nm, on the other hand, the absorption coefficient of the
oxygenated hemoglobin 71 is larger than that of the re-
duced hemoglobin 70. If other types of special light
among which the magnitude relation of the absorbance
is not reversed are applied instead of the first, second,
and fourth special light L1, L2, and L4, the U and V axes
do not intersect at the right angles. In application of the
first special light L1 having the wavelengths of 400+10
nm, the absorption coefficient of the oxygenated hemo-
globin 71 is substantially equal to that of the reduced
hemoglobin 70.

[0050] AsshowninFig.7A, the depth and hemoglobin
index calculator 62 plots in the brightness coordinate sys-
tem 79 coordinates (R1*, R2*) that correspond to the first
and second brightness ratios R1* and R2* being meas-
urement values. After the plot of the coordinates (R1*,
R2*), as shown in Fig. 7B, coordinates (K*, L*) corre-
sponding to the coordinates (R1*, R2*) are identified in
the blood vessel information coordinate system 83. Thus,
depth data K* and hemoglobin index data L* are obtained
with respect to the pixel in the predetermined position in
the blood vessel area.

[0051] Asshownin Fig. 8A, the depth and oxygen sat-
uration calculator 69 plots in the brightness coordinate
system 66 coordinates (R3*, R4*) that correspond to the
third and fourth brightness ratios R3* and R4* being
measurement values. After the plot of the coordinates
(R3*, R4*), as shown in Fig. 8B, coordinates (U*, V*)
corresponding to the coordinates (R3*, R4*) are identified
in the blood vessel information coordinate system 67.
Thus, depth data U* and oxygen saturation data V* are
obtained with respect to the pixel in the predetermined
position in the blood vessel area.

[0052] The depth image generator 63 has a color map
(CM) 63a to assign color data to each pixel within the



13 EP 2 368 480 B1 14

blood vessel area in accordance with the depth of the
blood vessel. The color map 63a describes color assign-
ment to clearly distinguish the depth of the blood vessel,
in such a manner as to assign blue to the shallow blood
vessel, green to the middle blood vessel, and red to the
deep blood vessel, for example. The depth image gen-
erator 63 defines based on the color map 63a the color
data corresponding to the depth data K* obtained by the
depth and hemoglobin index calculator 62. The color data
may be defined from the depth data U* obtained by the
depth and oxygen saturation calculator 69.

[0053] After the color data is defined on every pixel
within the blood vessel area, the depth image generator
63 reads out the normal image from the frame memory
56, and incorporates the color data into the read normal
image. Thus, a blood vessel depth image is produced
with the incorporation of the depth of the blood vessel.
The produced blood vessel depth image is written to the
frame memory 56. The color data may be incorporated
into any of the first to third special images or a composi-
tion image produced from the first to third special images,
instead of the normal image.

[0054] The hemoglobin index image generator 64 has
a color map (CM) 64a to assign color data to each pixel
within the blood vessel area in accordance with the de-
gree of the hemoglobin index. The color map 64a de-
scribes color assignmentto clearly distinguish the degree
of the hemoglobin index, in such a manner as to assign
red to the low hemoglobin index, gray to the middle he-
moglobin index, and cyan to the high hemoglobin index,
for example. The hemoglobin index image generator 64
defines based on the color map 64a the color data cor-
responding to the hemoglobin index data L* obtained by
the depth and hemoglobin index calculator 62. The color
data is incorporated into the normal image to produce a
hemoglobin index image with artificial color. The gener-
ated hemoglobin index image is written to the frame
memory 56, just as with the blood vessel depth image.
[0055] The oxygen saturationimage generator 78 has
a color map (CM) 78a to assign color data to each pixel
within the blood vessel area in accordance with an oxy-
gen saturation level. The color map 78a describes color
assignment to clearly distinguish the oxygen saturation
level, in such a manner as to assign cyan to the low ox-
ygen saturation level, magenta to the middle oxygen sat-
uration level, and yellow to the high oxygen saturation
level, for example. The oxygen saturation image gener-
ator 78 defines based on the color map 78a the color
data corresponding to the oxygen saturation data V* ob-
tained by the depth and oxygen saturation calculator 69.
The color data is incorporated into the normal image to
produce the oxygen saturation image. The produced ox-
ygen saturation image is written to the frame memory 56,
just as with the blood vessel depth image.

[0056] The display control circuit 58 reads out one or
plural images from the frame memory 56, and displays
the image orimages on the monitor 14. There are various
patterns of display. For example, as shown in Fig. 9, a
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normal image 72 is displayed on a half of the monitor 14,
and one of a blood vessel depth image 73, a hemoglobin
index image 84, and an oxygen saturation image 74 cho-
sen by an image switching button 68 (see Fig. 2) may be
displayed on the remaining half of the monitor 14. In the
blood vessel depth image 73 of Fig. 8, a blood vessel
image 75 is colored blue for indicating the shallow blood
vessel, and a blood vessel image 76 is colored green for
indicating the middle blood vessel, and a blood vessel
image 77 is colored red for indicating the deep blood
vessel. In the hemoglobin index image 84, a blood vessel
image 86 is colored red for indicating the low hemoglobin
index, and a blood vessel image 87 is colored gray for
indicating the middle hemoglobin index, and a blood ves-
sel image 88 is colored cyan for indicating the high he-
moglobin index. In the oxygen saturation image 74, a
blood vessel image 80 is colored cyan for indicating the
low oxygen saturation level, and a blood vessel image
81 is colored magenta for indicating the middle oxygen
saturation level, and a blood vessel image 82 is colored
yellow for indicating the high oxygen saturation level.
[0057] Allof the three images of the blood vessel depth
image 73, the hemoglobin index image 84, and the oxy-
gen saturation image 74 may be simultaneously dis-
played as shown in Fig. 10. Otherwise, as shown in Fig.
11, upon choosing an arbitrary blood vessel 85 by point-
ing with a mouse (not illustrated) or the like on the normal
image 72 displayed on the monitor 14, the depth (D), the
oxygen saturation level (Sa02), and the hemoglobin in-
dex (Hbl) of the blood vessel 85 may be displayed in text.
In the display pattern of Fig. 11, the blood vessel depth
image 73, the hemoglobin index image 84, and the oxy-
gen saturation image 74 are not displayed.

[0058] The operation of the electronic endoscope sys-
tem 10 will be described with referring to Fig. 12. The
electronicendoscope system 10 is switched from the nor-
mal light mode to the special light mode (S1) by operation
on aconsole 23. Upon switching to the special light mode,
the normal image that is captured at the time of switching
is written to the frame memory 56 (S2) for use in produc-
tion of the blood vessel depth image, the hemoglobin
index image, and the oxygen saturation image. The nor-
mal image captured before the operation of the console
23 may be used instead to produce the blood vessel
depth image and the like.

[0059] Then, when the controller 59 sends a normal
light application stop command to the shutter driver 32,
the shutter driver 32 moves the shutter 31 from the re-
traction position to the insertion position to stop applying
the normal light NL to the internal body part to be exam-
ined. Upon stopping application of the normal light NL, a
special light application start command is issued from
the controller 59 to the light source switch 37. Thus, the
light source switch 37 turns on the first special light source
33 to apply the first special light L1 to the internal body
part (S3). Upon application of the first special light L1,
the controller 59 issues an image capture command to
the imaging controller 46. Thus, the image is captured
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under the first special light L1 (S4), and the obtained first
special image signal is sent through the AFE 45 to the
DSP 55. In the DSP 55, the first special image is gener-
ated from the first special image signal. The generated
first special image is written to the frame memory 56.
[0060] After the first special image is written to the
frame memory 56, the light source switch 37 switches
the light to be applied from the first special light L1 to the
second special light L2 (S5), in response to a light source
switching command from the controller 59. Then, the im-
age is captured under the second special light L2 (S6),
as withabove, and the second specialimage is generated
from the second special image signal. The generated
second special image is written to the frame memory 56.
[0061] After the second special image is written to the
frame memory 56, the light source switch 37 switches
the light to be applied from the second special light L2 to
the third special light L3 (S7), in response to the light
source switching command from the controller 59. Then,
the image is captured under the third special light L3 (S8),
and the third special image is generated from the third
special image signal. The generated third special image
is written to the frame memory 56.

[0062] After the third special image is written to the
frame memory 56, the light source switch 37 switches
the light to be applied from the third special light L3 to
the fourth special light L4 (S9), in response to the light
source switching command from the controller 59. Then,
the image is captured under the fourth special light L4
(810), and the fourth special image is generated from
the fourth special image signal. The generated fourth
special image is written to the frame memory 56.
[0063] After the normal image and the first to fourth
special images are written to the frame memory 56, the
brightness ratio calculator 60 extracts the blood vessel
area containing the blood vessel from each of the first to
fourth special images. Then, the brightness ratio calcu-
lator 60 calculates the first brightness ratio R1* from the
first and second special images, the second brightness
ratio R2* from the third and second special images, the
third brightness ratio R3* from the fourth and first special
images, and the fourth brightness ratio R4* from the sec-
ond and first special images, on the pixels lying in the
same position within the blood vessel area (S11).
[0064] Next, the depth and hemoglobin index calcula-
tor 62 identifies in the blood vessel information coordinate
system 83 the coordinates (K*, L*) corresponding to the
first and second brightness ratios R1* and R2* being the
measurement values, based on the correlation stored in
the depth-hemoglobin index correlation memory 61.
Thus, the depth data K* and the hemoglobin index data
L* are obtained on the predetermined pixel within the
blood vessel area (S12).

[0065] Upon obtainment of the depth data K* and the
hemoglobin index data L*, the color data corresponding
to the depth data K* is defined from the CM 63a of the
depth image generator 63. The color data corresponding
to the hemoglobin index data L* is defined from the CM
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64a of the hemoglobin index image generator 64 (S13).
The defined color data is written to a RAM (not illustrated)
in the processor unit 12.

[0066] Next, the depth and oxygen saturation calcula-
tor 69 identifies in the blood vesselinformation coordinate
system 67 the coordinates (U*, V*) corresponding to the
third and fourth brightness ratios R3* and R4* being the
measurement values, based on the correlation stored in
the depth-oxygen saturation correlation memory 65.
Thus, the depth data U* and the oxygen saturation data
V* are obtained on the predetermined pixel within the
blood vessel area (S14). The depth data U* is not used
in this embodiment, because it is the same as the depth
data K* described above.

[0067] Then, the color data corresponding to the oxy-
gen saturation data V* is defined from the CM 78a of the
oxygen saturation image generator 78 (S15) . The de-
fined color data is written to the RAM (not illustrated) of
the processor unit 12.

[0068] By repeating the above steps S11 to S15 until
step S16 becomes YES, the depth data K*, the hemo-
globin index data L*, and the oxygen saturation data V*
are obtained on every pixel within the blood vessel area.
Also, the color data corresponding to each of the depth
data K*, the hemoglobin index data L*, and the oxygen
saturation data V* is defined.

[0069] Afterthe depthdata, the hemoglobinindex data,
and the oxygen saturation data, and the color data cor-
responding thereto are obtained on every pixel within the
blood vessel area (YES in S16), the depth image gener-
ator 63 reads out the normal image from the frame mem-
ory 56. The depth image generator 63 incorporates the
color data written to the RAM into the normal image to
produce the blood vessel depth image. The hemoglobin
index image generator 64 produces the hemoglobin in-
dex image in a like manner as the blood vessel depth
image. The oxygen saturation image generator 78 also
produces the oxygen saturation image in a like manner
(S17). The produced blood vessel depth image, hemo-
globinindex mage, and oxygen saturationimage are writ-
ten to the frame memory 56.

[0070] The display control circuit 58 reads each image
from the frame memory 56, and displays the normal im-
age 72, the blood vessel depthimage 73, the hemoglobin
index image 84, and the oxygen saturation image 74 on
the monitor 14 (S18) as shown in Fig. 9 or 10. In Fig. 9,
one of the blood vessel depth image 73, the hemoglobin
index image 84, and the oxygen saturation image 72 is
displayed on the monitor 14 together with the normal im-
age 72. In Fig. 10, four images of the normal image 72,
the blood vessel depth image 73, the hemoglobin index
image 84, and the oxygen saturation image 74 are simul-
taneously displayed on the monitor 14.

Second Embodiment

[0071] Inan electronic endoscope system 100 accord-
ing to a second embodiment, as shown in Fig. 13,a CCD
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90is acolor CCD having R, G, and B pixels. Furthermore,
in the special light mode, the normal light NL is applied
to the internal body part to be examined instead of the
third special light L3, as shown in Fig. 14. The second
brightness ratio R2 is calculated with use of an image
signal that is obtained from the G pixels of the CCD 90
in application of the normal light NL. The electronic en-
doscope system 100 according to the second embodi-
ment does not use the third special light L3, and hence
does not have the third special light source. Since the
other components of the electronic endoscope system
100 according to the second embodiment are substan-
tially the same as those of the first embodiment, the de-
scription thereof will be omitted.

[0072] The R, G, and B pixels of the CCD 90 have R,
G, and B color filters, respectively. Referring to Fig. 15,
the R, G, and B color filters have spectral transmittance
54, 53, and 52, respectively. Since the normal light NL
has wavelengths of approximately 470 to 700 nm, all of
the R, G, and B pixels sense the normal light NL. On the
other hand, since the first special light L1 has wave-
lengths of 40510 nm, only the B pixels sense the first
special light L1. Since the second special light L2 has
wavelengths of 47010 nm, the B and G pixels sense
the second special light L2, while the R pixels do not
senseit. Since the fourth special light L4 has wavelengths
of 44010 nm, only the B pixels sense the fourth special
light L4.

[0073] Asdescribedabove, inthe CCD 90, the sensing
pixels depend on the type of the light applied. Therefore,
a method for calculating the first to fourth brightness ra-
tios R1 to R4 is different from that of the first embodiment.
In the second embodiment, the first brightness ratio R1
is calculated by Log (B1/B2), based on a brightness value
B1 obtained by the B pixel of the CCD 90 under the first
special light L1 and a brightness value B2 obtained by
the B pixel under the second special light L2. The second
brightness ratio R2 is calculated by Log (Broad_G/B2),
based on the brightness value B2 obtained by the B pixel
under the second special light L2 and a brightness value
Broad_G obtained by the G pixel under the normal light
NL.

[0074] The third brightness ratio R3 is calculated by
B4/B1, based on the brightness value B1 obtained by the
B pixel of the CCD 90 under the first special light L1 and
a brightness value B4 obtained by the B pixel under the
fourth special lightL4. Furthermore, the fourth brightness
ratio R4 is calculated by B2/B1, based on the brightness
ratio B2 obtained by the B pixel of the CCD 90 under the
second special light L2 and the brightness value B1 ob-
tained by the B pixel under the first special light L1.

Third Embodiment

[0075] In a third embodiment, the first to fourth special
light sources are not provided. Instead, an acoustic-op-
tical tunable filter separates reflected light of the normal
light NL into first to fourth special light L1 to L4. As shown

10

15

20

25

30

35

40

45

50

55

10

inFig. 16, an electronic endoscope system 110 according
to the third embodiment is the same as the electronic
endoscope system 10 of the first embodiment, except for
provision of the acoustic-optical tunable filter 111 in the
electronic endoscope 11 and elimination of the first to
fourth special light sources 33 to 35 and 38.

[0076] The electronic endoscope 110 according to the
third embodiment is provided with the acoustic-optical
tunable filter 111 disposed between the imaging window
50 and the condenser lens 51. In the normal light mode,
the acoustic-optical tunable filter 111 is not actuated, so
that the normal light NL reflected from the internal body
part to be examined is incident upon the CCD 44. In the
special light mode, out of the normal light NL reflected
from the internal body part, the acoustic-optical tunable
filter 111 passes only light of a specific wavelength and
blocks light of the other wavelengths to generate the first
to fourth special light L1 to L4. The acoustic-optical tun-
able filter 111 selectively passes the first special light L1
initially, and then selectively passes the second special
light L2, the third special light L3, and the fourth special
light L4 in this order, but this order may be changeable.
The acoustic-optical tunable filter 111 is connected to the
imaging controller 46, and sends a spectroscopic signal
to the imaging controller 46 whenever carrying out spec-
troscopy. Based on the spectroscopic signal, the imaging
controller 46 issues the image capture command to the
CCD 44. Thus, the CCD 44 captures the image whenever
carrying out the spectroscopy, and hence outputs first to
fourth spectroscopic image signals, as in the case of the
first embodiment.

[0077] Inthe third embodiment, a special CCD may be
used instead of provision of the acoustic-optical tunable
filter 111 between the imaging window 50 and the con-
denserlens 51. This special CCD has first pixels that are
provided with afilter for passing only the first special light
L1 out of the normal light NL, the second pixels that are
provided with a filter for passing only the second special
light L2, the third pixels that are provided with a filter for
passing only the third special light L3, and the fourth pix-
els that are provided with a filter for passing only the
fourth special light L4.

[0078] Inthe firstembodiment, the first to fourth special
light sources are used to generate the first to fourth spe-
cial light L1 to L4. However, eliminating the provision of
the first to fourth special light sources, a rotary filter 130
as shown in Fig. 17 may be disposed instead of the shut-
ter 31 of Fig. 2 to extract the first to fourth special light
L1 to L4. The rotary filter 130 includes a normal light
transmission region 131 for passing the whole compo-
nents of the normal light NL emitted from the normal light
source 30, a first special light transmission region 132
for passing the component of the first special light L1 out
of the normal light NL, a second special light transmission
region 133 for passing the component of the second spe-
cial light L2, a third special light transmission region 134
for passing the component of the third special light L3,
and a fourth special light transmission region 135 for



19 EP 2 368 480 B1 20

passing the component of the fourth special light L4. The
rotary filter 130 is rotatable, so that one of the regions
(filters) 131 to 135 is disposed in the optical path of the
normal light source 30 in accordance with the light to be
applied. Eliminating the normal light transmission region
131, therotary filter 130 may be retracted from the optical
path of the normal light source 30 in application of the
normal light NL to the internal body part.

[0079] In the first embodiment, the images of four
frames are captured in the special light mode, by captur-
ing the image whenever each of the first to fourth special
lightL1toL4is applied. However, the first to fourth special
light L1 to L4 may be simultaneously applied to the inter-
nal body part in order to reduce the number of the frames
to be captured to one. To take the first to fourth special
image signals out of a single image signal obtained by
the simultaneous application of light, the special CCD
describe above is usable.

[0080] In the first embodiment, while the normal light
NL emitted from the normal light source is directly applied
to the internal body part, the monochrome CCD captures
the image, and the normal image is produced from the
normal image signal obtained by the monochrome CCD.
However, a method for producing the normal image is
not limited to it.

[0081] For example, the normal image may be pro-
duced by a frame sequential method. In the frame se-
quential method, a rotary filter 143 having B, G, and R
three color filters 140 to 142, as shown in Fig. 18, is dis-
posed in front of the normal light source. In production
of the normalimage, the rotary filter 143 is rotated so that
the B color filter 140, the G color filter 141, and the R
color filter 142 are successively disposed in the optical
path of the normal light NL. By the rotation of the rotary
filter 143, blue, green, and red light is successively ap-
plied to the internal body part.

[0082] Whenever the light of each color is applied, the
monochrome CCD captures the image, so thatthe image
signals of three colors, thatis, blue, green, and red image
signals are obtained. The color normalimage is produced
from the image signals of three colors . In the frame se-
quential method, there is a time lag among the image
signals of three colors, because the image is captured
whenever the light of each color is applied. Thus, if the
internal body part or the insert section of the electronic
endoscope moves during switching the color of the light
to be applied, the produced normal image is blurred. In
the frame sequential method, as shownin Fig. 19, arotary
filter 150 may be provided with B, G, and R three color
filters 151 to 153 similar to those of Fig. 18, and first to
fourth special light transmission regions 154 to 157 sim-
ilar to those of Fig. 17. This eliminates the need for pro-
viding the first to fourth special light sources 33 to 35 and
38 in the light source unit 13.

[0083] Instead of the frame sequential method, a si-
multaneous method may be used to produce the normal
image. The simultaneous method uses the color CCD
having the B, G, and R pixels the sensitivity of which
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depends on the wavelength. To produce the normal im-
age, the normal light NL is directly applied to the internal
body part, and the normal light NL reflected from the body
part is received by the color CCD. Thus, the blue, green,
and red image signals are simultaneously outputted from
the B, G, and R pixels, respectively. The normal image
is produced from these image signals of three colors . In
the simultaneous method, as described above, the time
lag does not occur because the image signals of three
colors are outputted at the same time. Accordingly, even
if the internal body part or the insert section of the elec-
tronic endoscope moves, the normalimage is not blurred.
As the color CCD, a complementary-color CCD having
a filter of complimentary three colors of C (cyan), M (ma-
genta), and Y (yellow) may be used, instead of the pri-
mary-color CCD having a filter of primary colors of R, G,
and B.

[0084] The present invention is applicable not only to
the insertable electronic endoscope having the insert
section or the like, but also to a capsule endoscope in
which the image sensor such as the CCD is contained
in a capsule.

Although the present invention, which is defined by the
claims, has been fully described by the way of the pre-
ferred embodiment thereof with reference to the accom-
panying drawings, various changes and modifications
will be apparent to those having skill in this field.

Claims

1. An electronic endoscope system (10) having an en-
doscope, comprising:

a light applying section (13) adapted to apply at
least three types of narrow band light having
wavelengths within 400 nm to 600 nm as illumi-
nation light to an internal body part containing a
blood vessel, two types of the illumination light
out of the three types of the illumination light
being narrow blue band light and narrow green
band light, the three types of the illumination light
include first narrow blue band light having wave-
lengths of 405 = 10 nm, second narrow blue
band light having wavelengths of 470 = 10 nm,
and third narrow green band light having wave-
lengths of 560 = 10 nm;

an image sensor (44, 90) adapted to capture an
image of the internal body part irradiated with
the illumination light;

a blood vessel information obtaining section (62)
adapted to obtain blood vessel information
based on a narrow band signal corresponding
to the three types of the narrow band light and
including a first narrow blue band signal, a sec-
ond narrow blue band signal, and a third narrow
green band signal, the blood vessel information
including a depth of the blood vessel and a he-
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moglobin index;

abrightness ratio calculating section (60) adapt-
ed to calculate a first brightness ratio between
the first narrow blue band signal and the second
narrow blue band signal, and a second bright-
ness ratio between the third narrow green band
signal and the second narrow blue band signal;
and

a memory (61) adapted to store in advance a
correlation between the depth of the blood ves-
sel and the hemoglobin index with respect to the
first and second brightness ratios,

wherein, the blood vessel information obtaining
section (62) is adapted to obtain based on the
correlation stored in the memory (61) the depth
of the blood vessel and the hemoglobin index
from the first and second brightness ratios

The electronic endoscope system (10) according to
claim 1, wherein

the memory (61) is adapted to store in advance a
correlation between a brightness coordinate system
(79) representing the first and second brightness ra-
tios and a blood vessel information coordinate sys-
tem (83) representing the depth of the blood vessel
and the hemoglobin index; and

the blood vessel information obtaining section (62)
is adapted to plot coordinates of the first and second
brightness ratios on the brightness coordinate sys-
tem (79), and then to read out from the blood vessel
information coordinate system (83) coordinates of
the depth of the blood vessel and the hemoglobin
index corresponding to the plotted coordinates, to
identify values of the depth of the blood vessel and
the hemoglobin index.

The electronic endoscope system (10) according to
claim 1, wherein

the light applying section (13) is adapted to selec-
tively emitthe first narrow blue band light, the second
narrow blue band light, and the third narrow green
band light; and

the image sensor (44) is adapted to capture the im-
age under the first narrow blue band light to obtain
the first narrow blue band signal of one frame, and
to capture the image under the second narrow blue
band light to obtain the second narrow blue band
signal of one frame, and to capture the image under
the third narrow green band light to obtain the third
narrow green band signal of one frame.

The electronic endoscope system (10) according to
claim 1, wherein the light applying section (13) in-
cludes:

a white light source (30) adapted to emit white
broad band light; and
a wavelength band limiting section (111, 131,
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143, 150) disposed between the white light
source (30) and the image sensor (44), the
wavelength band limiting section (111,131, 143,
150) being adapted to selectively extract the
three types of the narrow band light out of the
broad band light.

The electronic endoscope system (10) according to
claim 4, wherein the wavelength band limiting sec-
tion (111) is an acoustic-optical tunable filter.

The electronic endoscope system (10) according to
claim 4, wherein the wavelength band limiting sec-
tion (130, 143, 150) is a rotary filter having a plurality
of filters (132-134, 140-142, 151-153) for selectively
passing the three types of the narrow band light.

The electronic endoscope system (10) according to
claim 1, wherein the illumination light further includes
fourth narrow blue band light having wavelengths of
440 = 10 nm, and an oxygen saturation level in the
blood vessel is obtained as the blood vessel infor-
mation from a fourth narrow blue band signal corre-
sponding to the fourth narrow blue band light.

A processor unit (12) connected to an electronic en-
doscope (11) of the endoscope system (10) accord-
ing to claim 1, and comprising:

a receiving section adapted to receive an image
signal from the electronic endoscope (11), the
image signal being obtained by the image sen-
sor (44, 90);

said blood vessel information obtaining section
(62) the brightness ratio calculation section (60)
and said memory (61).

Patentanspriiche

Elektronisches Endoskopsystem (10) mit einem En-
doskop, umfassend:

einen Lichtaufbringabschnitt (13), ausgebildet
zum Aufbringen von mindestens drei Typen
schmalbandigen Lichts mit Wellenlangen inner-
halb von 400 nm bis 600 nm als Beleuchtungs-
licht auf einen ein Blutgefal enthaltenden inne-
ren Korperteil, wobei zwei Typen des Beleuch-
tungslichts von den drei Typen des Beleuch-
tungslichts schmalbandiges Licht im blauen
Band und schmalbandiges Licht im griinen
Band sind, die drei Typen von Beleuchtungslicht
erstes schmalbandiges blaues Licht mit Wellen-
langen von 405 = 10 nm, zweites schmalban-
diges blaues Licht mit Wellenldangen von 470 =
10 nm und drittes schmalbandiges griines Licht
mit Wellenlangen von 560 = 100 nm sind;
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einen Bildsensor (44, 90), ausgebildet zum Auf-
nehmen eines Bilds des inneren Kérperteils, der
mit dem Beleuchtungslicht bestrahlt wird;
einen Blutgefainformations-Gewinnungsab-
schnitt (62), ausgebildet zum Gewinnen von
Blutgefalinformation auf der Grundlage eines
schmalbandigen Signals entsprechend den drei
Typen des schmalbandigen Lichts und enthal-
tend ein erstes Signal des schmalen blauen
Bands, ein zweites Signal des schmalen Bands
und ein drittes Signal des schmalen griinen
Bands, wobei die BlutgefaRinformation eine
Blutgefal3-Tiefe und einen Ha&moglobinindex
enthélt;

einen  Helligkeitsverhaltnis-Berechnungsab-
schnitt (60), ausgebildet zum Berechnen eines
ersten Helligkeitsverhaltnisses zwischen dem
ersten Signal des schmalen blauen Bands und
des zweiten Signals des schmalen blauen
Bands, und eines zweiten Helligkeitsverhaltnis-
ses zwischen dem dritten Signal des schmalen
grinen Bands und dem zweiten Signal des
schmalen blauen Bands; und

einen Speicher (61), ausgebildet zum Vorab-
Speichern einer Korrelation zwischen der Blut-
gefal-Tiefe und dem Hamoglobinindex bezlg-
lich des ersten und des zweiten Helligkeitsver-
haltnisses,

wobei der BlutgefaRinformations-Gewinnungs-
abschnitt (62) dazu ausgebildet ist, basierend
auf der in dem Speicher (61) abgespeicherten
Korrelation die Blutgefa-Tiefe und den Hamo-
globinindex anhand des ersten und des zweiten
Helligkeitsverhaltnisses zu gewinnen.

2. Elektronisches Endoskopsystem (10) nach An-

spruch 1, bei dem

der Speicher (61) dazu ausgebildet ist, vorab
eine Korrelation zwischen einem Hellig-
keitskoordinatensystem (69), welches das erste
und das zweite Helligkeitsverhaltnis reprasen-
tiert, und einem BlutgefaRinformations-Koordi-
natensystem (63), welches die BlutgefaR-Tiefe
und den Hamoglobinindex reprasentiert, zu
speichern; und

wobei der BlutgefaRinformations-Gewinnungs-
abschnitt (62) dazu ausgebildet ist, Koordinaten
des ersten und des zweiten Helligkeitsverhalt-
nisses auf das Helligkeitskoordinatensystem
(69) aufzutragen und anschlielend aus dem
BlutgefaRinformations-Koordinatensystem (83)
Koordinaten der BlutgefaR-Tiefe und des Hamo-
globinindex’ entsprechend den aufgetragenen
Koordinaten auszulesen, um Werte fiir die Blut-
gefal-Tiefe und den Hdmoglobinindex zu iden-
tifizieren.
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3.

Elektronisches Endoskopsystem (10) nach An-
spruch 1, bei dem

der Lichtaufbringabschnitt (13) dazu ausgebildet ist,
selektiv das erste schmalbandige blaue Licht, das
zweite schmalbandige blaue Licht und das dritte
schmalbandige griine Licht zu emittieren; und

der Bildsensor (44) dazu ausgebildet ist, das Bild
unter dem ersten schmalbandigen blauen Licht auf-
zunehmen, um das erste Signal des schmalen blau-
en Bandes in einem Vollbild zu erhalten, und das
Bild unter dem zweiten schmalbandigen blauen Licht
aufzunehmen, um das zweite Signal fiir das schmale
blaue Band eines Vollbilds zu erhalten, und um das
Bild unter dem dritten schmalbandigen griinen Licht
aufzunehmen, um das dritte Signal fir das schmale
griine Band eines Vollbilds zu erhalten.

Elektronisches Endoskopsystem (10) nach An-
spruch 1, bei dem der Lichtaufbringabschnitt (13)
enthalt:

eine Weillichtquelle (30), ausgebildet zum
Emittieren breitbandigen weilien Lichts; und
ein Wellenldngenband-Begrenzungsabschnitt
(111, 131, 143, 150), angeordnet zwischen der
Weillichtquelle (30) und dem Bildsensor (44),
wobei der Wellenlangenband-Begrenzungsab-
schnitt (111, 131, 143, 150) dazu ausgebildet
ist, selektiv die drei Typen des schmalbandigen
Lichts aus dem breitbandigen Licht zu extrahie-
ren.

Elektronisches Endoskop (10) nach Anspruch 4, bei
dem der Wellenlangenband-Begrenzungsabschnitt
(111) ein akustisch-optisches abstimmbares Filter
ist.

Elektronisches Endoskop (10) nach Anspruch 4, bei
dem der Wellenlangenband-Begrenzungsabschnitt
(130, 143, 150) ein Drehfilter mit mehreren Filtern
(132 - 134, 140 - 142, 151 - 153) zum selektiven
Durchlassen der drei Typen des schmalbandigen
Lichts ist.

Elektronisches Endoskopsystem (10) nach An-
spruch 1, bei dem das Beleuchtungslicht weiterhin
viertes schmalbandiges blaues Licht mit Wellenlan-
gen von 440 = 10 nm enthalt, und ein Sauerstoff-
sattigungspegel in dem Blutgefaly als BlutgefaRin-
formation aus einem vierten Signal des schmalen
blauen Bands entsprechend dem vierten schmal-
bandigen blauen Licht erhalten wird.

Prozessoreinheit (12), angeschlossen an ein elek-
tronisches Endoskop (11) des Endoskopsystems

(10) nach Anspruch 1 und umfassend:

einen Empfangsabschnitt, ausgebildet zum
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Empfangen eines Bildsignals von dem elektro-
nischen Endoskop (11), wobei das Bildsignal
von dem Bildsensor (44, 90) gewonnen ist;
wobei der BlutgefaRinformations-Gewinnungs-
abschnitt (62) den Helligkeitsverhalinis-Berech-
nungsabschnitt (60) und den Speicher (61) ent-
halt.

Revendications

Systeme d’endoscope électronique (10) présentant
un endoscope, comprenant :

une section d’application de lumiére (13) apte a
appliquer au moins trois types de lumiére a ban-
de étroite présentant des longueurs d’onde dans
les limites de 400 nm a 600 nm comme lumiere
d’éclairage a une partie corporelle interne con-
tenant un vaisseau sanguin, deux types de lu-
miére d’éclairage parmi les trois types de lumie-
re d’éclairage étant une lumiere a bande étroite
bleue et une lumiére a bande étroite verte, les
trois types de la lumiére d’éclairage incluantune
premiére lumiere a bande étroite bleue présen-
tant des longueurs d’onde de 405 + 10 nm, une
deuxiéme lumiéere a bande étroite bleue présen-
tant des longueurs d’onde de 470 = 10 nm, et
une troisieme lumiére a bande étroite verte pré-
sentant des longueurs d’'onde de 560 = 10 nm ;
un capteur d'image (44, 90) apte a capturer une
image de la partie corporelle interne irradiée
avec la lumiere d’éclairage ;

une section d’obtention d’informations de vais-
seau sanguin (62) apte a obtenir des informa-
tions de vaisseau sanguin surlabase d’un signal
de bande étroite correspondant aux trois types
de la lumiére a bande étroite et incluant un pre-
mier signal de bande étroite bleue, un deuxiéme
signal de bande étroite bleue, et un troisieme
signal de bande étroite verte, les informations
de vaisseau sanguin incluant une profondeur du
vaisseau sanguin et un indice d’hémoglobine ;
une section de calcul de rapport de luminosité
(60) apte a calculer un premier rapport de lumi-
nosité entre le premier signal de bande étroite
bleue et le deuxiéme signal de bande étroite
bleue, et un second rapport de luminosité entre
le troisieme signal de bande étroite verte et le
deuxiéme signal de bande étroite bleue, et
une mémoire (61) apte a stocker a 'avance une
corrélation entre la profondeur du vaisseau san-
guin et l'indice d’hémoglobine par rapport aux
premier et second rapports de luminosité,
dans lequel lasection d’obtention d’informations
de vaisseau sanguin (62) est apte a obtenir, sur
la base de la corrélation stockée dans la mémoi-
re (61), la profondeur du vaisseau sanguin et
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I'indice d’hémoglobine a partir des premier et
second rapports de luminosité.

Systéme d’endoscope électronique (10) selon la re-
vendication 1, dans lequel

la mémoire (61) est apte a stocker a 'avance une
corrélation entre un systeme de coordonnées de lu-
minosité (79) représentant des premier et second
rapports de luminosité et un systéme de coordon-
nées d’informations de vaisseau sanguin (83) repré-
sentant la profondeur du vaisseau sanguin etl'indice
d’hémoglobine, et

la section d’obtention d’informations de vaisseau
sanguin (62) est apte a tracer des coordonnées des
premier et second rapports de luminosité sur le sys-
téme de coordonnées de luminosité (79), puis a lire
a partir du systéeme de coordonnées d’informations
de vaisseau sanguin (83) des coordonnées dela pro-
fondeur du vaisseau sanguin et de l'indice d’hémo-
globine correspondant aux coordonnées tracées,
afin d’identifier des valeurs de la profondeur du vais-
seau sanguin et de I'indice d’hémoglobine.

Systéme d’endoscope électronique (10) selon la re-
vendication 1, dans lequel

la section d’application de lumiére (13) est apte a
émettre de maniére sélective la premiére lumiére a
bande étroite bleue, la deuxiéme lumiére a bande
étroite bleue, et la troisiéme lumiére a bande étroite
verte, et

le capteur d’image (44) est apte a capturer I'image
sous la premiére lumiére a bande étroite bleue afin
d’obtenir le premier signal de bande étroite bleue
d’'une trame, a capturer I'image sous la deuxieéme
lumiére abande étroite bleue afin d’obtenir le deuxie-
me signal de bande étroite bleue d'une trame, et a
capturer I'image sous la troisieme lumiére a bande
étroite verte afin d’obtenir le troisi€me signal de ban-
de étroite verte d’une trame.

Systéme d’endoscope électronique (10) selon la re-
vendication 1, dans lequel la section d’application
de lumiére (13) inclut :

une source de lumiere blanche (30) apte a émet-
tre une lumiére blanche a large bande, et

une section de limitation de bande de longueurs
d'onde (111, 131, 143, 150) disposée entre la
source de lumiere blanche (30) et le capteur
d’'image (44), la section de limitation de bande
de longueurs d’'onde (111, 131, 143, 150) étant
apte a extraire de maniére sélective les trois ty-
pes de la lumiére a bande étroite a partir de la
lumiére a large bande.

5. Systéeme d’endoscope électronique (10) selon la re-

vendication 4, dans lequel la section de limitation de
bande de longueurs d’onde (111) est un filtre accor-
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dable acoustique/optique.

Systeme d’endoscope électronique (10) selon la re-
vendication 4, dans lequel la section de limitation de
bande de longueurs d’onde (130, 143, 150) est un
filtre rotatif présentant une pluralité de filtres
(132-134, 140-142, 151-153) destinés a faire passer
de maniére sélective les trois types de la lumiére a
bande étroite.

Systeme d’endoscope électronique (10) selon la re-
vendication 1, dans lequel la lumiére d’éclairage in-
clut en outre une quatrieme lumiere a bande étroite
bleue présentant des longueurs d’'onde de 440 + 10
nm, et un niveau de saturation en oxygene dans le
vaisseau sanguin est obtenu sous la forme des in-
formations de vaisseau sanguin a partir d’'un qua-
trieme signal de bande étroite bleue correspondant
a la quatrieme lumiére a bande étroite bleue.

Unité de processeur (12) connectée a un endoscope
électronique (11) du systéme d’endoscope (10) se-
lon la revendication 1, et comprenant :

une section de réception apte a recevoir un si-
gnal d'image a partir de I'endoscope électroni-
que (11), le signal d'image étant obtenu par le
capteur d’'image (44, 90) ;

ladite section d’obtention d’informations de vais-
seau sanguin (62), ladite section de calcul de
rapport de luminosité (60), et ladite mémoire
(61).
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