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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an electronic endoscope system for use in observation of a body cavity, a
processing apparatus for an electronic endoscope, and a signal separation method.

BACKGROUND OF THE INVENTION

[0002] Recently, diagnoses and medical treatments using electronic endoscopes are commonly performed in the
medical field. An electronic endoscope has a long insert section to be inserted into a patient’s body cavity. The electronic
endoscope incorporates an imaging device such as a CCD at its distal end. The electronic endoscope is connected to
a light source apparatus. The light source apparatus delivers light to the electronic endoscope via a light guide such as
an optical fiber. The electronic endoscope emits the light from its distal end to illuminate the body cavity. The imaging
device at the distal end of the insert section captures an image of a tissue site in the body cavity while the body cavity
is illuminated. The image is subjected to various processes in a processing apparatus connected to the electronic
endoscope, and then displayed on a monitor. With the use of the electronic endoscope, a doctor can observe an image
of the tissue site in the patient’s body cavity real-time, which ensures accurate diagnosis.
[0003] The light source apparatus is a white light source, for example, a xenon lamp that emits white broadband light
in a wavelength range from blue to red. An image (hereafter referred to as broadband image) captured with the illumination
of the white broadband light shows the overall condition of the tissue site, for example, mucosa located on a surface of
the tissue site, blood vessels inside the tissue, the shape and condition of the surface of the mucosa such as protrusion
or depression, and the presence or absence of polyp.
[0004] In addition to the observation of the broadband image (normal visible image), observation with "special light",
that is, the observation using a narrow band light source that emits narrow band light in a specific wavelength range is
performed as disclosed in Japanese Patent No. 3559755 corresponding to U. S. Patent No. 2003/0176768, for example.
Light penetrates deeper into the tissue site as its wavelength increases, namely, blue light, green light, and red light
increase in penetration depth in this order. Using the difference in the penetration depth, the endoscope system of
Japanese Patent No. 3559755 generates a narrow band image in which blood vessels at a specific depth (for example,
at the surface or at the depths) are enhanced. For example, with the emission of blue narrow band light having a small
penetration depth, a narrow band image is generated with an enhanced surface blood vessel region. With the emission
of green narrow band light having the penetration depth larger than that of the blue narrow band light, a narrow band
image is generated with enhanced blood vessels located at the depth deeper than the surface. Thus, the blood vessels
at a specific depth are more clearly observed in the narrow band image than in the broadband image.
[0005] Although the narrow band image of Japanese Patent No. 3559755 enhances the blood vessels, visibility of a
region other than the blood vessels, such as the condition of mucosa, the shape of the mucosal surface, or the presence
or absence of polyp, becomes significantly low when compared to the broadband image, because the narrow band
image is a monochrome image using narrow band light of a single color. To observe the blood vessel region and the
remaining region at a time, the narrow band image and the broadband image are displayed on the monitor side by side.
The doctor needs to move his or her eyes between the narrow band image and the broadband image. Accordingly, the
two images cannot be observed at a glance and cannot be easily contrasted with each other.
[0006] In the case where the region of interest is not the blood vessels, it becomes easy to observe the region of
interest when the blood vessels are inconspicuous. The blood vessels are inconspicuous in the broadband image
compared to those in the narrow band image. However, within the broadband image, the blood vessels, especially, the
surface blood vessels are conspicuous compared to the remaining region, interfering with the observation of the remaining
region. To solve this problem, visibility of the surface blood vessels needs to be reduced. For example, a pattern analysis
may be performed to the broadband image to identify the position of the blood vessel region to reduce the contrast and
visibility thereof.
[0007] However, the broadband image includes a considerable amount of information other than that of the blood
vessels. The above method using the pattern analysis has poor accuracy because there is a high possibility that a region
other than the blood vessels may be mistaken as the blood vessels.
[0008] Even if the blood vessel region is identified using the pattern analysis of the broadband image, the depth of the
blood vessels cannot be determined, for example, the surface blood vessels cannot be distinguished from the deep
blood vessels. Accordingly, reducing the contrast of one blood vessel region (for example, the surface blood vessel
region) also reduces all the other blood vessel regions in the broadband image. The deep blood vessels are naturally
inconspicuous compared to the surface blood vessels, so the need of the contrast reduction of the deep blood vessels
is rare. If the contrast of the deep blood vessels is reduced, information essential to the deep blood vessels may be lost.
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SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide an electronic endoscope system for performing image processing,
with high accuracy and without causing loss of at-a-glance property and contrast, to a blood vessel region located at a
specific depth or to a region other than the blood vessel region in an image captured with an electronic endoscope, a
processing apparatus for the electronic endoscope, and an image processing method.
[0010] In order to achieve the above and other objects, the electronic endoscope system of the present invention
includes an emission section, an imaging section, a data obtaining section, a brightness ratio calculator, a depth correlation
information storage, a depth determining section, a blood vessel region extractor, and an image processing section. The
emission section emits white broadband light and narrow band light simultaneously or sequentially to illuminate a tissue
site in a body cavity. The tissue site includes a blood vessel. The broadband light has a wavelength range from blue to
red. The narrow band light is in a specific wavelength range. The imaging section captures an image of the tissue site
during the illumination and outputs image signals in time order. A blue pixel, a green pixel, and a red pixel are arranged
in the imaging section. The blue pixel senses blue light to generate a blue color signal. The green pixel senses green
light to generate a green color signal. The red pixel senses red light to generate a red color signal. Based on the image
signals, the data obtaining section obtains broadband image data and narrow band image data, or mixed image data.
The broadband image data corresponds to the image capture under the broadband light. The narrow band image data
corresponds to the image capture under the narrow band light. The mixed image data is a combination of the broadband
image data and the narrow band image data. The brightness ratio calculator calculates a brightness ratio between the
broadband image data and the narrow band image data or a brightness ratio between the blue color signal and the
green color signal in the mixed image data on a picture element basis. The depth correlation information storage stores
depth correlation information between the brightness ratio and a depth of the blood vessel. The depth determining section
refers to the depth correlation information to determine whether the picture element includes the blood vessel and the
depth of the blood vessel on the picture element basis with the use of the calculated brightness ratio. The blood vessel
region extractor extracts a specific blood vessel region based on the determined depth of the blood vessel. The image
processing section performs image processing to the specific blood vessel region or a region other than the specific
blood vessel region within a broadband image based on the broadband image data.
[0011] It is preferable that the electronic endoscope system further includes an electronic endoscope, a processing
apparatus connected to the electronic endoscope, and a light source apparatus. It is preferable that the electronic
endoscope is provided with the emission section and the imaging section. It is preferable that the processing apparatus
is provided with the data obtaining section, the brightness ratio calculator, the depth correlation information storage, the
depth determining section, the blood vessel region extractor, and the image processing section. It is preferable that the
light source apparatus is provided with a light source for generating the broadband light and the narrow band light, and
the broadband light and the narrow band light are guided to the emission section through a light guide in the electronic
endoscope and emitted from the emission section to the tissue site.
[0012] It is preferable that the specific blood vessel region is a surface blood vessel located at the small depth.
[0013] It is preferable that the image processing is reduction of visibility. It is preferable that to the reduction of the
visibility is to reduce contrast.
[0014] It is preferable that the broadband light is in a wavelength range from approximately 470 nm to 700 nm, and
the narrow band light is in a wavelength range of 440610 nm or 400610 nm.
[0015] It is preferable that the electronic endoscope system further includes a display section for displaying the broad-
band image processed in the image processing section.
[0016] A processing apparatus connected to an electronic endoscope includes a data obtaining section, a brightness
ratio calculator, a depth correlation information storage, a depth determining section, a blood vessel region extractor,
and an image processing section. Based on the image signals, the data obtaining section obtains broadband image
data and narrow band image data, or mixed image data. The broadband image data corresponds to the image capture
under the broadband light. The narrow band image data corresponds to the image capture under the narrow band light.
The mixed image data is a combination of the broadband image data and the narrow band image data. The brightness
ratio calculator calculates a brightness ratio between the broadband image data and the narrow band image data or a
brightness ratio between the blue color signal and the green color signal in the mixed image data on a picture element
basis. The depth correlation information storage stores depth correlation information between the brightness ratio and
a depth of a blood vessel. The depth determining section refers to the depth correlation information to determine whether
the picture element includes the blood vessel and the depth of the determined blood vessel on the picture element basis
with the use of the calculated brightness ratio. The blood vessel region extractor extracts a specific blood vessel region
based on the determined depth of the blood vessel. The image processing section performs image processing to the
specific blood vessel region or a region other than the specific blood vessel region within the broadband image based
on the broadband image data.
[0017] The image processing method of an endoscopic image includes a signal obtaining step, a data obtaining step,
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a calculating step, a determining step, an extracting step, and a processing step. In the signal obtaining step, an image
of a tissue site in a body cavity is captured while white broadband light in a wavelength range from blue to red and narrow
band light in a specific wavelength range are emitted thereto simultaneously or sequentially to obtain image signals in
time order. The tissue site includes a blood vessel. The image signals include a blue color signal, a green color signal,
and a red color signal. In the data obtaining step, based on the image signals, mixed image data or broadband image
data and narrow band image data are obtained. The broadband image data corresponds to the image capture under
the broadband light. The narrow band image data corresponds to the image capture under the narrow band light. The
mixed image data is a combination of the broadband image data and the narrow band image data. In the calculating
step, a brightness ratio between the broadband image data and the narrow band image data or a brightness ratio between
the blue color signal and the green color signal in the mixed image data is calculated on a picture element basis. In the
determining step, depth correlation information between the brightness ratio and a depth of the blood vessel is referred
to, and based on the calculated brightness ratio, whether the picture element includes the blood vessel and the depth
of the blood vessel are determined on the picture element basis. In the extracting step, a specific blood vessel region
is extracted based on the determined depth of the blood vessel. In the processing step, image processing is performed
to the specific blood vessel region or a region other than the specific blood vessel region within the broadband image
based on the broadband image data.
[0018] According to the present invention, the depth correlation information of the blood vessel depth relative to the
brightness ratio between the broadband image data and the narrow band image data or the brightness ratio between
the blue color signal and the green color signal of the mixed image data is used. Accordingly, the specific blood vessel
region located at a desired depth is extracted accurately. Image processing, for example, contrast reduction processing
is performed to the specific blood vessel region, for example, a surface blood vessel or a region other than the specific
blood vessel region on the broadband image (visible light image). Thus, an endoscopic image in which the surface blood
vessel or the region other than the surface blood vessel is easily observable is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects and advantages of the present invention will be more apparent from the following
detailed description of the preferred embodiments when read in connection with the accompanied drawings, wherein
like reference numerals designate like or corresponding parts throughout the several views, and wherein:

Fig. 1 is an external view of an electronic endoscope system according to the present invention;
Fig. 2 is a block diagram showing an electric configuration of the electronic endoscope system;
Fig. 3 is a graph showing spectral transmittances of red, green, and blue filters;
Fig. 4A is an imaging operation of a CCD in a normal mode;
Fig. 4B is an imaging operation of the CCD in a special mode;
Fig. 5 is a graph showing correlation between a brightness ratio and a depth of a blood vessel;
Fig. 6 shows a monitor displaying a broadband image;
Fig. 7 shows the monitor displaying a broadband image in which contrast of a surface blood vessel region is reduced;
Fig. 8 is a flowchart showing steps in the present invention; and
Fig. 9 shows a monitor displaying a broadband image in which contrast of a region other than the surface blood
vessel region is reduced.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] As shown in Fig. 1, an electronic endoscope system 10 of the present invention is provided with an electronic
endoscope 11, a processing apparatus 12, a light source apparatus 13, and a monitor 14. The electronic endoscope 11
captures an image in a patient’s body cavity. The processing apparatus 12 generates an image of a tissue site (an object
of interest) in the body cavity based on a signal obtained by the image capture. The light source apparatus 13 supplies
light for illuminating the body cavity. The monitor 14 displays the generated image. The electronic endoscope 11 is
provided with a flexible insert section 16 to be inserted into the body cavity, a handling section 17 provided in the basal
portion of the insert section 16, and a universal cord 18. The universal cord 18 connects the handling section 17, the
processing apparatus 12, and the light source apparatus 13.
[0021] The insert section 16 has a bending portion 19 at its tip. The bending portion 19 has multiple joint pieces.
Operating an angle knob 21 provided in the handling section 17 bends the bending portion 19 in horizontal and vertical
directions. A distal portion 16a is provided at a distal end of the bending portion 19. The distal portion 16a incorporates
an optical system used for the image capture in the body cavity. Bending the bending portion 19 directs the distal portion
16a to a desired direction.
[0022] A connector 24 is attached to one end of the universal cord 18 where the processing apparatus 12 and the
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light source apparatus 13 are to be connected. The connector 24 is a multiple-type connector composed of a commu-
nication connector and a light source connector. The electronic endoscope 11 is detachably connected to the processing
apparatus 12 and the light source apparatus 13 via the connector 24.
[0023] As shown in Fig. 2, the light source apparatus 13 is provided with a broadband light source 30, a shutter 31, a
shutter driver 32, a narrow band light source 33, and a coupler 36. The broadband light source 30 is, for example, a
xenon lamp that emits broadband light BB in a wavelength range from blue to red (approximately from 470 nm to 700
nm). The broadband light source 30 is kept turned on while the electronic endoscope 11 is in use. The broadband light
BB emitted from the broadband light source 30 is gathered or condensed via a condenser lens 39 into a broadband
optical fiber 40.
[0024] The shutter 31 is provided between the broadband light source 30 and the condenser lens 39. The shutter 31
is movable between an insert position and a retract position. In the insert position, the shutter 31 interferes with or blocks
the broadband light BB. In the retract position, the shutter 31 retracts from the insert position to allow the broadband
light BB to enter the condenser lens 39. The shutter driver 32 is connected to a controller 59 in the processing apparatus
12, and controls the shutter 31 based on the an instruction from the controller 59.
[0025] The narrow band light source 33 is a laser diode, for example. The narrow band light source 33 generates the
narrow band light NB in a wavelength range of 440610 nm, preferably 445 nm. The narrow band light NB is used for
determining a blood vessel depth that is the depth or depth information of a blood vessel or a blood vessel region including
the blood vessel. The narrow band light source 33 is connected to a narrow band optical fiber 33a, so the light from the
narrow band light source 33 enters the narrow band optical fiber 33a. The narrow band light source 33 is also connected
to the controller 59 in the processing apparatus 12. Based on an instruction from the controller 59, the narrow band light
source 33 is turned on or off. The wavelength range of the narrow band light NB is not limited to 440610 nm. The narrow
band light NB may be in any wavelength range as long as the narrow band light NB is not sensed by the G pixel and R
pixel of the CCD 44 (for example, 400610 nm).
[0026] The coupler 36 couples the light guide 43 in the electronic endoscope 11, the broadband optical fiber 40, and
the narrow band optical fiber 33a. The coupler 36 allows the broadband light BB to enter the light guide 43 via the
broadband optical fiber 40. The coupler 36 allows the narrow band light NB to enter the light guide 43 via the narrow
band optical fiber 33a.
[0027] In this embodiment, in a normal mode for emitting only the broadband light BB to obtain a broadband image,
the shutter 31 is set in a retract position and the narrow band light source 33 is turned off. In a special mode for performing
image processing to a blood vessel region in a broadband image, both the broadband light BB and the narrow band
light NB are emitted. That is, in the special mode, the shutter 31 is set in the retract position, and the narrow band light
source 33 is turned on. To emit the narrow band light only, the shutter 31 is set in the insert position, and the narrow
band light source 33 is turned on.
[0028] The electronic endoscope 11 is provided with a light guide 43, a CCD 44, an AFE (analog front end) 45, and
an imaging controller 46. The light guide 43 is, for example, a large core optical fiber or a bundle fiber, and its input end
is inserted into the coupler 36 in the light source apparatus 13 and its exit end is directed to an illumination lens 48
provided at the distal portion 16a. The light guide 43 delivers the light emitted from the light source apparatus 13 to the
illumination lens 48. The light enters the illumination lens 48 and then is emitted to the body cavity through an illumination
window 49 attached to an end surface of the distal portion 16a. The broadband light BB and the narrow band light NB
reflected inside the body cavity enter a focus lens 51 through an image capturing window 50 attached to the end surface
of the distal portion 16a. An emission section is composed of the illumination lens 48 and the illumination window 49.
[0029] The CCD 44 is a color CCD. On the imaging surface 44a, red, green and blue (R, G, and B) pixels are arranged
in matrix. The R pixel is provided with a red filter. The G pixel is provided with a green filter. The B pixel is provided with
a blue filter. An imaging surface 44a of the CCD 44 receives the light from the focus lens 51. The received light is
photoelectrically converted in each color pixel and accumulated as signal charge. The imaging controller 46 reads the
accumulated signal charge as image signals in time order. The read image signals are sent to the AFE 45. The imaging
section is composed of the CCD 44, the focus lens 51, and the imaging controller 46.
[0030] The blue filter (B filter), the green filter (G filter), and the red filter (R filter) have spectral transmittances 52, 53,
and 54, respectively, as shown in Fig. 3. When only the broadband light BB in a wavelength range from approximately
470 nm to 700 nm enters the CCD 44, the B, G , and R filters transmit or pass the light having wavelengths corresponding
to the spectral transmittances 52, 53, and 54, respectively. A signal photoelectrically converted in the R pixel is defined
as an R image signal (red color signal) . A signal photoelectrically converted in the G pixel is defined as a G image signal
(green color signal) . A signal photoelectrically converted in the B pixel is defined as a B image signal (blue color signal) .
In the normal mode, only the broadband light BB enters the CCD 44. Accordingly, a broadband image signal composed
of the R, G, and B image signals is obtained.
[0031] In the special mode, in addition to the broadband light BB, the narrow band light NB in a wavelength range of
440610 nm enters the CCD 44. The narrow band light NB only passes through the blue filter (B filter). Accordingly, the
B image signal contains the brightness value of the B component of the broadband light BB and a narrow band image
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signal representing a brightness value of the narrow band light NB. In the special mode, the broadband light BB and the
narrow band light NB enters the CCD 44 simultaneously. Thereby, the CCD 44 outputs an image signal composed of
the R image signal, the G image signal, and the B image signal in which the brightness value of the B component of the
broadband light BB and the brightness value of the narrow band light NB are summed or combined. Hereafter, this image
signal is referred to as the mixed image signal.
[0032] The AFE 45 is composed of 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 sampling to the image signal
from the CCD 44 to remove noise caused by the CCD 44. Then, the AGC amplifies the image signal. Thereafter, the
A/D converts the image signal into a digital image signal (mixed image signal) having a predetermined number of bits
and inputs the digital image signal to the processing apparatus 12.
[0033] The imaging controller 46 is connected to the controller 59 in the processing apparatus 12. The imaging controller
46 sends a drive signal to the CCD 44 when instructed by the controller 59. Based on the drive signal from the imaging
controller 46, the CCD 44 outputs the image signal to the AFE 45 at a predetermined frame rate.
[0034] In this embodiment, in the normal mode, an accumulation step and a reading step are performed to acquire
one frame of image signal as shown in Fig. 4A. In the accumulation step, the broadband light BB is photoelectrically
converted into signal charge and accumulated. In the reading step, the accumulated signal charge is read as a broadband
image signal. The accumulation step and the reading step are performed alternately and repeatedly.
[0035] In the special mode, a mixed accumulation step and a mixed reading step are performed to acquire one frame
of image signal as shown in Fig. 4B. In the mixed accumulation step, the broadband light BB and the narrow band light
NB are photoelectrically converted into signal charge and accumulated. In the mixed reading step, the accumulated
signal charge is read as a mixed image signal. The mixed accumulation step and the mixed reading step are performed
alternately and repeatedly.
[0036] As shown in Fig. 2, the processing apparatus 12 is provided with a DSP (Digital Signal Processor) 55, a frame
memory 56, an image processor 57, a display controller 58. The controller 59 controls each of the above sections. The
DSP 55 performs various signal processes such as color separation, color interpolation, white balance adjustment, and
gamma correction to the image signal outputted from the AFE 45 to create image data. A data obtaining section is
composed of the DSP 55.
[0037] The DSP 55 performs the above signal processes to the broadband image signal to create broadband image
data. The broadband image data is stored in the frame memory 56.
[0038] The mixed image signal is composed of the R image signal, the G image signal, and the B image signal. The
R image signal only has the brightness value Broad_R of the broadband light BB. The G image signal only has the
brightness value Broad_G of the broadband light BB. The B image signal is the sum of the brightness value Broad_B
of the broadband light BB and the brightness value L1 of the narrow band light NB. 

[0039] The DSP 55 is provided with a brightness correlation information storage 55a that stores brightness correlation
information among the brightness values Broad_B, Broad_G, and Broad_R. The brightness correlation information is
obtained from results of analysis of a plurality of image data used and stored in the past diagnoses, for example. To be
more specific, when the white light is emitted to a tissue site in the body cavity and the reflected light is received by the
CCD 44, the brightness values of the R, G, and B image signals are correlated to each other. The DSP 55 refers to the
brightness correlation information stored in the brightness correlation information storage 55a to obtain the brightness
value Broad_B using its correlation with the brightness value Broad_G or Broad_R. Thereby, the DSP 55 obtains the
broadband image signal composed of the brightness values Broad_B, Broad_G, and Broad_R from the mixed image
signal. This broadband image signal does not include the brightness value L1 of the narrow band light NB. Further, the
DSP 55 separates the brightness value Broad_B from the B image signal. Thus, the narrow band image signal only
having the brightness value L1 is obtained.
[0040] As described above, the DSP 55 separates the mixed image signal into the broadband image signal and the
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narrow band image signal. The separated broadband image signal and the narrow band image signal are subjected to
various signal processes such as color separation, color interpolation, white balance adjustments, and gamma correction.
Thus, one frame of broadband image data and one frame of narrow band image data are generated. In the broadband
image data, each picture element contains red color data, green color data, and blue color data. In the narrow band
image data, on the other hand, each picture element only contains blue color data. The picture elements in the broadband
image data correspond to the picture elements in the narrow band image data, respectively. The broadband image data
and the narrow band image data are stored in the frame memory 56. Obtaining the broadband image data and the
narrow band image data from one frame of mixed image signal has advantages that the perfect registration is achieved
between the broadband image and the narrow band image and that it is suitable for capturing moving images, namely,
an image is generated using a small number of frames.
[0041] The image processor 57 is provided with a brightness ratio calculator 61, a depth correlation information storage
62, a depth determining section 63, a blood vessel region extractor 64, and an image generator 65. The brightness ratio
calculator 61 identifies the picture elements in the same positions in the broadband image data and the narrow band
image data, respectively, and obtains a brightness ratio LM (S1/S2) between the identified picture elements. The cal-
culation of the brightness ratio LM is performed to every picture elements or on a picture element basis in one frame.
The S1 represents the brightness value of the narrow band image data (the signal value of the blue color data). The S2
represents the brightness value Broad_G corresponding to the G component of the broadband light BB having longer
wavelengths and larger penetration depth than the narrow band light NB. The narrow band light NB has a small penetration
depth, so, a large amount of the narrow band light NB reaches a surface blood vessel region while only a small amount
of the narrow band light NB reaches a deep blood vessel region. On the other hand, the G component of the broadband
light BB has a large penetration depth, so the amount of light reaching the deep blood vessel region is larger than that
of the narrow band light NB. The surface blood vessel region is a blood vessel or blood vessels located at the surface
or at a small depth or a region including the blood vessel(s). The deep blood vessel region is a subsurface blood vessel
or blood vessels located at the depths or some distance below the surface or a region including the blood vessel(s).
[0042] In the tissue site, the blood vessel region absorbs a larger amount of light than the remaining region, so the
blood vessel region attenuates both the narrow band light NB and the G component of the broadband light BB incident
thereon. Both the narrow band light NB and the G component of the broadband light BB reach the surface blood vessel
region. Accordingly, both the brightness value S1 of the narrow band light NB reflected by the surface blood vessel
region and the brightness value S2 of the G component of the broadband light BB reflected by the surface blood vessel
region become low.
[0043] In comparing the brightness values S1 and S2, the brightness value S1 of the reflected narrow band light NB
is high because the narrow band light NB does not reach the deep blood vessel region and is mainly reflected by the
surface blood vessel region. On the other hand, the brightness value S2 of the reflected G component of the broadband
light BB is low because the G component of the broadband light BB reaches the deep blood vessel region. Accordingly,
the lower the brightness ratio LM (S1/S2), the smaller the depth (blood vessel depth) of the blood vessel region. The
larger the brightness ratio LM (S1/S2), the deeper the blood vessel depth. Thus, in each picture element, the brightness
ratio LM between the narrow band light and the broadband light is obtained using the difference in penetration depth.
Thus, whether a blood vessel region is included in the picture element or not and a depth of the blood vessel region is
determined for each picture element or on a picture element basis.
[0044] The depth correlation information storage 62 stores depth correlation information between the brightness ratio
LM and the blood vessel depth D. As shown in Fig. 5, the brightness ratio LM and the blood vessel depth D has a positive
relationship. The positive relationship is represented by a line segment La having a positive slope in a brightness ratio-
blood vessel depth coordinate system. The depth correlation information storage 62 stores the depth correlation infor-
mation in which the brightness ratio LM and the blood vessel depth D are associated with or correlated with each other
on a point P on the line segment La. In the brightness ratio-blood vessel depth coordinate system, an arrow in the vertical
axis direction indicates that the brightness ratio increases from the lower end to the upper end, and an arrow in the
horizontal axis direction indicates that the blood vessel depth increases from the left end to the right end. "SHALLOW"
indicates that the blood vessel depth is shallow. "DEEP" indicates that the blood vessel depth is deep.
[0045] Based on the depth correlation information in the depth correlation information storage 62, the depth determining
section 63 obtains the blood vessel depth D corresponding to the brightness ratio LM calculated by the brightness ratio
calculator 61. The depth determining section 63 compares the blood vessel depth D and a predetermined threshold
value X. When the blood vessel depth D is smaller than the threshold value X, the depth determining section 63 determines
that the blood vessel depth D is at the surface. When the blood vessel depth D is larger than the threshold value X, the
depth determining section 63 determines that the blood vessel depth D is at the depths (subsurface) . When the blood
vessel depths D in all the picture elements in the broadband image data and the narrow band image data are determined,
the blood vessel region extractor 64 reads the broadband image data from the frame memory 56. From the read broadband
image data, the blood vessel region extractor 64 extracts the surface blood vessel region and the deep blood vessel
region. The surface blood vessel region contains the picture element including the blood vessel determined to be located
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at the surface or at a small depth. The deep blood vessel region contains the picture element including the blood vessel
determined to be located at the subsurface depths or some distance below the surface.
[0046] As shown in Fig. 6, a broadband image 70 generated based on the broadband image data shows the overall
condition of the tissue site including the condition of mucosa on the surface of the tissue site, blood vessels in the tissue
site, the shape of the mucosal surface such as protrusions and depressions, and the presence or absence of polyp.
From the broadband image 70, the blood vessel region extractor 64 extracts a surface blood vessel region 71 and a
deep blood vessel region 72 (subsurface). The surface blood vessel region 71 is displayed clearly and conspicuously
compared to the deep blood vessel region 72. In Fig. 6, a thick line depicts the surface blood vessel region 71 with high
visibility. A thin line depicts the deep blood vessel region 72 with low visibility.
[0047] The image generator 65 performs contrast processing to the broadband image data read from the frame memory
56 to reduce the visibility of the surface blood vessel region 71. The contrast processing is, for example, reduction of
contrast in the surface blood vessel region 71 among various types of reduction processing. After the contrast processing,
the broadband image data is stored in the frame memory 56. The display controller 58 displays a broadband image 80
on the monitor 14 based on the broadband image data read from the frame memory 56.
[0048] Compared to the broadband image 70 shown in Fig. 6, the visibility of the surface blood vessel region 71 is
reduced in the broadband image 80 shown in Fig. 7. In the broadband image 80, the contrast of the surface blood vessel
region 71 is reduced substantially equal to that of the deep blood vessel region 72. Accordingly, the surface blood vessel
region 71 becomes inconspicuous in the broadband image 80, which allows the observation of a region other than the
surface blood vessel region 71, for example, mucosal condition and the shape of mucosal surface.
[0049] To reduce the contrast, for example, low-pass filtering is performed. In the low-pass filtering, a high frequency
component having a high spatial frequency of the surface blood vessel region 71 is cut or filtered out. Alternatively or
in addition, other methods of reduction processing for controlling the visibility may be used. For example, the brightness
value of the high brightness portion of the surface blood vessel region 71 may be reduced. In the contrast processing,
the visibility of the surface blood vessel region 71 is reduced relative to the broadband image 70 with no contrast
processing. In the contrast processing, it is not necessary to make the visibility of the surface blood vessel region 71
equal to that of the deep blood vessel region 72. The visibility of the surface blood vessel region 71 may be higher or
lower than that of the deep blood vessel region 72.
[0050] The above-described processes are performed by the image processor 57 in the special mode. In the normal
mode, on the other hand, the image processor 57 generates the broadband image 70 based on the broadband image
data without extracting the blood vessel region and the contrast processing.
[0051] Next, referring to the flowchart of Fig. 8, an operation of the above configuration is described. In the normal
mode, the shutter 31 is set in the retract position and only the broadband light source 30 is turned on, so the image
capture is performed while the body cavity is illuminated only with the broadband light BB. The image processor 57
performs the image processing such as the color separation, the color interpolation, and the color correction to the
broadband image signal obtained by the image capture to generate the broadband image data. The monitor 14 displays
the broadband image 70 including the surface blood vessel region 71 with no contrast processing.
[0052] On the other hand, when the normal mode is switched to the special mode with the operation of a console or
front panel 23, the controller 59 turns on the narrow band light source 33 in addition to the broadband light source 30.
Thereby, both the broadband light BB and the narrow band light NB are emitted to the body cavity. An image is captured
with the illumination of both the broadband light BB and the narrow band light NB. The mixed image signal of the captured
image is obtained and sent to the DSP 55 via the AFE 45. The mixed image signal is composed of the R image signal
only having the brightness value Broad_R, the G image signal only having the brightness value Broad_G, and the B
image signal which is the sum of the brightness value Broad_B and the brightness value L1.
[0053] With the use of the brightness correlation information in the brightness correlation information storage 55a, the
DSP 55 obtains the brightness value Broad_B which is in correlation with the brightness value Broad_G or Broad_R.
Thereby, the broadband image signal composed of the brightness values Broad_B, Broad_G, and Broad_R is obtained.
The broadband image signal is subjected to the various signal processes such as the color separation, the color inter-
polation, and the white balance adjustment to obtain the broadband image data. One frame of the broadband image
data is stored in the frame memory 56.
[0054] The DSP 55 separates the brightness value Broad_B from the B image signal to obtain the narrow band image
signal only having the brightness value L1. The narrow band image signal is subjected to the above-described signal
processes to obtain the narrow band image data. One frame of the narrow band image data is stored in the frame
memory 56.
[0055] After the broadband image data and the narrow band image data are stored in the frame memory 56, the
brightness ratio calculator 61 identifies the picture elements in the same positions in the broadband image data and the
narrow band image data, respectively. Then, the brightness ratio LM between the picture element in the narrowband
image data and the corresponding picture element in the broadband image data is calculated. Next, based on the depth
correlation information in the depth correlation information storage 62, the depth determining section 63 determines
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whether a blood vessel is included in each picture element and the depth of the blood vessel in each picture element.
In the case where the brightness ratio LM calculated by the brightness ratio calculator 61 corresponds to a point P on
the line segment La in the brightness ratio-blood vessel depth coordinate system, the blood vessel depth D is determined
from the point P. The depth determining section 63 determines the blood vessel depth D is at the surface when the blood
vessel depth D is smaller than a threshold value X, and the blood vessel depth D is at the subsurface depths when the
blood vessel depth D is larger than the threshold value X.
[0056] The brightness ratio LM between the broadband image data and the narrow band image data is obtained with
respect to every picture element in the broadband image data and the narrow band image data as described above.
Then, for each brightness ratio LM, whether the blood vessel depth D corresponding to the brightness ratio LM is at the
surface or not is determined. When the blood vessel depths D of all the picture elements are determined, the blood
vessel region extractor 64 reads the broadband image data from the frame memory 56. From the broadband image
corresponding to the read broadband image data, the blood vessel region extractor 64 extracts the surface blood vessel
region and the deep blood vessel region. The surface blood vessel region contains the picture element including the
blood vessel determined to be located at or close to the surface. The deep blood vessel region contains the picture
element including the blood vessel determined to be located at the depths (subsurface) . In the broadband image 70 in
Fig. 6, the surface blood vessel region 71 and the deep blood vessel region 72 are extracted. In this embodiment, the
deep blood vessel region is not subjected to specific image processing, so only the surface blood vessel region 71 may
be extracted.
[0057] The image generator 65 performs contrast processing to the broadband image data to reduce the contrast of
the surface blood vessel region 71. Thereby, the broadband image including the surface blood vessel region 71 with
the reduced visibility is generated. As shown in Fig. 7, the broadband image 80 which has been subjected to the contrast
processing is displayed on the monitor 14. Thus, it becomes possible to observe a normal visible image with the visibility
of the surface blood vessels reduced.
[0058] The contrast of the surface blood vessel region 71 is reduced in the broadband image 80, so the surface blood
vessel region 71 is made inconspicuous and does not interfere with the observation of a region of interest other than
the surface blood vessel region 71. The depth of the blood vessel region is determined based on the brightness ratio
between the narrow band image signal and the broadband image signal. Accordingly, the contrast of only the surface
blood vessel region 71, which is likely to necessitate the contrast processing, is reduced. As a result, the information of
the deep blood vessel region 72, which is naturally inconspicuous without the contrast processing, is maintained.
[0059] Because the blood vessel region is extracted using the narrow band image signal mainly containing the infor-
mation on the surface of the tissue site, the surface blood vessel region is extracted with higher accuracy compared to
a method for extracting the blood vessel region using only the broadband image signal. The contrast processing performed
to the surface blood vessel region 71 in the broadband image 80 allows the operator or doctor to observe the overall
condition of the tissue site including the surface blood vessel region 71 and the remaining region. Thus, the surface
blood vessel region 71 and the remaining region are easily contrasted with each other and observed at a glance.
[0060] In the above embodiments described as examples, the visibility of the surface blood vessel region 71 is reduced.
On the contrary, the visibility of the region other than the surface blood vessel region 71 may be reduced as shown in
a broadband image 90 in Fig. 9. In Fig. 9, as a result of the contrast processing, the blood vessel depicted with the dotted
lines has reduced visibility compared to that in the broadband image 70 shown in Fig. 6. Reducing the contrast of the
region other than the surface blood vessel region 71 relatively increases the visibility of the surface blood vessel region
71. Thus, the surface blood vessel region 71 is enhanced. Such contrast processing is effective when the region of
interest is the surface blood vessel region 71.
[0061] The conventional art only uses the narrow band light to obtain the narrow band image with the blood vessel
region of a specific depth enhanced. Such art can be used to simply obtain the image with the enhanced surface blood
vessel region, for example. In the present invention, unlike the conventional art, the image processing is performed to
the broadband image having the amount of information larger than that of the narrow band image to enhance the blood
vessel region. As a result, the observation of the region other than the blood vessel region becomes possible in addition
to the observation of the blood vessel region. Displaying just one image having the enhanced blood vessel is more easily
observable than displaying the broadband image and the narrow band image side by side.
[0062] Alternatively or in addition, the broadband image 90 in which the surface blood vessel is enhanced (see Fig.
9) and the broadband image 80 in which the surface blood vessel is made inconspicuous (see Fig. 7) may be displayed
on the monitor 14 selectively or together. Operating the front panel 23 switches the display on the monitor 14.
[0063] In the above embodiments described as examples, the brightness ratio between the narrow band light in the
wavelength range of 440610 nm and the G component of the broadband light BB is used to extract the surface blood
vessel region and the deep blood vessel region. Alternatively, for example, the narrow band light with wavelengths longer
than the above embodiments and a color component of the broadband light BB may be used to distinguish and extract
the medium-depth or intermediate-depth blood vessel region and the deep blood vessel region. In addition, the narrow
band light in different wavelength ranges may be used in combination to extract the surface blood vessel region, the
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medium-depth blood vessel region, and the deep blood vessel region.
[0064] In the above embodiments, in the normal mode in which the contrast processing is not performed, the narrow
band light source is turned off. In the special mode in which the contrast processing is performed, the narrow band light
source is turned on. Alternatively, regardless of the modes, the broadband light source and the narrow band light source
may be constantly turned on together. The mode may be switched between the normal mode and the special mode
based on whether the image processor 57 performs the contrast processing.
[0065] In the above embodiments, the broadband light source is used to emit the broadband light BB. Instead of
providing the broadband light source, a fluorescent member or phosphor device may be provided at an exit end of the
light guide. The narrow band light NB excites the fluorescent member to generate the broadband light BB. The fluorescent
member converts a part of the narrow band light NB into the broadband light BB, but passes through the remaining
narrow band light NB. Thus, the broadband light BB and the narrow band light NB are emitted together without the use
of the broadband light source. In using the fluorescent member to generate the broadband light BB, the wavelength
range of the narrow band light NB is not limited to 440610 nm as shown in the above embodiments. The narrow band
light may be in a wavelength range capable of exciting the white broadband light BB, and in a wavelength range which
is not sensed by the G pixel and the R pixel (for example, 400610 nm) . A light emission apparatus combining the
fluorescent member and the light source such as the GaN semiconductor is commercially available under the product
name MicroWhite, for example. The narrow band light NB from the light source excites the fluorescent member to emit
the white broadband light BB.
[0066] In the above embodiments, the depth of the blood vessel region (blood vessel depth) is determined based on
the brightness ratio between the broadband image data and the narrow band image data. Alternatively, the blood vessel
depth may be obtained using the narrow image data in which the blood vessel region of a specific depth is enhanced
as in the conventional art. For example, in the blue narrow band image data, the surface blood vessel region is enhanced.
When the blood vessel region is extracted using the difference between the brightness value of the blood vessel region
and the brightness value of the remaining region in the narrow band image data, there is a high possibility that the
identified blood vessel region is located at the surface of the tissue site. Based on the extracted surface blood vessel
region, the contrast processing is performed to the broadband image.
[0067] The above described method based on the conventional art is inferior in accuracy of determining the blood
vessel depth compared to the above embodiments of the present invention, because the narrow band image data also
includes medium-depth and deep blood vessel regions other than the surface blood vessel region. Although the medium-
depth and deep blood vessel regions have low visibility, there is a high possibility that the medium-depth and deep blood
vessel regions are mistaken for the surface blood vessel regions. Accordingly, the above-described methods for deter-
mining the blood vessel depth based on the brightness ratio are superior to the conventional method.
[0068] In this embodiment, the blood vessel region is extracted using both the broadband image data and the narrow
band image data. Alternatively, the blood vessel region may be extracted only using the narrow band image data. This
method has the following advantage. Because the broadband light BB includes light with long wavelengths which pen-
etrates deeper into the tissue site, the broadband image data has an amount of information larger than that of the narrow
band image data. Accordingly, when the blood vessel region is extracted only using the broadband image data, there
is a high possibility that the region other than the blood vessel region may be mistaken for the blood vessel region.
[0069] On the other hand, because the narrow band light NB is a single color light with short wavelengths with a small
penetration depth, the narrow band image data has little information of the tissue site at the subsurface depths. Based
on the narrow band image data, the surface blood vessel region can be extracted with high accuracy. Accordingly, to
prevent the misrecognition of the blood vessel region, the blood vessel region extracted using the narrow band image
data is given higher priority to that based only on the broadband image data. To extract the blood vessel region, a
difference between the brightness value of the blood vessel and the brightness value of a portion other than the blood
vessel may be used. Alternatively or in addition, a pattern recognition may be used.
[0070] In the above embodiments described as examples, two modes, the normal mode and the special mode, are
provided. In the normal mode, the broadband image is displayed without the contrast processing. In the special mode,
the broadband image which has been subjected to the contrast processing is displayed. One or more modes may be
provided in addition to the above modes, for example, a mode in which a narrow band image is generated and displayed
based on the narrow band image data.
[0071] In the above embodiments, the image capture is performed while the broadband light and the narrow band
light are emitted simultaneously. One frame of the mixed image signal obtained by the image capture is separated into
the broadband image signals and the narrow band image signal. Alternatively, the broadband light and the narrow band
light may be selectively emitted. In this case, the broadband image signal and the narrow band image signal are obtained
separately. The broadband image signal is obtained with the illumination of the broadband light, and the narrow band
image signal is obtained with the illumination of the narrow band light.
[0072] In the above embodiments, the mixed image signal is separated into the broadband image data and the narrow
band image data to obtain the brightness ratio therebetween. The blood vessel depth is determined using the brightness
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ratio. Alternatively or in addition, the blood vessel depth can be determined using a brightness ratio between the signal
outputted from the B pixel of the mixed image signal and the signal outputted from the G pixel of the mixed image signal.
In the above embodiments, the mixed image signal is separated into the narrow band light component and the broadband
light component to obtain the broadband image signal. Alternatively, the mixed image signal may be subjected to a
predetermined conversion to obtain the broadband image signal. In this case, the narrow band image signal is obtained
using the mixed image signal and the broadband image signal.
[0073] The present invention can be applicable to the electronic endoscope having the insert section, and also to a
capsule-type electronic endoscope having an image sensor such as a CCD incorporated in a capsule, and an electronic
endoscope for imaging of a body cavity other than the digestive tract, for example, respiratory tract.
[0074] Various changes and modifications are possible in the present invention and may be understood to be within
the present invention.
Preferred embodiments are described in paras 1 to 9:

1. An electronic endoscope system (10) comprising:

an emission section (48, 49) for emitting white broadband light and narrow band light simultaneously or sequen-
tially to illuminate a tissue site in a body cavity, the tissue site including a blood vessel, the broadband light
having a wavelength range from blue to red, the narrow band light being in a specific wavelength range;
an imaging section (44, 46, 51) for capturing an image of the tissue site during the illumination and outputting
image signals in time order, the imaging section having a blue pixel, a green pixel, and a red pixel arranged
therein, the blue pixel sensing blue light to generate a blue color signal, the green pixel sensing green light to
generate a green color signal, the red pixel sensing red light to generate a red color signal;
a data obtaining section (55) for obtaining broadband image data and narrow band image data or mixed image
data based on the image signals, the broadband image data corresponding to the image capture under the
broadband light, the narrow band image data corresponding to the image capture under the narrow band light,
and the mixed image data being a combination of the broadband image data and the narrow band image data;
a brightness ratio calculator (61) for calculating a brightness ratio between the broadband image data and the
narrow band image data or a brightness ratio between the blue color signal and the green color signal in the
mixed image data on a picture element basis;
a depth correlation information storage (62) for storing depth correlation information between the brightness
ratio and a depth of the blood vessel;
a depth determining section (63) for referring to the depth correlation information to determine whether the
picture element includes the blood vessel and the depth of the blood vessel on the picture element basis with
the use of the calculated brightness ratio;
a blood vessel region extractor (64) for extracting a specific blood vessel region based on the determined depth
of the blood vessel; and
an image processing section (65) for performing image processing to the specific blood vessel region or a region
other than the specific blood vessel region within a broadband image based on the broadband image data.

2. The electronic endoscope system of para 1, further including an electronic endoscope (11), a processing apparatus
(12) connected to the electronic endoscope, and a light source apparatus (13) connected to the electronic endoscope;
and wherein the electronic endoscope is provided with the emission section and the imaging section;
and wherein the processing apparatus is provided with the data obtaining section, the brightness ratio calculator,
the depth correlation information storage, the depth determining section, the blood vessel region extractor, and the
image processing section;
and wherein the light source apparatus is provided with a light source (30, 33) for generating the broadband light
and the narrow band light, and the broadband light and the narrow band light are guided to the emission section
through a light guide (43) in the electronic endoscope and emitted from the emission section to the tissue site.

3. The electronic endoscope system of para 1, wherein the specific blood vessel region is a surface blood vessel
(71) located at the small depth.

4. The electronic endoscope system of para 3, wherein the image processing is reduction of visibility.

5. The electronic endoscope system of para 4, wherein the reduction of the visibility is to reduce contrast.

6. The electronic endoscope system of para 4, wherein the broadband light is in a wavelength range from approx-
imately 470 nm to 700 nm, and the narrow band light is in a wavelength range of 440610 nm or 400610 nm.
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7. The electronic endoscope system of para 4, further comprising a display section (14) for displaying the broadband
image processed in the image processing section.

8. A processing apparatus (12) connected to an electronic endoscope (11), the electronic endoscope having an
imaging section (44, 46, 51) for outputting image signals in time order, the imaging section having a blue pixel, a
green pixel, and a red pixel arranged therein, the blue pixel sensing blue light to generate a blue color signal, the
green pixel sensing green light to generate a green color signal, the red pixel sensing red light to generate a red
color signal, the imaging section capturing an image of a tissue site in a body cavity while white broadband light
and narrow band light are emitted to the tissue site simultaneously or sequentially, the tissue site including a blood
vessel, the white broadband light having a wavelength range from blue to red, the narrow band light being in a
specific wavelength range, the processing apparatus comprising:

a data obtaining section (55) for obtaining broadband image data and narrow band image data or mixed image
data based on the image signals, the broadband image data corresponding to the image capture under the
broadband light, the narrow band image data corresponding to the image capture under the narrow band light,
and the mixed image data being a combination of the broadband image data and the narrow band image data;
a brightness ratio calculator (61) for calculating a brightness ratio between the broadband image data and the
narrow band image data or a brightness ratio between the blue color signal and the green color signal in the
mixed image data on a picture element basis;
a depth correlation information storage (62) for storing depth correlation information between the brightness
ratio and a depth of the blood vessel;
a depth determining section (63) for referring to the depth correlation information to determine whether the
picture element includes a blood vessel and the depth of the blood vessel on the picture element basis with the
use of the calculated brightness ratio;
a blood vessel region extractor (64) for extracting a specific blood vessel region based on the determined depth
of the blood vessel; and
an image processing section (65) for performing image processing to the specific blood vessel region or a region
other than the specific blood vessel region within a broadband image based on the broadband image data.

9. An image processing method of an endoscopic image, comprising the steps of:

capturing an image of a tissue site in a body cavity while white broadband light and narrow band light are emitted
simultaneously or sequentially to the tissue site to obtain image signals in time order, the tissue site including
a blood vessel, the broadband light having a wavelength range from blue to red, the narrow band light being in
a specific wavelength range, the image signals including a blue color signal, a green color signal, and a red
color signal;
obtaining broadband image data and narrow band image data or mixed image data based on the image signals,
the broadband image data corresponding to the image capture under the broadband light, the narrow band
image data corresponding to the image capture under the narrow band light, and the mixed image data being
a combination of the broadband image data and the narrow band image data;
calculating a brightness ratio between the broadband image data and the narrow band image data or a brightness
ratio between the blue color signal and the green color signal in the mixed image data on a picture element basis;
referring to a depth correlation information between the brightness ratio and a depth of the blood vessel and
determining whether the picture element includes a blood vessel and the depth of the blood vessel on the picture
element basis with the use of the calculated brightness ratio;
extracting a specific blood vessel region based on the determined depth of the blood vessel; and
performing image processing to the specific blood vessel region or a region other than the specific blood vessel
region within a broadband image based on the broadband image data.

Claims

1. An electronic endoscope system (10) comprising:

an emission section (48, 49) for emitting white broadband light and narrow band light simultaneously or sequen-
tially to illuminate a tissue site in a body cavity, the tissue site including a blood vessel, the broadband light
having a wavelength range from blue to red, the narrow band light being in a specific wavelength range;
an imaging section (44, 46, 51) for capturing an image of the tissue site during the illumination and outputting
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image signals in time order;
a data obtaining section (55) for obtaining broadband image data and narrow band image data or mixed image
data based on the image signals, the broadband image data corresponding to the image capture under the
broadband light, the narrow band image data corresponding to the image capture under the narrow band light,
and the mixed image data being a combination of the broadband image data and the narrow band image data;
a brightness ratio calculator (61) for calculating a brightness ratio between the brightness value of the narrow
band image data and the brightness value of image data corresponding to a color component of the broadband
light having different penetration depth than the narrow band light in the broadband image data, or a brightness
ratio between the brightness value of image data corresponding to a color component of the narrow band light
and the brightness value of image data corresponding to a color component of the broadband light having
different penetration depth than the narrow band light in the mixed image data on a picture element basis;
a depth correlation information storage (62) for storing depth correlation information between the brightness
ratio and a depth of the blood vessel;
a depth determining section (63) for referring to the depth correlation information to determine whether the
picture element includes the blood vessel and the depth of the blood vessel on the picture element basis with
the use of the calculated brightness ratio;
a blood vessel region extractor (64) for extracting a specific blood vessel region based on comparison between
a predetermined threshold value and the determined depth of the blood vessel; and
an image processing section (65) for performing image processing to the specific blood vessel region or a region
other than the specific blood vessel region within a broadband image based on the broadband image data, so
that the specific blood vessel region and the region other than the specific blood vessel region are contrasted
with each other.

2. The electronic endoscope system of claim 1, wherein the brightness ratio calculator (61) calculates a brightness
ratio between the green color signal in the broadband image data and the blue color signal in the narrow band image
data or a brightness ratio between the blue color signal and the green color signal in the mixed image data on a
picture element basis.

3. The electronic endoscope system of claim 1, further including an electronic endoscope (11), a processing apparatus
(12) connected to the electronic endoscope, and a light source apparatus (13) connected to the electronic endoscope;
and wherein the electronic endoscope is provided with the emission section and the imaging section;
and wherein the processing apparatus is provided with the data obtaining section, the brightness ratio calculator,
the depth correlation information storage, the depth determining section, the blood vessel region extractor, and the
image processing section;
and wherein the light source apparatus is provided with a light source (30, 33) for generating the broadband light
and the narrow band light, and the broadband light and the narrow band light are guided to the emission section
through a light guide (43) in the electronic endoscope and emitted from the emission section to the tissue site.

4. The electronic endoscope system of claim 1, wherein the specific blood vessel region is a surface blood vessel (71)
located at the small depth.

5. The electronic endoscope system of claim 4, wherein the image processing is reduction of visibility.

6. The electronic endoscope system of claim 5, wherein the reduction of the visibility is to reduce contrast.

7. The electronic endoscope system of claim 5, wherein the broadband light is in a wavelength range from approximately
470 nm to 700 nm, and the narrow band light is in a wavelength range of 440610 nm or 400610 nm.

8. The electronic endoscope system of claim 5, further comprising a display section (14) for displaying the broadband
image processed in the image processing section.

9. A processing apparatus (12) connected to an electronic endoscope (11), thereby constituting the electronic endo-
scope system of any of claims 1 to 7, the processing apparatus comprising:

a data obtaining section (55) for obtaining broadband image data and narrow band image data or mixed image
data based on the image signals, the broadband image data corresponding to the image capture under the
broadband light, the narrow band image data corresponding to the image capture under the narrow band light,
and the mixed image data being a combination of the broadband image data and the narrow band image data;
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a brightness ratio calculator (61) for calculating a brightness ratio between the brightness value of the narrow
band image data and the brightness value of data corresponding to a color component of the broadband light
having different penetration depth than the narrow band light in the broadband image data, or a brightness ratio
between the brightness value of data corresponding to a color component of the narrow band light and the
brightness value of data corresponding to a color component of the broadband light having different penetration
depth than the narrow band light in the mixed image data on a picture element basis;
a depth correlation information storage (62) for storing depth correlation information between the brightness
ratio and a depth of the blood vessel;
a depth determining section (63) for referring to the depth correlation information to determine whether the
picture element includes the blood vessel and the depth of the blood vessel on the picture element basis with
the use of the calculated brightness ratio;
a blood vessel region extractor (64) for extracting a specific blood vessel region based on comparison between
a predetermined threshold value and the determined depth of the blood vessel; and
an image processing section (65) for performing image processing to the specific blood vessel region or a region
other than the specific blood vessel region within a broadband image based on the broadband image data, so
that the specific blood vessel region and the region other than the specific blood vessel region are contrasted
with each other.

10. An image processing method of an endoscopic image, comprising the steps of:

capturing an image of a tissue site in a body cavity while white broadband light and narrow band light are emitted
simultaneously or sequentially to the tissue site to obtain image signals in time order, the tissue site including
a blood vessel, the broadband light having a wavelength range from blue to red, the narrow band light being in
a specific wavelength range;
obtaining broadband image data and narrow band image data or mixed image data based on the image signals,
the broadband image data corresponding to the image capture under the broadband light, the narrow band
image data corresponding to the image capture under the narrow band light, and the mixed image data being
a combination of the broadband image data and the narrow band image data;
calculating a brightness ratio between the brightness value of the narrow band image data and the brightness
value of data corresponding to a color component of the broadband light having different penetration depth than
the narrow band light in the broadband image data, or a brightness ratio between the brightness value of data
corresponding to a color component of the narrow band light and the brightness value of data corresponding
to a color component of the broadband light having different penetration depth than the narrow band light in the
mixed image data on a picture element basis;
referring to a depth correlation information between the brightness ratio and a depth of the blood vessel and
determining whether the picture element includes a blood vessel and the depth of the blood vessel on the picture
element basis with the use of the calculated brightness ratio;
extracting a specific blood vessel region based on comparison between a predetermined threshold value and
the determined depth of the blood vessel; and
performing image processing to the specific blood vessel region or a region other than the specific blood vessel
region within a broadband image based on the broadband image data, so that the specific blood vessel region
and the region other than the specific blood vessel region are contrasted with each other.

Patentansprüche

1. Elektronisches Endoskopsystem (10), umfassend:

einen Emissionsabschnitt (48, 49) zum Emittieren von weißem Breitbandlicht und von Schmalbandlicht gleich-
zeitig oder sequenziell, um eine Gewebestelle in einem Körperhohlraum zu beleuchten, wobei die Gewebestelle
ein Blutgefäß enthält, das Breitbandlicht einen Wellenlängenbereich von blau zu rot aufweist, das Schmalband-
licht in einem spezifischen Wellenlängenbereich liegt;
einen Bildgebungsabschnitt (44, 46, 51) zum Aufnehmen eines Bilds der Gewebestelle während der Beleuchtung
und zum Ausgeben von Bildsignalen in zeitlicher Reihenfolge;
einen Datengewinnungsabschnitt (55) zum Gewinnen von Breitband-Bilddaten und Schmalband-Bilddaten oder
gemischten Bilddaten, basierend auf den Bildsignalen, wobei die Breitband-Bilddaten der Bildaufnahme unter
dem Breitbandlicht, die Schmalband-Bilddaten der Bildaufnahme unter dem Schmalbandlicht und die gemisch-
ten Bilddaten einer Kombination aus den Breitband-Bilddaten und den Schmalband-Bilddaten entsprechen;
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einen Helligkeitsverhältnisrechner (61) zum Berechnen eines Helligkeitsverhältnisses zwischen dem Hellig-
keitswert der Schmalband-Bilddaten und dem Helligkeitswert der Bilddaten entsprechend einer Farbkompo-
nente des Breitbandlichts, die eine andere Eindringtiefe als das Schmalbandlicht aufweist, innerhalb der Breit-
band-Bilddaten, oder einem Helligkeitsverhältnis zwischen dem Helligkeitswert der Bilddaten entsprechend
einer Farbkomponente des Schmalbandlichts und dem Helligkeitswert der Bilddaten entsprechend einer Farb-
komponente des Breitbandlicht mit unterschiedlicher Eindringtiefe bezüglich des Schmalbandlichts in den ge-
mischten Bilddaten auf einer Bildelementbasis; einen Tiefenkorrelationsinformations-Speicher (62) zum Spei-
chern von Tiefenkorrelationsinformation zwischen dem Helligkeitsverhältnis und einer Tiefe des Blutgefäßes;
einen Tiefenbestimmungsabschnitt (63) zum Bezugnehmen auf die Tiefenkorrelationsinformation, um zu be-
stimmen, ob das Bildelement das Blutgefäß enthält, und die Tiefe des Blutgefäßes auf der Bildelementbasis
unter Verwendung des berechneten Helligkeitsverhältnisses zu bestimmen;
ein Blutgefäßzonen-Extrahierer (64) zum Extrahieren einer spezifischen Blutgefäßzone, basierend auf einem
Vergleich zwischen einem vorbestimmten Schwellenwert und der bestimmten Tiefe des Blutgefäßes; und
einen Bildverarbeitungsabschnitt (65) zum Ausführen einer Bildverarbeitung bezüglich der spezifischen Blut-
gefäßzone oder einer von der spezifischen Blutgefäßzone verschiedenen Zone innerhalb eines Breitbandbilds,
basierend auf den Breitbandbilddaten, sodass die spezifische Blutgefäßzone und die von der spezifischen
Blutgefäßzone verschiedene Zone in gegenseitigem Kontrast stehen.

2. Elektronisches Endoskopsystem nach Anspruch 1, bei dem der Helligkeitverhältnisrechner (61) ein Helligkeitsver-
hältnis zwischen dem Grün-Farbsignal in den Breitband-Bilddaten und dem Blau-Farbsignal in den Schmalband-
Bilddaten oder ein Helligkeitsverhältnis zwischen dem Blau-Farbsignal und dem Grün-Farbsignal in den gemischten
Bilddaten auf Bildelementbasis berechnet.

3. Elektronisches Endoskopsystem nach Anspruch 1, weiterhin enthaltend ein elektronisches Endoskop, eine Verar-
beitungsvorrichtung (12), die an das elektronische Endoskop angeschlossen ist, und eine Lichtquellenvorrichtung
(13), die an das elektronische Endoskop angeschlossen ist;
wobei das elektronische Endoskop mit dem Emissionsabschnitt und dem Bildgebungsabschnitt ausgestattet ist;
und wobei die Verarbeitungsvorrichtung mit dem Datengewinnungsabschnitt, dem Helligkeitsverhältnisrechner, dem
Tiefenkorellationsinformations-Speicher, dem Tiefenbestimmungsabschnitt, dem Blutgefäßzonen-Extrahierer und
dem Bildverarbeitungsabschnitt ausgestattet ist;
und wobei die Lichtquellenvorrichtung mit einer Lichtquelle (30, 33) zum Erzeugen des Breitbandlichts und des
Schmalbandlichts ausgestattet ist, wobei das Breitbandlicht und das Schmalbandlicht dem Emissionsabschnitt durch
einen Lichtleiter (43) in dem elektronischen Endoskop zugeleitet und von dem Emissionsabschnitt zu der Gewebe-
stelle emittiert werden.

4. Elektronisches Endoskopsystem nach Anspruch 1, bei dem die spezifische Blutgefäßzone ein Oberflächen-Blutge-
fäß (71) ist, das sich in einer geringen Tiefe befindet.

5. Elektronsiches Endoskopsystem nach Anspruch 4, bei dem die Bildverarbeitung eine Sichtbarkeits-Reduktion ist.

6. Elektronisches Endoskopsystem nach Anspruch 5, bei dem die Sichtbarkeits-Reduktion eine Kontrastverringerung
ist.

7. Elektronisches Endoskopsystem nach Anspruch 5, bei dem das Breitbandlicht in einem Wellenlängenbereich von
etwa 470 nm bis 700 nm liegt, und das Schmalbandlicht in einem Wellenlängenbereich von 440 6 10 nm oder 400
6 10nm liegt.

8. Elektronisches Endoskopsystem nach Anspruch 5, weiterhin umfassend einen Anzeigeabschnitt zum Anzeigen des
in dem Bildverarbeitungsabschnitt verarbeiteten Breitbandbilds.

9. Verarbeitungsvorrichtung (12), die an ein elektronisches Endoskop (11) angeschlossen ist, um das elektronische
Endoskopsystem nach einem der Ansprüche 1 bis 7 zu bilden, wobei die Verarbeitungsvorrichtung aufweist:

einen Datengewinnungsabschnitt (55) zum Gewinnen von Breitband-Bilddaten und Schmalband-Bilddaten oder
gemischten Bilddaten, basierend auf den Bildsignalen, wobei die Breitband-Bilddaten der Bildaufnahme unter
dem Breitbandlicht, die Schmalband-Bilddaten der Bildaufnahme unter dem Schmalbandlicht und die gemisch-
ten Bilddaten einer Kombination aus den Breitband-Bilddaten und den Schmalband-Bilddaten entsprechen;
einen Helligkeitsverhältnisrechner (61) zum Berechnen eines Helligkeitsverhältnisses zwischen dem Hellig-
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keitswert der Schmalband-Bilddaten und dem Helligkeitswert der Daten entsprechend einer Farbkomponente
des Breitbandlichts, die eine andere Eindringtiefe als das Schmalbandlicht aufweist, innerhalb der Breitband-
Bilddaten, oder einem Helligkeitsverhältnis zwischen dem Helligkeitswert der Daten entsprechend einer Farb-
komponente des Schmalbandlichts und dem Helligkeitswert der Bilddaten entsprechend einer Farbkomponente
des Breitbandlicht mit unterschiedlicher Eindringtiefe bezüglich des Schmalbandlichts in den gemischten Bild-
daten auf einer Bildelementbasis;
einen Tiefenkorrelationsinformations-Speicher (62) zum Speichern von Tiefenkorrelationsinformation zwischen
dem Helligkeitsverhältnis und einer Tiefe des Blutgefäßes;
einen Tiefenbestimmungsabschnitt (63) zum Bezugnehmen auf die Tiefenkorrelationsinformation, um zu be-
stimmen, ob das Bildelement das Blutgefäß enthält, und die Tiefe des Blutgefäßes auf der Bildelementbasis
unter Verwendung des berechneten Helligkeitsverhältnisses zu bestimmen;
ein Blutgefäßzonen-Extrahierer (64) zum Extrahieren einer spezifischen Blutgefäßzone, basierend auf einem
Vergleich zwischen einem vorbestimmten Schwellenwert und der bestimmten Tiefe des Blutgefäßes; und
einen Bildverarbeitungsabschnitt (65) zum Ausführen einer Bildverarbeitung bezüglich der spezifischen Blut-
gefäßzone oder einer von der spezifischen Blutgefäßzone verschiedenen Zone innerhalb eines Breitbandbilds,
basierend auf den Breitbandbilddaten, sodass die spezifische Blutgefäßzone und die von der spezifischen
Blutgefäßzone verschiedene Zone in gegenseitigem Kontrast stehen.

10. Bildverarbeitungsverfahren für ein Endoskopbild, umfassend folgende Schritte:

Aufnehmen eines Bilds einer Gewebestelle in einem Körperhohlraum, während weißes Breitbandlicht und
Schmalbandlicht gleichzeitig oder sequentiell auf die Gewebestelle emittiert werden, um Bildsignale in zeitlicher
Folge zu erhalten, wobei die Gewebestelle ein Blutgefäß enthält, das Breitbandlicht einen Wellenlängenbereich
von blau bis rot aufweist, und das Schmalbandlicht in einem spezifischen Wellenlängenbereich liegt;
Gewinnen von Breitband-Bilddaten und Schmalband-Bilddaten oder gemischten Bilddaten basierend auf den
Bildsignalen, wobei die Breitband-Bilddaten dem unter dem Breitbandlicht aufgenommenen Bild entsprechen,
die Schmalband-Bilddaten dem unter dem Schmalbandlicht aufgenommenen Bilddaten entsprechen, und die
gemischten Daten eine Kombination aus den Breitband-Bilddaten und den Schmalband-Bilddaten sind;
Berechnen eines Helligkeitsverhältnisses zwischen dem Helligkeitswert der Schmalband-Bilddaten und dem
Helligkeitswert der Daten entsprechend einer Farbkomponente des Breitbandlichts, das eine andere Eindring-
tiefe aufweist als das Schmalbandlicht in den Breitband-Bilddaten, oder eines Helligkeitsverhältnisses zwischen
dem Helligkeitswert von Daten entsprechend einer Farbkomponente des Schmalbandlichts und dem Hellig-
keitswert von Daten entsprechend einer Farbkomponente des Breitbandlichts, das eine andere Eindringtiefe
als das Schmalbandlicht aufweist, in den gemischten Bilddaten auf Bildelementbasis;
Bezugnehmen auf eine Tiefenkorrelationsinformation zwischen dem Helligkeitsverhältnis und einer Tiefe des
Blutgefäßes, und Feststellen, ob das Bildelement ein Blutgefäß enthält, außerdem der Tiefe des Blutgefäßes
auf der Bildelementbasis mithilfe des berechneten Helligkeitsverhältnisses;
Extrahieren einer spezifischen Blutgefäßzone, basierend auf einem Vergleich zwischen einem vorbestimmten
Schwellenwert und der festgestellten Tiefe des Blutgefäßes; und
Ausführen einer Bildverarbeitung bezüglich der spezifischen Blutgefäßzone oder einer von der spezifischen
Blutgefäßzone verschiedenen Zone innerhalb eines Breitbandbilds basierend auf den Breitband-Bilddaten,
sodass die spezifische Blutgefäßzone oder die von der spezifischen Blutgefäßzone verschiedene Zone in ge-
genseitigem Kontrast stehen.

Revendications

1. Système d’endoscope électronique (10), comprenant :

une section d’émission (48, 49) destinée à émettre une lumière blanche à large bande et une lumière à bande
étroite simultanément ou séquentiellement pour éclairer un site tissulaire dans une cavité corporelle, le site
tissulaire incluant un vaisseau sanguin, la lumière à large bande présentant une plage de longueurs d’ondes
allant du bleu au rouge, la lumière à bande étroite étant dans une plage de longueurs d’ondes spécifique ;
une section d’imagerie (44, 46, 51) destinée à capturer une image du site tissulaire durant l’éclairage, et à
produire des signaux d’image dans un ordre temporel ;
une section d’obtention de données (55) destinée à obtenir des données d’image à large bande et des données
d’image à bande étroite ou des données d’image mixtes sur la base des signaux d’image, les données d’image
à large bande correspondant à la capture d’image sous la lumière à large bande, les données d’image à bande
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étroite correspondant à la capture d’image sous la lumière à bande étroite, et les données d’image mixtes étant
une combinaison des données d’image à large bande et des données d’image à bande étroite ;
un calculateur de rapport de luminosité (61) destiné à calculer un rapport de luminosité entre la valeur de
luminosité des données d’image à bande étroite et la valeur de luminosité des données d’image correspondant
à une composante de couleur de la lumière à large bande présentant une profondeur de pénétration différente
de celle de la lumière à bande étroite dans les données d’image à large bande, ou un rapport de luminosité
entre la valeur de luminosité des données d’image correspondant à une composante de couleur de la lumière
à bande étroite et la valeur de luminosité des données d’image correspondant à une composante de couleur
de la lumière à large bande présentant une profondeur de pénétration différente de celle de la lumière à bande
étroite dans les données d’image mixtes sur une base d’élément d’image ;
un stockage d’informations de corrélation de profondeur (62) destiné à stocker des informations de corrélation
de profondeur entre le rapport de luminosité et une profondeur du vaisseau sanguin ;
une section de détermination de profondeur (63) destinée à se référer aux informations de corrélation de
profondeur pour déterminer si l’élément d’image inclut le vaisseau sanguin et la profondeur du vaisseau sanguin
sur la base d’élément d’image à l’aide du rapport de luminosité calculé ;
un extracteur de région de vaisseau sanguin (64) destiné à extraire une région de vaisseau sanguin spécifique
sur la base d’une comparaison entre une valeur de seuil prédéterminée et la profondeur déterminée du vaisseau
sanguin, et
une section de traitement d’image (65) destinée à exécuter un traitement d’image sur la région de vaisseau
sanguin spécifique ou une région autre que la région de vaisseau sanguin spécifique dans les limites d’une
image à large bande sur la base des données d’image à large bande, de sorte que la région de vaisseau sanguin
spécifique et la région autre que la région de vaisseau sanguin spécifique sont en contraste l’une avec l’autre.

2. Système d’endoscope électronique selon la revendication 1, dans lequel le calculateur de rapport de luminosité
(61) calcule un rapport de luminosité entre le signal de couleur vert dans les données d’image à large bande et le
signal de couleur bleu dans les données d’image à bande étroite, ou un rapport de luminosité entre le signal de
couleur bleu et le signal de couleur vert dans les données d’image mixtes sur une base d’élément d’image.

3. Système d’endoscope électronique selon la revendication 1, incluant en outre un endoscope électronique (11), un
appareil de traitement (12) connecté à l’endoscope électronique, et un appareil de source lumineuse (13) connecté
à l’endoscope électronique, et
dans lequel l’endoscope électronique est doté de la section d’émission et de la section d’imagerie ;
dans lequel l’appareil de traitement est doté de la section d’obtention de données, du calculateur de rapport de
luminosité, du stockage d’informations de corrélation de profondeur, de la section de détermination de profondeur,
de l’extracteur de région de vaisseau sanguin, et de la section de traitement d’image, et
dans lequel l’appareil de source lumineuse est doté d’une source lumineuse (30, 33) destinée à générer la lumière
à large bande et la lumière à bande étroite, et la lumière à large bande et la lumière à bande étroite sont guidées
vers la section d’émission par le biais d’un guide d’ondes (43) dans l’endoscope électronique et émises de la section
d’émission vers le site tissulaire.

4. Système d’endoscope électronique selon la revendication 1, dans lequel la région de vaisseau sanguin spécifique
est un vaisseau sanguin de surface (71) situé au niveau de la petite profondeur.

5. Système d’endoscope électronique selon la revendication 4, dans lequel le traitement d’image est une réduction
de visibilité.

6. Système d’endoscope électronique selon la revendication 5, dans lequel la réduction de la visibilité vise à réduire
le contraste.

7. Système d’endoscope électronique selon la revendication 5, dans lequel la lumière à large bande s’étend sur une
plage de longueurs d’ondes allant d’approximativement 470 nm à 700 nm, et la lumière à bande étroite s’étend sur
une plage de longueurs d’ondes allant de 440610 nm à 400610 nm

8. Système d’endoscope électronique selon la revendication 5, comprenant en outre une section d’affichage (14)
destinée à afficher l’image à large bande traitée dans la section de traitement d’image.

9. Appareil de traitement (12) connecté à un endoscope électronique (11), constituant ainsi le système d’endoscope
électronique selon l’une quelconque des revendications 1 à 7, l’appareil de traitement comprenant :
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une section d’obtention de données (55) destinée à obtenir des données d’image à large bande et des données
d’image à bande étroite ou des données d’image mixtes sur la base des signaux d’image, les données d’image
à large bande correspondant à la capture d’image sous la lumière à large bande, les données d’image à bande
étroite correspondant à la capture d’image sous la lumière à bande étroite, et les données d’image mixtes étant
une combinaison des données d’image à large bande et des données d’image à bande étroite ;
un calculateur de rapport de luminosité (61) destiné à calculer un rapport de luminosité entre la valeur de
luminosité des données d’image à bande étroite et la valeur de luminosité des données correspondant à une
composante de couleur de la lumière à large bande présentant une profondeur de pénétration différente de
celle de la lumière à bande étroite dans les données d’image à large bande, ou un rapport de luminosité entre
la valeur de luminosité des données correspondant à une composante de couleur de la lumière à bande étroite
et la valeur de luminosité des données correspondant à une composante de couleur de la lumière à large bande
présentant une profondeur de pénétration différente de celle de la lumière à bande étroite dans les données
d’image mixtes sur une base d’élément d’image ;
un stockage d’informations de corrélation de profondeur (62) destiné à stocker des informations de corrélation
de profondeur entre le rapport de luminosité et une profondeur du vaisseau sanguin ;
une section de détermination de profondeur (63) destinée à se référer aux informations de corrélation de
profondeur pour déterminer si l’élément d’image inclut le vaisseau sanguin et la profondeur du vaisseau sanguin
sur la base d’élément d’image à l’aide du rapport de luminosité calculé ;
un extracteur de région de vaisseau sanguin (64) destiné à extraire une région de vaisseau sanguin spécifique
sur la base d’une comparaison entre un valeur de seuil prédéterminée et la profondeur déterminée du vaisseau
sanguin, et
une section de traitement d’image (65) destinée à exécuter un traitement d’image sur la région de vaisseau
sanguin spécifique ou une région autre que la région de vaisseau sanguin spécifique dans les limites d’une
image à large bande sur la base des données d’image à large bande, de sorte que la région de vaisseau sanguin
spécifique et la région autre que la région de vaisseau sanguin spécifique sont en contraste l’une avec l’autre.

10. Procédé de traitement d’image d’une image endoscopique, comprenant les étapes pour :

capturer une image d’un site tissulaire dans une cavité corporelle alors que la lumière blanche à large bande
et la lumière à bande étroite sont émises simultanément ou séquentiellement vers le site tissulaire pour obtenir
des signaux d’image dans un ordre temporel, le site tissulaire incluant un vaisseau sanguin, la lumière à large
bande présentant une plage de longueurs d’ondes du bleu au rouge, la lumière à bande étroite étant dans une
plage de longueurs d’ondes spécifique ;
obtenir des données d’image à large bande et des données d’image à bande étroite ou des données d’image
mixtes sur la base des signaux d’image, les données d’image à large bande correspondant à la capture d’image
sous la lumière à large bande, les données d’image à bande étroite correspondant à la capture d’image sous
la lumière à bande étroite, et les données d’image mixtes étant une combinaison des données d’image à large
bande et des données d’image à bande étroite ;
calculer un rapport de luminosité entre la valeur de luminosité des données d’image à bande étroite et la valeur
de luminosité des données correspondant à une composante de couleur de la lumière à large bande présentant
une profondeur de pénétration différente de celle de la lumière à bande étroite dans les données d’image à
large bande, ou un rapport de luminosité entre la valeur de luminosité des données correspondant à une
composante de couleur de la lumière à bande étroite et la valeur de luminosité des données correspondant à
une composante de couleur de la lumière à large bande présentant une profondeur de pénétration différente
de celle de la lumière à bande étroite dans les données d’image mixtes sur une base d’élément d’image ;
se référer à des informations de corrélation de profondeur entre le rapport de luminosité et une profondeur du
vaisseau sanguin et déterminer si l’élément d’image inclut un vaisseau sanguin et la profondeur du vaisseau
sanguin sur la base d’élément d’image à l’aide du rapport de luminosité calculé ;
extraire une région de vaisseau sanguin spécifique sur la base d’une comparaison entre une valeur de seuil
prédéterminée et la profondeur déterminée du vaisseau sanguin, et
exécuter un traitement d’image sur la région de vaisseau sanguin spécifique ou une région autre que la région
de vaisseau sanguin spécifique dans les limites d’une image à large bande sur la base des données d’image
à large bande, de sorte que la région de vaisseau sanguin spécifique et la région autre que la région de vaisseau
sanguin spécifique sont en contraste l’une avec l’autre.
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