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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a fluorescent endoscopic device and a method of creating a fluorescent en-
doscopic image for diagnosing a normal tissue and a lesion tissue by obtaining a reflection light image and a fluorescent
image.

2. Description of the Related Art

[0002] Recently, endoscopes have been widely used in the medical field and the industrial field. Particularly, in the
medical field, proposals have been made on technologies for obtaining an image in which a normal tissue and a lesion
tissue can be easily discriminated in addition to endoscopic devices for obtaining usual images by usual white light.
[0003] For example, using a nature that a normal tissue and a lesion tissue emit different fluorescent intensity of auto-
fluorescence if excitation light in an excited wavelength region of a biologically-inherent fluorescent substance is irradiated
to a living tissue, such a technology is proposed that local existence of a lesion tissue and an infiltrated range are
displayed as fluorescent images by irradiating the excitation light in a predetermined wavelength region to the living
tissue and by receiving fluorescent light emitted from the biologically-inherent fluorescent substance.
[0004] Since the fluorescent intensity from the living tissue is extremely weak, S/N of the measured fluorescent image
is extremely low. Therefore, if standardized calculation is carried out using such a fluorescent image, the S/N of a
calculated image on the basis of an obtained calculation value also becomes extremely low, and discrimination between
a normal tissue and a lesion tissue becomes extremely difficult.
[0005] Then, in Japanese Patent Application Laid-Open Publication No. 2001-314366 and the like, for example, with
a purpose of improving S/N and contrast when a calculated image is created by carrying out the standardized calculation
on the basis of a ratio between two types of fluorescent images, a device for adding an offset value to each image,
respectively, before the standardized calculation is disclosed.
[0006] However, in the prior-art endoscopic device for obtaining the reflection light image and the fluorescent image,
since a single lamp (xenon lamp) is used as a light source and the light emitted by this lamp is made to pass through
an optical filter so that the reflection light, which is return light when visible light is irradiated to a living tissue, and an
excitation light with a predetermined band for exciting autofluorescent light from the living tissue are sequentially irradiated
to a portion of interest in the living tissue, there is a problem that the S/N is lowered by lack of illuminance of the excitation
light.
[0007] US 2001/049473 describes a method of processing a fluorescence signal detected from a bodily part which is
exposed to excitation light. The reflected and fluorescent light is picked up by a CCD having RGB elements arranged
thereon. A filter is applied to separate reflected excitation light form the fluorescent light response of the site. The filtered
signal is separated into R,G, and B components, and the signals are stored in an image memory for each respective
color. A processor comprises a memory for storing a sum of the RGB signals, and a divider unit for dividing the R
response by the sum RGB response and-means for storing the results. Then, the portion of the R response of the total
signal is compared to the total signal in order to determine whether or not a bodily portion is diseased. A low value as
a result indicates that the part is a diseased part.
[0008] The present invention was made in view of the above circumstances and has an object to provide a fluorescent
endoscopic device according to claim 1 and a method of creating a fluorescent endoscopic image according to claim 5
that can create a fluorescent observation image in which the drop of the S/N due to lack of illuminance of the excitation
light is alleviated.

SUMMARY OF THE INVENTION

[0009] A fluorescent endoscopic device includes an irradiation portion for irradiating illumination light and excitation
light to a subject, a light receiving portion for receiving a reflection light image generated from the subject on the basis
of the illumination light and a first fluorescent image and a second fluorescent image generated from the subject on the
basis of the excitation light, a calculation portion for executing processing of adding a result of addition processing of
the first fluorescent image and the second fluorescent image and a result of division processing of the first fluorescent
image and the second fluorescent image, and an image creation portion for creating a fluorescent observation image
on the basis of the reflection light image by means of the illumination light, the first fluorescent image, the second
fluorescent image and calculation results of the calculation portion.
[0010] A method of creating a fluorescent endoscopic image includes steps of irradiating illumination light and excitation
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light from an irradiation portion, receiving a reflection light image on the basis of the illumination light and a first fluorescent
image and a second fluorescent image on the basis of the excitation light, executing calculation processing of adding a
result of addition processing of the first fluorescent image and the second fluorescent image and a result of division
processing of the first fluorescent image and the second fluorescent image, and creating a fluorescent observation image
on the basis of the reflection light image by means of the illumination light, the first fluorescent image, the second
fluorescent image, and a calculation result of the calculation processing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a configuration diagram illustrating configuration of a fluorescent endoscopic device according to an em-
bodiment 1 of the present invention;
Fig. 2 is a diagram illustrating configuration of a rotating filter in Fig. 1;
Fig. 3 is a diagram illustrating a transmission characteristic of a WL filter in Fig. 2;
Fig. 4 is a diagram illustrating a transmission characteristic of an EX filter in Fig. 2;
Fig. 5 is a diagram illustrating a transmission characteristic of excitation light cut filter in Fig. 1;
Fig. 6 is a diagram illustrating a Bayer-arrayed color filter arranged on an image pickup face of a CCD in Fig. 1;
Fig. 7 is a diagram illustrating a transmission characteristic of the color filter in Fig. 6;
Fig. 8 is a block diagram illustrating configuration of an inter-image calculation portion in Fig. 1;
Fig. 9 is a diagram illustrating timing of image data of the inter-image calculation portion and a simultaneity portion
in Fig. 1;
Fig. 10 is a first spectral diagram illustrating intensity distribution of a fluorescent spectrum of auto-fluorescence for
explaining an action of the inter-image calculation portion in Fig. 8;
Fig. 11 is a second spectral diagram illustrating intensity distribution of a fluorescent spectrum of auto-fluorescence
for explaining an action of the inter-image calculation portion in Fig. 8;
Fig. 12 is a block diagram illustrating configuration of a variation of the inter-image calculation portion in Fig. 8;
Fig. 13 is a configuration diagram illustrating configuration of a fluorescent endoscopic device according to an
embodiment 2 of the present invention;
Fig. 14 is a diagram illustrating configuration of the rotating filter in Fig. 13;
Fig. 15 is a diagram illustrating a transmission characteristic of a G filter in Fig. 14;
Fig. 16 is a diagram illustrating a transmission characteristic of an EX1 filter and an EX2 filter in Fig. 14;
Fig. 17 is a diagram illustrating a transmission characteristic of an excitation light cut filter in Fig. 13;
Fig. 18 is a diagram for explaining an action of a fluorescent endoscopic device in Fig. 13;
Fig. 19 is a block diagram illustrating configuration of an inter-image calculation portion in Fig. 13;
Fig. 20 is a diagram illustrating timing of image data of each portion of the fluorescent endoscopic device in Fig. 13;
Fig. 21 is a block diagram illustrating configuration of an inter-image calculation portion in a first variation of the
fluorescent endoscopic device in Fig. 13;
Fig. 22 is a diagram illustrating configuration of a rotating filter in a second variation of the fluorescent endoscopic
device in Fig. 13; and
Fig. 23 is a block diagram illustrating configuration of the inter-image calculation portion in the second variation of
the fluorescent endoscopic device in Fig. 13.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Embodiments of the present invention will be described below referring to the attached drawings.

(Embodiment 1)

[0013] Figs. 1 to 12 relate to an embodiment 1 of the present invention, in which Fig. 1 is a configuration diagram
illustrating configuration of a fluorescent endoscopic device, Fig. 2 is a diagram illustrating configuration of a rotating
filter in Fig. 1, Fig. 3 is a diagram illustrating a transmission characteristic of a WL filter in Fig. 2, Fig. 4 is a diagram
illustrating a transmission characteristic of an EX filter in Fig. 2, Fig. 5 is a diagram illustrating a transmission characteristic
of excitation light cut filter in Fig. 1, Fig. 6 is a diagram illustrating a Bayer-arrayed color filter arranged on an image
pickup face of a CCD in Fig. 1, Fig. 7 is a diagram illustrating a transmission characteristic of the color filter in Fig. 6,
Fig. 8 is a block diagram illustrating configuration of an inter-image calculation portion in Fig. 1, Fig. 9 is a diagram
illustrating timing of image data of the inter-image calculation portion and a simultaneity portion in Fig. 1, Fig. 10 is a
first spectral diagram illustrating intensity distribution of a fluorescent spectrum of auto-fluorescence for explaining an
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action of the inter-image calculation portion in Fig. 8, Fig. 11 is a second spectral diagram illustrating intensity distribution
of a fluorescent spectrum of auto-fluorescence for explaining an action of the inter-image calculation portion in Fig. 8,
and Fig. 12 is a block diagram illustrating configuration of a variation of the inter-image calculation portion in Fig. 8.
[0014] As shown in Fig. 1, a fluorescent endoscopic device 1 of the present embodiment 1 is provided with an electronic
endoscope 2 (hereinafter abbreviated simply as an endoscope) inserted into a body cavity and the like for conducting
an endoscopic examination, a light-source device 3 for supplying illumination light to the endoscope 2, a video processor
4 for driving an image pickup portion built in the endoscope 2 and for carrying out signal processing for an output signal
of the image pickup portion, and a monitor 5 for displaying an endoscopic image picked up by the image pickup portion
when a video signal outputted from the video processor 4 is inputted.
[0015] The endoscope 2 has an elongated insertion portion 7, an operation portion 8 provided at a rear end of the
insertion portion 7, and a universal cable 9 extended from the operation portion 8, and a light guide connector 11 at an
end portion of the universal cable 9 is detachably connected to the light-source device 3, while a signal connector (not
shown) provided also at the end portion of the universal cable 9 is detachably connected to the video processor 4.
[0016] A light guide 13 for transmitting illumination light is inserted through the insertion portion 7, and by connecting
the light guide connector 11 at the end portion on the hand side in the light guide 13 to the light-source device 3, the
illumination light from the light-source device 3 is supplied to the light guide 13.
[0017] The light-source device 3 incorporates a lamp 20 generating the illumination light, and the lamp 20 generates
the illumination light covering a wavelength region of (red, green, blue and the like) visible light. The illumination light
has infrared light cut off by an infrared cut filter 21 to be made into substantially white illumination light and then, is made
to enter a diaphragm 22. The diaphragm 22 has the opening amount thereof controlled by a diaphragm driving circuit
23. Then, an illumination light amount passing through the diaphragm 22 is controlled.
[0018] The illumination light having passed through the diaphragm 22 enters a focusing lens 25 through a rotating
filter 51 made up of a WL filter 51 WL (transmission characteristics thereof are shown in Fig. 3) transmitting white light
generating the illumination light as shown in Fig. 2 and an EX filter 51 EX (transmission characteristics thereof are shown
in Fig. 4) transmitting excitation light, the light is focused by the focusing lens 25 and enters an end face on the hand
side of the light guide 13, that is, an incident end face. The rotating filter 51 is rotated by a motor 52 at a constant speed.
[0019] The illumination light from the light guide 13 is transmitted by the light guide 13 to the distal end face thereof
and outputted to the outside through an illumination lens 27 mounted at an illumination window provided at a distal end
portion 26 of the insertion portion 7 for illuminating a surface of the living tissue such as an affected part and the like in
the body cavity.
[0020] An observation window is provided adjacently to the illumination window at the distal end portion 26, and an
objective lens 28 is mounted on the observation window. The objective lens 28 forms an optical image by return light
from the living tissue. A color charge coupling device (hereinafter abbreviated as CCD) 29 as a solid image pickup device
is arranged at an image forming position of the objective lens 28, and the optical image is photoelectrically converted
by the CCD 29. An excitation light cut filter 30 (transmission characteristics thereof are shown in Fig. 5) for cutting off
the excitation light is provided on the image pickup face of the CCD 29.
[0021] The CCD 29 is connected to one end of a signal line, and by connecting a signal connector having the other
end of the signal line connected, to the video processor 4, connection is made to a CCD driving circuit 31 and a CDS
circuit 32 in the video processor 4. The CCD 29 photoelectrically converts the optical image by application of a CCD
driving signal from the CCD driving circuit 31. An image pickup signal from the CCD 29 obtained by photoelectric
conversion is inputted to the CDS circuit 32 and CDS-processed (a signal component is extracted from the image pickup
signal and converted into a base band signal).
[0022] An output signal of the CDS circuit 32 is inputted to an A/D conversion circuit 54 and converted into a digital
signal and also inputted to a light control circuit 57 via a detection circuit 56 constituting a light control signal creation
circuit 55. The light control circuit 57 creates a light control signal and controls the diaphragm driving circuit 23 of the
light-source device 3.
[0023] The digital signal created by the A/D conversion circuit 54 is converted by a 3-board processing portion 58 to
three image data (R, G, B). The image data (R, G, B) are given calculation processing, which will be described later, by
an inter-image calculation portion 59. The inter-image calculation portion 59 creates three image data (R’, G’, B’) from
the three image data (R, G, B) and outputs them to a simultaneity portion 60. The simultaneity portion 60 synchronizes
output timing of the three image data (R’, G’, B’) created by the inter-image calculation portion 59.
[0024] The 3-board processing portion 58 separates the image pickup signal through a color filter (transmission char-
acteristics thereof are shown in Fig. 7), which are Bayer-arrayed shown in Fig. 6 and arranged in the CCD 29 on the
image pickup face, into an RGB color image signal and converts it into the three image data (R, G, B) and outputs it to
the inter-image calculation portion 59 as images of an R channel, a G channel, and a B channel. Details of the inter-
image calculation portion 59 and the simultaneity portion 60 will be described later.
[0025] The three image data (R’, G’, B’) synchronized by the simultaneity portion 60 is inputted into a magnification
circuit 40 and given magnification interpolation processing. An output signal of the magnification circuit 40 is inputted
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into an intensification circuit 41 and given sharpening processing such as structural intensification and the like. Further-
more, after the magnification interpolation processing and the intensification processing, the image data (R’, G’, B’) is
converted by a D/A conversion circuit 61 to an analog signal and outputted from an output end to the monitor 5.
[0026] In the video processor 4, the detection circuit 56, the light control circuit 57, and the inter-image calculation
portion 59 are controlled by a control circuit 15. The control circuit 15 also drives and controls lighting control of the lamp
20 in the light-source device and the motor 52 in addition to the control of the detection circuit 56, the light control circuit
57, and the inter-image calculation portion 59.
[0027] The inter-image calculation portion 59 includes, as shown in Fig. 8, a switch circuit 100 constituted by three
switch portions 100a, 100b, 100c for switching each of the three image data (R, G, B) from the 3-board processing
portion 58, a first divider 101, a second divider 103, a first adder 102, a second adder 105, a first lookup table (LUT)
104, a second LUT 107, a first clip portion 106, and a second clip portion 108.
[0028] The three switch portions 100a, 100b, 100c of the switch circuit 100 are switches for switching each of the
three image data (R, G, B) from the 3-board processing portion 58 on the basis of control from the control circuit 15.
[0029] An action of the present embodiment constituted as above will be described. The inter-image calculation portion
59 switches the switch portions 100a, 100b, 100c according to illumination timing on the basis of the control signal from
the control circuit 15. The inter-image calculation portion 59 executes calculations shown in the following formula (1) for
the image data (R, G, B) outputted through the switch portions 100a, 100b, 100c at each of the first divider 101, the
second divider 103, the first adder 102, the second adder 145, the first LUT 104, the second LUT 107, the first clip portion
106, and the second clip portion 108 and outputs as the image data (R’, G’, B’). 

[0030] Specifically, as shown in Fig. 9, the switch circuit 100 switches the switch portions 100a, 100b, 100c according
to the illumination timing of the excitation light when the excitation light is illuminated through the Ex filter 51Ex of the
rotating filter 51 by means of control of the control circuit 15 and outputs the R image data (hereinafter referred to as
Rex) from the R channel of the 3-board processing portion 58 when the excitation light is irradiated to the first divider
101 and the first adder 102. Similarly, the switch circuit 100 outputs the G image data (hereinafter referred to as Gex)
from the G channel of the 3-board processing portion 58 when the excitation light is irradiated to the first divider 101
and the first adder 102.
[0031] The first divider 101 executes calculation of "Gex/Rex" for each pixel. At the subsequent first LUT 104, calculation
of logarithmic arithmetic and multiplication of a coefficient K to the output of the first divider 101 is executed by referring
to a table.
[0032] Here, the coefficient K is 16, for example, if the image data is made up of 8 bits, for example, and a value of
Klog2 (Gex/Rex) is kept to 8 bits. A predetermined value may be set by the number of bits, excitation wavelength and
the like. Moreover, switching by means of a scope SW (not shown) and the like may be possible by making a plurality
of coefficient value sets selectable.
[0033] The first adder 102 adds Rex and Gex, while the subsequent second adder 105 adds an output of the first LUT
104 to an output of the first adder 102.
[0034] Furthermore, the first clip portion 106 executes clip processing to an output of the second adder 105 in the
case where predetermined bit accuracy is exceeded and outputs the result as the image data G’, which is a G channel
output of the inter-image calculation portion 59, to the simultaneity portion 60.
[0035] On the other hand, when white light is irradiated through the WL filter 51 WL of the rotating filter 51, the switch
circuit 100 switches the switch portions 100a, 100b, 100c according to the illumination timing of the white light by means
of control of the control circuit 15 and outputs the R image data when the white light is irradiated (hereinafter referred
to as Rwl) as the image data B’, which is a B-channel output of the inter-image calculation portion 59, to the simultaneity
portion 60. Also, the switch circuit 100 switches the switch portions 100a, 100b, 100c according to the illumination timing
of the white light and outputs the G image data (hereinafter referred to as Gwl) from the G channel of the 3-board
processing portion 58 at the illumination of the white light and the B image data (hereinafter referred to as Bwl) from the
B channel to the second divider 103, and the second divider 103 executes calculation of "Gwl/Rwl" for each pixel. At the
subsequent second LUT 107, calculation as multiplication of logarithmic arithmetic and the coefficient K to the output of
the second divider 103 is executed by referring to a table.
[0036] The second clip portion 108 executes clip processing to an output of the second LUT 107 in the case where
predetermined bit accuracy is exceeded and outputs the result as the image data R’, which is an R-channel output of
the inter-image calculation portion 59, to the simultaneity portion 60.
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[0037] The simultaneity portion 60 synchronizes the image data G’, the image data B’, the image data R’ outputted
by the above calculation at the inter-image calculation portion 59 and outputs the result as the image data (R’, G’, B’)
to the magnification circuit 40.
[0038] If the excitation light is irradiated in a usual case, in the spectral diagram shown in Fig. 10, strong fluorescent
light is emitted from a normal tissue as shown by a solid line, while weak fluorescent light is emitted from a lesion tissue
as shown by a broken line, and thus, it can be determined if the living tissue is normal or in a lesion state by measuring
the fluorescent intensity. Also, a fluorescent spectrum generated from the lesion tissue might emit spectrum as shown
in Fig. 11, which is different from Fig. 10, depending on the lesion tissue.
[0039] An effect of the division in the formula (1) will be explained. In general, a pixel value IntF(i, j) at a position (i, j)
of a fluorescent image is defined by the formula (2): 

where
IntEx(i, j) is intensity at the position (i, j) of the excitation light,
Obj(λ, i, j) is a comprehensive response characteristic of a mucous considering concentrations and fluorescence quantum
yield of endogenous fluorescent substances and dispersion and absorbing characteristics of the excitation light and the
fluorescence,
Sens (λ) is a comprehensive spectral product of an image pickup system in which spectral transmittance of the objective
lens and a spectral sensitivity of the image pickup device are combined, and
λ is a fluorescence detection wavelength band.
[0040] If the fluorescence detection wavelength band λ of the fluorescence is a first band Band-1, a second band
Band-2, it is represented by the formula (3), respectively. In the formula (3), Obj(λ, i, j) is the response characteristic
according to the detection wavelength band λ. 

[0041] Therefore, the term of the illumination intensity of the excitation light can be cancelled by acquiring a ratio
between IntFband-1 and IntFband-2 as in the formula (4). 

[0042] Subsequently, an effect of the logarithmic arithmetic in the formula (1) will be explained. Since the ratio "Gex/Ret"
between the fluorescent image data Rex picked up by the R channel of the CCD 29 and Gex by the G channel of the
CCD 29 becomes 1 or more in the case of the fluorescent spectrum in Fig. 10, the logarithmic component of the formula
(1) becomes a positive value. On the other hand, it is "Gex/Rex" < 1 (less than 1) in Fig. 11, which is a negative value.
That is, a contrast change can be added onto the image data to which Rex and Gex are added according to the size of
Rex and Gex by acquiring logarithm. In the logarithmic arithmetic, it is possible to keep an output value low against a
large input value, and G’ in the formula (1) can keep the dynamic range thereof appropriate only by the division as
compared with a case in which the logarithm is not acquired.
[0043] Thus, image information reflecting a spectral shape can be created by means of the logarithmic arithmetic.
[0044] As mentioned above in the present embodiment, since the above-mentioned calculation is carried out in the
inter-image calculation portion 59, brightness of the fluorescent image is improved so that the drop in S/N can be alleviated
and the image information reflecting the spectral shape can be created.
[0045] That is, the result of the addition processing of the first fluorescent image Rex, and the second fluorescent
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image Gex improves the S/N and the result of the logarithmic arithmetic after the division processing of the first fluorescent
image Rex and the second fluorescent image Gex reflects the spectral shape, and the fluorescent observation image
with alleviated S/N drop can be created by carrying out the addition of the two results.

(Variation)

[0046] As a variation of the inter-image calculation portion 59 of the embodiment 1, as shown in Fig. 12, configuration
may use a subtractor 105a instead of the second adder 105. The calculation by the inter-image calculation portion 59
in this case will be as in the formula (5): 

[0047] In the variation, too, the actions/effects similar to the present embodiment can be obtained.

(Embodiment 2)

[0048] Figs. 13 to 23 relate to an embodiment 2 of the present invention, in which Fig. 13 is a configuration diagram
illustrating configuration of a fluorescent endoscopic device, Fig. 14 is a diagram illustrating configuration of the rotating
filter in Fig. 13, Fig. 15 is a diagram illustrating a transmission characteristic of a G filter in Fig. 14, Fig. 16 is a diagram
illustrating a transmission characteristic of an EX1 filter and an EX2 filter in Fig. 14, Fig. 17 is a diagram illustrating a
transmission characteristic of an excitation light cut filter in Fig. 13, Fig. 18 is a diagram for explaining an action of a
fluorescent endoscopic device in Fig. 13, Fig. 19 is a block diagram illustrating configuration of an inter-image calculation
portion in Fig. 13, Fig. 20 is a diagram illustrating timing of image data of each portion of the fluorescent endoscopic
device in Fig. 13, Fig. 21 is a block diagram illustrating configuration of an inter-image calculation portion in a first variation
of the fluorescent endoscopic device in Fig. 13, Fig. 22 is a diagram illustrating configuration of a rotating filter in a
second variation of the fluorescent endoscopic device in Fig. 13, Fig. 23 is a block diagram illustrating configuration of
the inter-image calculation portion in the second variation of the fluorescent endoscopic device in Fig. 13.
[0049] Since the embodiment 2 is substantially the same as the embodiment 1, only different points will be explained,
but the same reference numerals are given to the same configuration and the description will be omitted.
[0050] In the present embodiment 2, as shown in Fig. 13, a CCD 29a is a monochrome CCD and is driven by a CCD
driving signal from the CCD driving circuit 31 provided in a video processor 4A and photoelectrically converts an optical
image formed by the CCD 29 and outputs an image signal.
[0051] The image signal is amplified by a pre-amplifier 152 provided in the video processor 4A and further amplified
to a predetermined level by an auto gain control (AGC) circuit 153 and then, converted by the A/D conversion circuit 54
from an analog signal to a digital signal (image data), and each image data is temporarily stored in a first frame memory
156a, a second frame memory 156b, and a third frame memory 156c through a multiplexer 155 for switching.
[0052] The control circuit 15 controls the switching of a multiplexer 35 so that the each picked-up image data is
sequentially stored in the first frame memory 156a, the second frame memory 156b, and the third frame memory 156c.
[0053] The image data stored in the frame memories 156a to 156c are inputted to an inter-image calculation portion
59A, a calculation processing, which will be described later, for making inputted signals correspond to color signals of
the R, G, B channels is performed in the inter-image calculation portion 59A and converted to an analog RGB signal by
a D/A conversion circuit 61 and outputted to the monitor 5.
[0054] A rotating filter 51 A of the present embodiment is, as shown in Fig. 14, constituted by a G filter 51G transmitting
G light (transmission characteristics thereof is shown in Fig. 15), an EX1 filter 51EX1 transmitting first excitation light
and an EX2 filter 51EX2 transmitting second excitation light (transmission characteristics thereof are shown in Fig. 16).
An excitation light cut filter 30 for cutting off the excitation light in the present embodiment has a transmission characteristic
as shown in Fig. 17 and transmits G reflection light, which is return light when the G light is irradiated to a living tissue.
[0055] As shown in Fig. 18, a shallow tissue 160 and a deep tissue 161 have different excitation light wavelengths
promoting auto-fluorescence in a living tissue. Then, in the present embodiment, optical images by auto-fluorescence
F1, F2 from the tissues with different depths are picked up by irradiating the excitation light EX1, EX2 with the charac-
teristics as shown in Fig. 16 to the living tissue and an optical image by the reflection light of the G light by the G filter
51G is picked up. The frame memories 156a to 156c temporarily store the three image data (F1, F2, G).
[0056] The inter-image calculation portion 59A includes the divider 101, the LUT 104, the first adder 102, the second
adder 105, and the clip portion 106 for executing the calculation processing to the three image data (F1, F2, G) from
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frame memories 36a to 36c as shown in Fig. 19.
[0057] The action of the present embodiment configured as above will be described. Calculations shown in the following
formula (6) are executed for the image data (F1, F2, G) at each of the divider 101, the first adder 102, the second adder
105, the LUT 104, and the clip portion 106, and the results are outputted as the image data (R’, G’, B’): 

[0058] Specifically, as shown in Fig. 20, the inter-image calculation portion 59A inputs F1 image data from the frame
memory 156a (hereinafter referred to as F1) and the F2 image data from the frame memory 156b (hereinafter referred
to as F2) to the divider 101 and the first adder 102.
[0059] The first divider 101 executes the calculation of "F1/F2" for each pixel. At the subsequent LUT 104, the calculation
of the logarithmic arithmetic and multiplication of the coefficient K is executed to the output of the divider 101 by referring
to a table.
[0060] The first adder 102 adds F1 and F2, while the subsequent second adder 105 adds the output of the LUT 104
to the output of the first adder 102.
[0061] The first clip portion 106 executes clip processing to the output of the second adder 105 in a case where
predetermined bit accuracy is exceeded and outputs the result as the image data G’, which is a G-channel output of the
inter-image calculation portion 59A, to the D/A conversion circuit 61.
[0062] The inter-image calculation portion 59A outputs the G image data from the frame memory 156c (hereinafter
referred to as G) as the image data R’, which is an R-channel output of the inter-image calculation portion 59A, and the
image data B’, which is a B-channel output, to the D/A conversion circuit 61.
[0063] The clip portion 106 delays the output of the image data G’ for a predetermined time according to output timing
of the image data R’ and the image data B’, synchronizes and outputs the image data R’, the image data B’, and the
image data G’.
[0064] An effect of the division in the formula (6) will be explained. A pixel value IntF1 (i,j) at a position (i, j) of the
fluorescent image by the excitation light Ex1 is defined by the following formula (7), and pixel value IntF2 (i, j) at a position
(i, j) of the fluorescent image by the excitation light Ex2 is defined by the following formula (8): 

where
IntEx1(i, j) is intensity at the position (i, j) of the excitation light EX1,
ObjEx1 (λ, i, j) is a comprehensive response characteristic of a mucous considering concentrations and fluorescence
quantum yield of endogenous fluorescent substances and dispersion and absorbing characteristics of the excitation light
and the fluorescence corresponding to the excitation light Ex1,
Sens (λ) is a comprehensive spectral product of an image pickup system in which spectral transmittance of the objective
lens and a spectral sensitivity of the image pickup device are combined, and
IntEx2(i, j) is intensity at the position (i, j) of the excitation light Ex2,
ObjEx2(λ, i,j) is a comprehensive response characteristic of a mucous considering concentrations and fluorescence
quantum yield of endogenous fluorescent substances and dispersion and absorbing characteristics of the excitation light
and the fluorescence corresponding to the excitation light Ex2,
λ is a fluorescence detection wavelength band.
[0065] If the spectral characteristics of the illumination system are designed to be equivalent for the wavelength bands
of the excitation lights Ex1 and Ex2, a relation as shown in the formula (9) is obtained: 
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[0066] That is, if the formula (9) is satisfied, the following is derived: 

and by taking a ratio between IntF1 and IntF2 from the relation in the formula (10), illumination intensity of the excitation
light changed according to a position can be cancelled.
[0067] Subsequently, an effect of logarithmic arithmetic in the formula (6) will be described. In F1/F2, if the relation of
the pixel values (position (i,j)) of the fluorescent image is F1(i, j) > F2(i, j), the logarithmic component becomes a positive
value, while in the case of F1(i, j ) < F2(i,j), the component becomes a negative value. By acquiring logarithm, contrast
change can be added onto the image data in which F1 and F2 are added together according to the magnitude of F1
and F2, without being affected by the illumination intensity of the excitation light (changed according to the position).
[0068] Thus, it becomes possible to improve brightness of the fluorescent image and to create image information
reflecting a difference in fluorescent substances to be excited and a difference in their distribution layers.
[0069] In the present embodiment, too, as mentioned above, the effect similar to that in the embodiment 1 can be
obtained.

(Variation)

First variation

[0070] As a first variation of the inter-image calculation portion 59A of the embodiment 2, as shown in Fig. 21, it may
be so configured that the subtractor 105a is used instead of the second adder 105. The calculation by the inter-image
calculation portion 59A in this case is as in the formula (11): 

[0071] In the first variation, too, the actions/effects similar to those in the present embodiment can be obtained.

Second variation:

[0072] As a second variation of the embodiment 2, it may be so configured that a rotating filter 51B as shown in Fig.
22 may be provided instead of the rotating filter 51A. The rotating filter 51B is constituted by an R filter 51R transmitting
R light in addition to the G filter 51G, the EX1 filter 51EX1, and EX2 filter 51EX2.
[0073] In the second variation, a fourth frame memory for storing an optical image by reflection light of reference light
R in an R light band by means of the R filter 51 R is provided in addition to the three frame memories 156a to 156c in
the video processor 4A, though not shown.
[0074] Furthermore, as shown in Fig. 23, the inter-image calculation portion 59A of the second variation outputs G
image data from the frame memory 156c as the image data R’, which is an R-channel output, and the R image data
from the fourth frame memory as the image data B’, which is a B-channel output, to the D/A conversion circuit 61. The
calculation by the inter-image calculation portion 59A in this case is as in the formula (12): 



EP 2 095 758 B1

10

5

10

15

20

25

30

35

40

45

50

55

[0075] In the second variation, too, the actions/effects similar to those in the present embodiment can be obtained.

Claims

1. A fluorescent endoscopic device (1), comprising:

an irradiation portion (3, 13, 27) adapted for irradiating illumination light and excitation light to a subject;
a light receiving portion (29) adapted for receiving a reflection light image generated from the subject on the
basis of the illumination light and a first fluorescent image and a second fluorescent image generated from the
subject on the basis of the excitation light;
a calculation portion (59) adapted for executing processing of adding a result of
an adding portion (102, 105, 105a) adapted for determining a result of addition processing of the first fluorescent
image and the second fluorescent image; and a result of
a dividing portion (101, 103) adapted for determining a result of division processing of the first fluorescent image
and the second fluorescent image; and
characterized in that
the calculation portion (59) further comprises a logarithmic value assigning portion (104, 107) adapted for
assigning a logarithmic value to a division processing result of the dividing portion (101, 103); and
the fluorescent endoscope device further comprises an image creation portion (4) adapted for creating a fluo-
rescent observation image on the basis of the reflection light image by means of the illumination light, the first
fluorescent image, the second fluorescent image and calculation results of the calculation portion (59, 59A).

2. The fluorescent endoscopic device according to claim 1, wherein the first fluorescent image and the second fluo-
rescent image are fluorescent images on the basis of fluorescence in a green band and a red band excited by
excitation light in a single wavelength band.

3. The fluorescent endoscopic device according to claim 1, wherein
the excitation light by means of the irradiation portion (3, 13, 27) includes first excitation light having a first wavelength
band, and second excitation light having a second wavelength band different from the first wavelength band; and
the first fluorescent image is on the basis of the first excitation light, while the second fluorescent image is on the
basis of the second excitation light.

4. The fluorescent endoscopic device according to any one of claims 1 to 3, further comprising
a display portion (5) adapted for displaying a fluorescent observation image created by the image creation portion (4).

5. A method of creating a fluorescent endoscopic image, comprising steps of:

irradiating illumination light and excitation light from an irradiation portion (3, 13, 27);
receiving a reflection light image on the basis of the illumination light and a first fluorescent image and a second
fluorescent image on the basis of the excitation light;
executing calculation processing of adding a result of addition processing of the first fluorescent image and the
second fluorescent image and a result of division processing of the first fluorescent image and the second
fluorescent image;
characterized by further comprising the steps of
executing calculation processing for determining a result of a logarithmic value for the result of division processing
of the first and second fluorescent images; and
creating a fluorescent observation image on the basis of the reflection light image by means of the illumination
light, the first fluorescent image, the second fluorescent image, and calculation results of the calculation process-
ing.
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Patentansprüche

1. Fluoreszierende endoskopische Vorrichtung (1), mit:

einem Bestrahlungsabschnitt (3, 13, 27), der zum Abstrahlen von Beleuchtungslicht und Anregungslicht zu
einem Gegenstand eingerichtet ist,
einem Lichtempfangsabschnitt (29), der zum Empfangen eines Reflexionslichtbildes, das von dem Gegenstand
auf Basis des Beleuchtungslichtes erzeugt wird, und eines ersten und eines zweiten fluoreszierenden Bildes,
das vom Gegenstand auf Basis des Anregungslichtes erzeugt wird, eingerichtet ist;
einem Berechnungsabschnitt (59), der zum Ausführen der Additionsverarbeitung eines Addierabschnitts (102,
105, 105a) eingerichtet ist, der zum Bestimmen eines Ergebnisses der Additionsverarbeitung des ersten und
zweiten fluoreszierenden Bildes eingerichtet ist; und
eines Ergebnisses eines Dividierabschnitts (101, 103), der zum Bestimmen eines Ergebnisses der Divisions-
verarbeitung des ersten und zweiten fluoreszierenden Bildes eingerichtet ist; und
dadurch gekennzeichnet, dass
der Berechnungsabschnitt (59) ferner einen Zuordnungsabschnitt (104, 107) für einen logarithmischen Wert
aufweist, der zum Zuordnen eines logarithmischen Wertes zu einem Divisionsverarbeitungsergebnis des Divi-
dierabschnitts (101, 103) eingerichtet ist; und
die fluoreszierende endoskopische Vorrichtung ferner einen Bilderzeugungsabschnitt (4) aufweist, der zum
Erzeugen eines fluoreszierenden Beobachtungsbildes auf Basis des Reflexionslichtbildes mittels des Beleuch-
tungslichtes, des ersten und zweiten fluoreszierenden Bildes sowie der Berechnungsergebnisse des Berech-
nungsabschnitts (59, 59A) eingerichtet ist.

2. Fluoreszierende endoskopische Vorrichtung nach Anspruch 1, bei der das erste und zweite fluoreszierende Bild
fluoreszierende Bilder auf Basis der Fluoreszenz in einem grünen und einem roten Band sind, die vom Anregungslicht
in einem einzigen Wellenlängenband angeregt werden.

3. Fluoreszierende endoskopische Vorrichtung nach Anspruch 1, bei der das Anregungslicht des Bestrahlungsab-
schnitts (3, 13, 27) ein erstes Anregungslicht mit einem ersten Wellenlängenband und ein zweites Anregungslicht
mit einem zweiten Wellenlängenband, das verschieden ist vom ersten Wellenlängenband, enthält; und
das erste fluoreszierende Bild auf dem ersten Anregungslicht basiert, während das zweite fluoreszierende Bild auf
dem zweiten Anregungslicht basiert.

4. Fluoreszierende endoskopische Vorrichtung nach einem der Ansprüche 1 bis 3, ferner mit:

einem Anzeigeabschnitt (5), der zum Anzeigen eines fluoreszierenden Beobachtungsbildes eingerichtet ist,
das vom Bilderzeugungsabschnitt (4) erzeugt wird.

5. Verfahren zum Erzeugen eines fluoreszierenden endoskopischen Bildes, mit den Schritten:

Abstrahlen von Beleuchtungslicht und Anregungslicht von einem Bestrahlungsabschnitt (3, 13, 27);
Empfangen eines Reflexionslichtbildes auf Basis des Beleuchtungslichtes und eines ersten und eines zweiten
fluoreszierenden Bildes auf Basis des Anregungslichtes;
Ausführen einer Berechnungsverarbeitung des Addierens eines Ergebnisses der Additionsverarbeitung des
ersten und zweiten fluoreszierenden Bildes und eines Ergebnisses einer Divisionsverarbeitung des ersten und
zweiten fluoreszierenden Bildes;
gekennzeichnet durch die weiteren Schritte des
Ausführens einer Berechnungsverarbeitung zum Bestimmen eines Ergebnisses eines logarithmischen Wertes
für das Ergebnis der Divisionsverarbeitung des ersten und zweiten fluoreszierenden Bildes; und
Erzeugen eines fluoreszierenden Beobachtungsbildes auf Basis des Bildes des Reflexionslichtbildes mittels
des Beleuchtungslichtes, des ersten und zweiten fluoreszierenden Bildes sowie der Berechnungsergebnisse
der Berechnungsverarbeitung.

Revendications

1. Dispositif endoscopique fluorescent (1), comprenant :
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une partie d’irradiation (3, 13, 27) adaptée pour irradier une lumière d’éclairage et une lumière d’excitation sur
un sujet ;
une partie de réception de lumière (29) adaptée pour recevoir une image de lumière de réflexion générée depuis
le sujet sur la base de la lumière d’éclairage et une première image fluorescente et une deuxième image
fluorescente générées à partir du sujet sur la base de la lumière d’excitation ;
une partie de calcul (59) adaptée pour exécuter un traitement consistant à additionner
un résultat d’une partie d’addition (102, 105, 105a) adaptée pour déterminer un résultat de traitement d’addition
de la première image fluorescente et de la deuxième image fluorescente ; et
un résultat d’une partie de division (101, 103) adaptée pour déterminer un résultat d’un traitement de division
de la première image fluorescente et de la deuxième image fluorescente ; et
caractérisé en ce que
la partie de calcul (59) comprend en outre une partie d’attribution de valeur logarithmique (104, 107) adaptée
pour attribuer une valeur logarithmique à un résultat de traitement de division de la partie de division (101, 103) ; et
le dispositif endoscopique fluorescent comprend en outre une partie de création d’image (4) adaptée pour créer
une image d’observation fluorescente sur la base de l’image de lumière de réflexion au moyen de la lumière
d’éclairage, de la première image fluorescente, de la deuxième image fluorescente et des résultats de calcul
de la partie de calcul (59, 59A).

2. Dispositif endoscopique fluorescent selon la revendication 1, dans lequel la première image fluorescente et la
deuxième image fluorescente sont des images fluorescentes sur la base de la fluorescence dans une bande de
vert et une bande de rouge excitées par une lumière d’excitation dans une bande de longueur d’onde unique.

3. Dispositif endoscopique fluorescent selon la revendication 1, dans lequel
la lumière d’excitation au moyen de la partie d’irradiation (3, 13, 27) comprend une première lumière d’excitation
présentant une première bande de longueur d’onde et une deuxième lumière d’excitation présentant une deuxième
bande de longueur d’onde différente de la première bande de longueur d’onde ; et
la première image fluorescente est basée sur la première lumière d’excitation, alors que la deuxième image fluo-
rescente est basée sur la deuxième lumière d’excitation.

4. Dispositif endoscopique fluorescent selon l’une quelconque des revendications 1 à 3, comprenant en outre
une partie d’affichage (5) adaptée pour afficher une image d’observation fluorescente créée par la partie de création
d’image (4).

5. Procédé de création d’une image endoscopique fluorescente, comprenant les étapes consistant à :

irradier une lumière d’éclairage et une lumière d’excitation à partir d’une partie d’irradiation (3, 13, 27) ;
recevoir une image de lumière de réflexion sur la base de la lumière d’éclairage et une première image fluo-
rescente et une deuxième image fluorescente sur la base de la lumière d’excitation ;
exécuter un traitement de calcul consistant à additionner un résultat d’un traitement d’addition de la première
image fluorescente et de la deuxième image fluorescente et un résultat d’un traitement de division de la première
image fluorescente et de la deuxième image fluorescente ;
caractérisé en ce qu’il comprend en outre les étapes consistant à
exécuter un traitement de calcul destiné à déterminer un résultat d’une valeur logarithmique pour le résultat du
traitement de division des première et deuxième images fluorescentes ; et
créer une image d’observation fluorescente sur la base de l’image de lumière de réflexion au moyen de la
lumière d’éclairage, de la première image fluorescente, de la deuxième image fluorescente et des résultats de
calcul du traitement de calcul.



EP 2 095 758 B1

13



EP 2 095 758 B1

14



EP 2 095 758 B1

15



EP 2 095 758 B1

16



EP 2 095 758 B1

17



EP 2 095 758 B1

18



EP 2 095 758 B1

19



EP 2 095 758 B1

20



EP 2 095 758 B1

21



EP 2 095 758 B1

22



EP 2 095 758 B1

23



EP 2 095 758 B1

24



EP 2 095 758 B1

25



EP 2 095 758 B1

26



EP 2 095 758 B1

27



EP 2 095 758 B1

28

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2001314366 A [0005] • US 2001049473 A [0007]



专利名称(译) 荧光内窥镜装置和产生荧光内窥镜图像的方法

公开(公告)号 EP2095758B1 公开(公告)日 2011-11-09

申请号 EP2009002755 申请日 2009-02-26

[标]申请(专利权)人(译) 奥林巴斯医疗株式会社

申请(专利权)人(译) 奥林巴斯医疗系统公司

当前申请(专利权)人(译) 奥林巴斯医疗系统股份有限公司.

[标]发明人 YAMAZAKI KENJI

发明人 YAMAZAKI, KENJI

IPC分类号 A61B1/04 A61B5/00

CPC分类号 A61B5/0071 A61B1/00009 A61B1/043 A61B1/0638 A61B1/0646 A61B5/0075 A61B5/0084

优先权 2008046648 2008-02-27 JP

其他公开文献 EP2095758A1

外部链接 Espacenet

摘要(译)

图像间计算部分包括由三个开关部分组成的开关电路，用于从3板处理部
分，第一分频器，第二分频器，第一加法器切换三个图像数据（R，G，
B）中的每一个，第二加法器，第一LUT，第二LUT，第一剪辑部分和第
二剪辑部分。

https://share-analytics.zhihuiya.com/view/25f55d23-b776-4cf0-b4e9-f183da02d72e
https://worldwide.espacenet.com/patent/search/family/040578427/publication/EP2095758B1?q=EP2095758B1

