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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a fluorescence image obtaining apparatus according to the preamble of claim
1, and a program for causing a computer to execute a fluorescence image obtaining method.

Description of the Related Art

[0002] Fluorescence detection apparatuses have been proposed that make use of the fact that the intensity of the
fluorescence emitted from a normal tissue differs from the intensity of the fluorescence emitted from a diseased tissue
when a target subject (i.e., a living tissue) is irradiated by an excitation light within an excitation wavelength range of the
intrinsic fluorophores of the target subject. By detecting the fluorescence emitted from a target subject upon irradiation
thereof by an excitation light within a predetermined wavelength range, the location and range of penetration of a diseased
tissue is discerned.
[0003] Normally, when a target subject is irradiated by an excitation light, because a high-intensity fluorescence is
emitted from a normal tissue, as shown by the solid line in Fig. 15, and a weak-intensity fluorescence is emitted from a
diseased tissue, as shown by the broken line in Fig. 15, by measuring the intensity of the fluorescence emitted from the
target subject, it can be determined whether the target subject is in a normal or a diseased state.
[0004] Further, methods of imaging fluorescence by use of an imaging element or the like, and displaying a diagnostic
fluorescence image corresponding to the intensity of the imaged fluorescence have been proposed. Here, because there
is unevenness on the surface of a target subject, the intensity of the excitation light irradiating the target subject is not
of a uniform intensity across the entirety of the surface thereof. Further, although the intensity of the fluorescence emitted
from the target subject is substantially proportional to the intensity of the excitation light, the intensity of the aforementioned
excitation light becomes weaker in inverse proportion to the square of the distance between the excitation light source
and the target subject. Therefore, there are cases in which the fluorescence received from a diseased tissue located at
a position closer to the excitation light source than a normal tissue is of a higher intensity than the fluorescence received
from aforementioned normal tissue. Consequently, the state of the tissue of the target subject cannot be accurately
discerned based solely on the data relating to the intensity of the fluorescence received from the target subject upon
the irradiation thereof with an excitation light. In order to remedy the problems described above: a method of displaying
an image based on the difference between the spectral forms representing the tissue states, that is, a method of dividing
the intensities of two types of fluorescence intensities of two fluorescence images, each formed of fluorescence of a
mutually different wavelength band (a narrow band near 480 nm and a wide band from near 430-730 nm) to obtain the
ratio therebetween and displaying a computed image based on the obtained factor thereof as a fluorescence diagnostic
image; a method of obtaining a value representing a fluorescence yield and displaying an image, that is, a method of
projecting, as a reference light, onto a target subject a near-infrared light which is absorbed uniformly absorbed by
tissues of a variety of tissue states, detecting the intensity of the reflected light reflected from the target subject upon
the irradiation thereof by the reference light and dividing the intensity of the reflected light by the intensity of the fluores-
cence intensity to obtain the ratio therebetween, and displaying a computed image based on the obtained factor thereof
as a fluorescence diagnostic image; and the like have been proposed. Further there have been proposed: a method of
assigning color data to the factor of the intensities of the fluorescence of two different wavelength bands, or to the factor
of a fluorescence intensity and the intensity of the reflected light reflected from the target subject upon the irradiation
thereof by a reference light, to form a fluorescence diagnostic image wherein the diseased tissue of the target subject
can be discerned from the difference in color within the fluorescence diagnostic image; a method of combining the color
image representing the diseased tissue of the target subject by the difference in color and a brightness image formed
by assigning brightness data to the intensity of the reflected light reflected from the target subject upon the irradiation
thereof by the reference light to display a fluorescence diagnostic image also representing the contour of the surface of
the target subject and imparting a three-dimensional sense thereof; such as those described in US Patent Nos. 5590660,
5647368, and Japanese Unexamined Patent Publication Nos. 9(1997)-308604, 10(1998)-225436, and 2001-157658.
[0005] In this manner, by obtaining, displaying on a monitor and observing a fluorescence diagnostic image, an accurate
determination can be made as to whether the target subject is in a normal state or a diseased state.
[0006] However, for cases in which a fluorescence diagnostic image is obtained of a target subject when blood, mucus,
digestive fluids, saliva, foam, residue, and/or the like (hereinafter referred to as obstructing factors) is present on the
target subject, because the obstructing factor is also obtained in the image at the same time, the fluorescence diagnostic
image contains an image of the obstructing factor. Here, if an obstructing factor is present on the target subject, the
intensity of the fluorescence emitted from the portion on which the obstructing factor is present becomes reduced, and
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fluorescence of a wavelength greater than or equal to 600 nm is emitted. Therefore, if a diagnosis is carried out using
a fluorescence diagnostic image including an obstructing factor, there is a fear that the portion on which the obstructing
factor is present will be judged to be a diseased tissue, even though said portion is a normal tissue. Hereinafter, the
reasons whereby an obstructing factor leads to misdiagnosis will be explained.
[0007] The spectrum of the fluorescence intensity emitted from the target subject upon the irradiation thereof by the
excitation light is that shown in Fig. 15, and the normalized fluorescence intensity spectrum obtained by normalizing
(causing the integral value over the entirety of the wavelength band to become 1) the aforementioned fluorescence
intensity spectrum is that shown in Fig. 16. As shown in Fig. 15, the fluorescence intensity (an integral value over the
entire wavelength band) emitted from a normal tissue and the fluorescence intensity emitted from a diseased tissue are
clearly different. Further, as shown in Fig. 16, in the normalized fluorescence intensity spectrum, the relative intensity
of the fluorescence of a wavelength near 480 nm emitted from the diseased tissue is reduced in comparison to that
emitted from the normal tissue state, and the relative intensity of the fluorescence of a wavelength near 630 nm emitted
from the diseased tissue is greater in comparison to that emitted from the normal tissue. Accordingly, it can be determined
if the target subject is a normal tissue or a diseased tissue based on the fluorescence intensity and the normalized
fluorescence intensity.
[0008] On the other hand, Fig. 17 shows the fluorescence intensity spectrum obtained of the fluorescence emitted
from a residue obstructing factor upon the irradiation thereof by an excitation light, and Fig. 18 shows the normalized
fluorescence intensity spectrum thereof. As shown in Fig. 17, in the case of residue, the fluorescence intensity spectrum
thereof becomes approximately the same degree as that of the fluorescence emitted from a normal tissue; however, as
shown in Fig. 18, with respect to the normalized fluorescence intensity spectrum of the fluorescence intensity spectrum
of the fluorescence emitted from an obstructing factor, the relative intensity of the fluorescence of a wavelength near
480 nm is lower in comparison to that emitted from the normal tissue, and the relative intensity of the fluorescence of a
wavelength near 670 nm is greater in comparison to that emitted from the normal tissue. Accordingly, according to the
method wherein a computed image based on the factor of the intensities of two different types of fluorescence is employed
as a fluorescence diagnostic image as described above, for example, in the case in which a fluorescence diagnostic
image reflecting the form of the normalized fluorescence image intensity spectrum is obtained, because the pixel values
of a portion in which a residue is present become the same pixel values as that of a diseased tissue, there is a fear that
regardless of the fact that the tissue on which an obstructing factor is present is a normal tissue, said tissue will be
diagnosed as being a diseased tissue.
[0009] An apparatus and a program as mentioned above and defined by the preamble of claim 1 is known from US-
A-5 769 792.
[0010] According to this prior art, fluorescence intensity values are obtained by irradiating laser light onto a target
subject. Then, the target (tissue) emits autofluorescence, the values of which are detected. In order to enhance the
detection, localisation and delineation of various tissues, a color image can be combined with fluorescence blue laser
illuminated images, which might be considered as an obstructing region detecting means.

SUMMARY OF THE INVENTION

[0011] The present invention has been developed in view of the forgoing circumstances, and it is an objective of the
present invention to provide a fluorescence image obtaining apparatus, and a program capable of causing a computer
to execute a fluorescence image obtaining method, wherein, an accurate diagnosis can be performed using a fluorescence
diagnostic image.
[0012] This is achieved by the features of claims 1 and 6, respectively.
[0013] The referents of "fluorescence diagnostic image" can include: an image corresponding to the intensity of the
fluorescence emitted from a target subject upon the irradiation thereof by an excitation light; an image representing the
ratio between two types of fluorescence intensities obtained of two different wavelength bands; an image representing
the ratio of the fluorescence intensity to the intensity of the reflected light reflected from the target subject upon the
irradiation thereof by a reference light; an image formed by assigning color data to the ratio between the fluorescence
intensities obtained of two different wavelength bands; an image formed by assigning color data to the ratio of the of
fluorescence intensity to the reflectance intensity of the reflected light reflected from the target subject upon the irradiation
thereof by a reference light; a synthesized image formed by combining a color image to which color data has been
assigned and a brightness image obtained by assigning brightness data to the reflectance intensity of the reflected light
reflected from the target subject upon the irradiation thereof by a reference light; or the like.
[0014] The referents of "color data" include, for example: the hue, saturation, and/or chromaticity (hue and saturation)
of development color systems (HSB/HVC/Lab/Luv/La*b*/Lu*v* color spaces) or a mixed color system (an X,Y,Z color
space); the color differences of a visible image signal representative of a TV signal (e.g., the IQ of the YIQ of an NTSC
signal, the CbCr of an YCbCr, etc.) ; the combination ratio of a color signal (R, G, B or C, M, Y, G), etc.
[0015] The referents of "brightness data" include, for example: the luminosity or brightness of development color
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systems (HSB/HVC/Lab/Luv/La*b*/Lu*v* color spaces)or a mixed color system (an X, Y, Z color space) ; the brightness
of a visible image signal representative of a TV signal (e.g., the Y of the YIQ of an NTSC signal, the CbCr of an YCbCr,
etc.); etc.
[0016] The referents of "obstructing regions" are the regions representing locations of the target subject on which an
obstructing factor such as blood, mucus, digestive fluids, saliva, foam, residue, and/or the like is present. The obstructing
regions are regions of which there is a high probability of the misdiagnosis thereof as a diseased tissue, regardless of
the fact that the tissue represented therein is in a normal tissue state. Note that according to the present invention, the
regions of a fluorescence diagnostic image corresponding to obstructing regions as well as the regions of a standard
image corresponding to obstructing regions are referred to as obstructing regions.
[0017] Note that according to the fluorescence image obtaining apparatus of the present invention, a white light can
be projected onto the target subject and a standard image of said target subject can be obtained based on the reflected
light obtained from said target subject upon the irradiation thereof by the white light, and
the obstructing regions included therein can be detected based on the color data of the standard image.
[0018] The obstructing regions detecting means is a means for detecting, based on either the fluorescence intensity
or the computed fluorescence value, the suspected obstructing regions of the target subject, and detecting, based on
the other of either of the fluorescence intensity and the computed fluorescence value of said suspected obstructing
regions, the obstructing regions.
[0019] According to the fluorescence image obtaining apparatus of the present invention, a standard image obtaining
means for obtaining, based on the reflected light obtained from the target subject upon the irradiation thereof by the
white light, a standard image of the target subject can be further provided, and
the obstructing regions detecting means can be a means for obtaining, based on the fluorescence, fluorescence data
of the target subject, and detecting, based on the color data of the standard image and the fluorescence data, the
obstructing regions.
[0020] In this case, the fluorescence intensity or the computed fluorescence value representing the ratio between a
plurality of fluorescence intensities obtained of different wavelength bands can be used as the fluorescence data.
[0021] Further, in this case, the obstructing regions detecting means can be a means for detecting, based on any one
of the color data, the fluorescence intensity, or the computed fluorescence value, the suspected obstructing regions of
the target subject, and detecting, based on one of the data other than that employed in the detection of said suspected
obstructing regions, the obstructing regions of the suspected obstructing regions.
[0022] Still further, the fluorescence intensity and the computed fluorescence value representing the ratio between a
plurality of fluorescence intensities obtained of different wavelength bands can be used as the fluorescence data.
[0023] In this case, the obstructing regions detecting means can be a means for detecting, based on any one of the
color data, the fluorescence intensity, or the fluorescence data a first suspected obstructing region of the target subject,
and detecting, based on one of the data other than that employed in the detection of said first suspected obstructing
region, a second suspected obstructing region of the target subject, and detecting, based on one of the data other than
that employed in the detection of said second suspected obstructing region, the obstructing regions.
[0024] Further, according to the fluorescence image obtaining apparatus of the present invention, it is preferable that
an exceptional display process means for subjecting the obstructing regions of the fluorescence diagnostic image to
exceptional display processes, and
a display means for displaying the fluorescence diagnostic image that has been subjected to said exceptional display
processes be further provided.
[0025] Still further, according to the fluorescence image obtaining apparatus according to the present invention, it is
preferable that a portion or the entirety of the fluorescence diagnostic image obtaining means be provided in the form
of an endoscope to be inserted into the body cavity of a patient.
[0026] Note that the fluorescence image obtaining method of the present invention may be provided as a program
capable of causing a computer to execute said fluorescence image obtaining method.
[0027] According to the present invention, when a fluorescence diagnostic image is obtained, because the obstructing
regions representing the obstructing factor present on the target subject are detected, by causing the obstructing regions
to be of a color different from that of the other regions or removing the obstructing regions, etc. and displaying the
fluorescence diagnostic image, the fear that an obstructing region will be diagnosed as a tissue in a diseased state is
eliminated. Accordingly, an accurate diagnosis can be performed using the fluorescence diagnostic image.
[0028] Further, for cases in which a standard image is obtained based on the reflected light obtained from the target
subject upon the irradiation thereof by a white light, the obstructing regions included within the standard image become
a different color than the other regions. Accordingly, the obstructing regions can be accurately detected based on the
color data of the standard image.
[0029] Still further, for cases in which the fluorescence intensity emitted from the target subject including obstructing
factors upon the irradiation thereof by an excitation light is obtained in a plurality of wavelength bands, and a computed
fluorescence data representing the ratio between these plurality of fluorescence intensities has been obtained, the
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computed fluorescence value of the obstructing regions becomes close to that of a diseased tissue. On the other hand,
the fluorescence intensity emitted from the obstructing factors present on the target subject becomes a value close to
that of the fluorescence intensity emitted from a normal tissue. Accordingly, the obstructing regions can be distinguished
from the other regions of the target subject, based on the fluorescence data such as the fluorescence intensity, the
computed fluorescence value, or the like. Therefore, the obstructing regions can be accurately detected based on the
fluorescence data.
[0030] In particular, when the obstructing regions are detected based on the fluorescence intensity and the computed
fluorescence value, by detecting, based on either of the fluorescence intensity or the computed fluorescence value, the
suspected obstructing regions, and further detecting, based on the other of either the fluorescence intensity or the
computed fluorescence value, the obstructing regions of the suspected obstructing regions, the amount of computation
required for detecting the obstructing regions can be reduced by the detection of the obstructing regions from the
suspected obstructing regions compared to the case in which the obstructing regions are detected from the fluorescence
data across the entire area of the target subject. For example, for a case in which the suspected obstructing regions
have been detected based on the fluorescence intensity, if the obstructing regions are detected, based on the computed
fluorescence value, for only the suspected obstructing regions, the amount of calculation required for performing the
detection can be reduced. On the other hand, for a case in which the suspected obstructing regions have been detected
based on the computed fluorescence value, if the obstructing regions are detected, based on the fluorescence intensity,
for only the suspected obstructing regions, the amount of calculation required for performing the detection can be reduced.
Accordingly, the amount of calculation required for detecting the obstructing regions can be reduced, and the obstructing
regions can be detected at a higher speed.
[0031] Further, by detecting the obstructing regions based on the color data and the computed fluorescence value,
the parameters for detecting the obstructing regions can be increased, whereby the obstructing regions can be detected
more accurately.
[0032] Still further, when the color data and the fluorescence intensity or the computed fluorescence value are used
to detect the obstructing regions, by detecting, based on the color data and either of the fluorescence intensity or the
computed fluorescence value, the suspected obstructing regions, and then detecting, based on the data other than that
used in the detection of the suspected obstructing regions, the obstructing regions of the suspected obstructing regions,
the amount of computation required for detecting the obstructing regions can be reduced by the detection of the obstructing
regions from the suspected obstructing regions compared to the case in which the obstructing regions are detected from
the color data and the fluorescence data across the entire area of the target subject; as a result, the obstructing regions
can be detected at a higher speed.
[0033] In addition, when the color data, the fluorescence intensity, and the computed fluorescence value are employed
to detect the obstructing regions: a first suspected obstructing region is detected based on any of the color data, the
fluorescence intensity, and the computed fluorescence value; a second suspected obstructing region is detected based
on either of the data other than that used in the detection of the first suspected obstructing region; the obstructing regions
of the second suspected obstructing region are detected based on the data other than that used in the detection of the
first and second suspected obstructing regions; whereby the amount of computation required for detecting the obstructing
regions can be reduced by the detection of the obstructing regions from the second suspected obstructing region, which
has been detected from the first suspected obstructing region, in comparison to the case in which the obstructing regions
are detected from the color data and the fluorescence data across the entire area of the target subject; and as a result,
the obstructing regions can be detected at a higher speed.
[0034] Further, by subjecting the obstructing regions occurring in a fluorescence diagnostic image to an exceptional
display process when the fluorescence diagnostic image is to be displayed, when the displayed fluorescence diagnostic
image is displayed, the obstructing regions can be recognized as such at a glance. Accordingly, the fear that an obstructing
region will be misrecognized as a tissue in a diseased state is eliminated, and the diagnosis can be performed more
accurately using the fluorescence diagnostic image.
[0035] Still further, if a fluorescence diagnostic image in which the images of the regions other than the obstructing
regions have been caused to be transparent is superposed over a standard image and displayed, when the displayed
standard image is observed, the obstructing regions can be recognized as such at a glance. Accordingly, the fear that
a tissue in a diseased state that appears within obstructing region will be overlooked is eliminated, and the accuracy
with which the diagnosis can be performed using the fluorescence diagnostic image is improved a level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

Figure 1 is a schematic drawing of the main part of a fluorescence endoscope apparatus implementing the fluores-
cence image obtaining apparatus according to the first embodiment of the present invention,



EP 1 535 569 B1

6

5

10

15

20

25

30

35

40

45

50

55

Figure 2 is a schematic drawing of a CYG filter,
Figure 3 is a schematic drawing of a switching filter,
Figure 4 is a flowchart of the operation of the first embodiment from the detection of the obstructing regions to the
performance of the exceptional display process,
Figure 5 is a schematic drawing of the main part of a fluorescence endoscope apparatus implementing the fluores-
cence image obtaining apparatus according to the second embodiment of the present invention,
Figure 6 is a flowchart of the operation of the second embodiment from the detection of the obstructing regions to
the performance of the exceptional display process,
Figure 7 is a schematic drawing of the main part of a fluorescence endoscope apparatus implementing the fluores-
cence image obtaining apparatus according to a variation of the second embodiment of the present invention,
Figure 8 is a schematic drawing of the main part of a fluorescence endoscope apparatus implementing the fluores-
cence image obtaining apparatus according to the third embodiment of the present invention,
Figure 9 is a flowchart of the operation of the third embodiment from the detection of the obstructing regions to the
performance of the exceptional display process,
Figure 10 is a flowchart of the operation of the fourth embodiment from the detection of the obstructing regions to
the performance of the exceptional display process,
Figure 11 is a flowchart of the operation of the fifth embodiment from the detection of the obstructing regions to the
performance of the exceptional display process,
Figure 12 is a schematic drawing of the sixth embodiment of the present invention;
Figure 13 is a schematic drawing of a rotating filter,
Figure 14 is a schematic drawing of a mosaic filter,
Figure 15 is a graph illustrating the respective intensity distributions of the fluorescence intensity spectrum of a
tissue in a normal state and a tissue in a diseased state,
Figure 16 is a graph illustrating the respective intensity distributions of the normalized fluorescence intensity spectrum
of a tissue in a normal state and a tissue in a diseased state,
Figure 17 is a graph illustrating the respective intensity distributions of the fluorescence intensity spectrum of a
tissue in a normal state and a residue, and
Figure 18 is a graph illustrating the respective intensity distributions of the normalized fluorescence intensity spectrum
of a tissue in a normal state and a residue.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0037] Hereinafter the preferred embodiments of the present invention will be explained with reference to the attached
drawings. Fig. 1 is a schematic drawing of the main part of a fluorescence endoscope apparatus implementing the
fluorescence image obtaining apparatus according to the first embodiment of the present invention. According to the
fluorescence endoscope apparatus of the first embodiment of the present invention: the fluorescence emitted from a
target subject upon the irradiation thereof by an excitation light is two-dimensionally detected by an image fiber; a narrow
band fluorescence image formed of the fluorescence of a wavelength in the 430-530 nm wavelength band and a wide
band fluorescence image formed of the fluorescence of a wavelength in the 530-730 nm wavelength band are obtained;
a color image is formed based on the intensities of both fluorescence images, that is, on the factor of each corresponding
pixel value of the narrow band fluorescence image and the wide band fluorescence image; an IR reflectance image is
obtained of the reflected light reflected from the target subject upon the irradiation thereof by white light; a luminosity
image is formed based on the light intensity of the IR reflectance image, that is, on the pixel value of each pixel of the
IR reflectance image; the color image and the IR luminosity image are combined to form a synthesized image; and the
synthesized image is displayed on a monitor as a fluorescence diagnostic image.
[0038] As shown in Fig. 1, the fluorescence endoscope apparatus according to the first embodiment of the present
invention comprises: an endoscope insertion portion 100 for insertion into the primary nidus and suspected areas of
disease of the patient; and an image signal processing portion 1.
[0039] The image signal processing portion 1 comprises: an illuminating unit 110 equipped with a light source for
emitting a white light L1 (including a reference light L5) for obtaining a standard image and an IR reflectance image, and
an excitation light L2 for obtaining a fluorescence image; an image obtaining unit 120 for obtaining two types of fluores-
cence images formed of different wavelength bands of fluorescence and an IR reflectance image of a target subject 10,
and obtaining fluorescence image data K1, K2, and an IR reflectance image data F1; a fluorescence diagnostic image
forming unit 130 for obtaining a factor between the corresponding pixel values of the respective fluorescence images
represented by each of fluorescence image data K1 and K2 and obtaining a color image data H based on the obtained
factor, forming a luminosity image data V based on the pixel value of the IR reflectance image represented by the IR
reflectance image data F1, combining the color image data H and the luminosity image data V to form a fluorescence
diagnostic image data, and further subjecting the fluorescence diagnostic image data to an exceptional display process,
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which is described below, to obtain a processed fluorescence diagnostic image data KP representing a processed
fluorescence diagnostic image; an image processing unit 140 for subjecting the standard image represented by the
standard image data N and the processed fluorescence diagnostic image represented by the processed fluorescence
diagnostic image data KP to the processes required to display said images as visible images; an obstructing region
detecting unit 150 for detecting the obstructing regions, which are described below; a controller 160 connected to each
of the above units for controlling the operation timings thereof; a monitor 170 for displaying the normal image data N
processed by the image process portion 140 as a visible image; and a monitor 180 for displaying the processed fluo-
rescence diagnostic image data KP processed by the image process portion 140 as a visible image.
[0040] The endoscope insertion portion 100 is provided with a light guide 101 extending internally to the distal end
thereof, A CCD cable 102, and an image fiber 103. An illuminating lens 104 and an objective lens 105 are provided at
the distal end of the light guide 101, that is, at the distal end of the endoscope insertion portion 100. Further, the image
fiber 103 is a quartz glass fiber, and is provided at the distal end thereof with a condensing lens 106. A CCD imaging
element 107 (not shown) which is provided with an on-chip color filter is connected to the distal end of the CCD cable
102, and a prism 108 is attached to the CCD imaging element 107. Still further, an RGB filter 109 provided with R, G,
and B band filter elements corresponding to each pixel of the CCD imaging element 107 and which are distributed in a
mosaic pattern is disposed between the CCD imaging element 107 and the prism 108. A white light guide 101a, which
is a composite glass fiber, and an excitation light guide 101b, which is a quartz glass fiber are bundled to form the light
guide 101 as an integrated cable. The white light guide 101a and the excitation light guide 101b are connected to the
illuminating unit 110. One end of the CCD cable 102 is connected to the image processing unit 140, and one end of the
image fiber 103 is connected to the image obtaining unit 120.
[0041] Note that a CYG filter, such as that shown in Fig. 2, which is formed of a C (cyan), a Y (yellow), and a G (green)
band pass filters can be used instead of the RGB filter formed of the R, G, B band pass filters.
[0042] The illuminating unit 110 comprises: a white light source 111, which is a halogen lamp or the like, for emitting
white light L1 (including a reference light L5 formed of near-infrared light) for obtaining standard images and IR reflectance
images; a white light power source 112 which is electrically connected to the white light source 111; a white light
condensing lens 113 for focusing the white light L1 emitted from the white light source 111; a GaN semiconductor laser
114 for emitting excitation light L2 for obtaining fluorescence images; an excitation light power source 115 which is
electrically connected to the GaN semiconductor laser 114; and an excitation light condensing lens 116 for focusing the
excitation light L2 emitted from the GaN semiconductor laser 114. Note that a reference light source that emits the
reference light L5 can be provided separate from the white light source.
[0043] The image obtaining unit 120 comprises: a collimator lens 128 that guides the fluorescence L3 conveyed thereto
via the image fiber 103; an excitation light cutoff filter 121 that cuts off light having a wavelength less than or equal to
the 420 nm wavelength of the excitation light L2 from the fluorescence L3; a switching filter 122, in which three types of
optical transmitting filters are combined; a filter rotating apparatus 124, which is a motor or the like, for rotating the
switching filter 122; a condensing lens 129 for focusing the fluorescence L3 and the reflected light L6 transmitted by the
switching filter 122; a CCD imaging element 125 for obtaining the fluorescence image and the IR reflectance image
represented by the fluorescence L3 and the reflected light L6, respectively, focused by the condensing lens 129; and
an A/D conversion circuit 126 for digitizing the image signals obtained by the CCD imaging element 125 to obtain two
types of fluorescence image data K1, K2, and an IR reflectance image data F1.
[0044] The configuration of the switching filter 122 is shown in Fig. 3. As shown in Fig. 3, the switching filter 122
comprises: an optical filter 123a, which is a band pass filter, that transmits light of a wavelength in the 430-730 wavelength
band; an optical filter 123b, which is a band pass filter, that transmits light of a wavelength of 480 nm �50nm; an optical
filter 123c, which is a band pass filter, that transmits light of a wavelength in the 750-900 wavelength band. The optical
filter 123a is an optical filter for obtaining a wide band fluorescence image; the optical filter 123b is an optical filter for
obtaining a narrow band fluorescence image, and the optical filter 123c is an optical filter for obtaining an IR reflectance
image. The switching filter 122 is controlled by the controller 160 via the filter rotating apparatus 124 so that the optical
filter 123c is disposed along the optical path when the target subject 10 is being irradiated by the white light L1; and the
optical filters 123a and 123b are alternately disposed along the optical path when the target subject 10 is being irradiated
by the excitation light L2.
[0045] The fluorescence diagnostic image forming means 130 comprises: an image memory 131 for storing the two
types of fluorescence image data K1, K2, and the IR reflectance image data F1 obtained by the A/D conversion circuit
126; a luminosity image computing portion 132, in which a look up table correlating the range of each pixel value of the
IR reflectance image represented by the IR reflectance image data F1 to a luminosity in a Munsel display color system
is stored, for referring to said look up table and obtaining a luminosity image data V from the IR reflectance image data
F1; a hue computing portion 133, in which a look up table correlating the range of the factor between the two types of
fluorescence images represented by the fluorescence image data K1, K2, to a hue in the hue circle of a Munsel display
color system is stored, for referring to said look up table and forming a hue image data H from the factor between said
fluorescence images; an image synthesizing portion 134 for combining the hue image data H and the luminosity image



EP 1 535 569 B1

8

5

10

15

20

25

30

35

40

45

50

55

data V to form a fluorescence diagnostic image data KO representing a fluorescence diagnostic image; and an exceptional
display processing portion 135 for subjecting the obstructing portions of the fluorescence diagnostic image to an excep-
tional display process to obtain a processed fluorescence diagnostic data KP.
[0046] The image memory 131 comprises a narrow band fluorescence image data storage region, a wide band fluo-
rescence image data storage region, and an IR reflectance image data storage region, which are not shown in the
drawing, wherein: the narrow band fluorescence image data K1 representing the narrow band fluorescence image
obtained in the state wherein the excitation light L2 is being emitted and the narrow band fluorescence image optical
filter 123a is disposed along the optical path of the fluorescence L3 conveyed by the image fiber 103 is recorded in the
narrow band fluorescence image storage region; and the wide band fluorescence image data K2 representing the wide
band fluorescence image obtained in the state wherein the excitation light L2 is being emitted and the wide band
fluorescence image optical filter 123b is disposed along the optical path of the fluorescence L3 conveyed by the image
fiber 103 is recorded in the wide band fluorescence image storage region. Further, the IR reflectance image data K1
representing the IR reflectance image obtained in the state wherein the reference light L5, that is the white light L1, is
being emitted and the IR reflectance image optical filter 123c is disposed along the optical path of the reflected light L6,
that is, the reflected light L4 conveyed by the image fiber 103, is recorded in the IR reflectance image storage region.
[0047] The exceptional display processing portion 135 performs an exceptional display process on the obstructing
regions of the fluorescence diagnostic image represented by the fluorescence diagnostic image data K0. The exceptional
display process is a process that causes the obstructing regions of the fluorescence diagnostic image to be displayed
in a different form with respect to the other regions of the fluorescence diagnostic image. More specifically, the pixel
values corresponding to the obstructing regions are converted to a color not appearing in any of the other regions of the
fluorescence diagnostic image. For example, the pixels values of the obstructing regions can be converted to a blue
color for a case in which the color change of the normal tissue and the diseased tissue of the target subject 10 range
from green through yellow to red. Note that the color of the obstructing regions can be caused to be the same color as
the background color, or the obstructing regions can be caused to be transparent. Alternatively, the images of the regions
other than the obstructing regions included in the fluorescence diagnostic image can be caused to be transparent.
Further, according to the current embodiment, because the fluorescence diagnostic image is a chromatic color image,
the obstructing regions can also be caused to be non-chromatic in color. Note that for cases in which the fluorescence
diagnostic image is a non-chromatic image, the obstructing regions can be cased to be chromatic.
[0048] Still further, the pixels within the obstructing regions can be displayed as gradation values. More specifically,
the average color value Cave obtained of the target subject 10 and the standard deviation Cstd can be computed in
advance, and the Mahalanobis distance Cm for the pixel value Cxy of each pixel of the obstructing regions can be
obtained according to the following formula (1): 

[0049] The Mahalanobis distance Cm obtained by the formula (1) increases as the possibility of an obstructing region
being of a color other than the average color of the target subject 10 becomes higher. Accordingly, by assigning a
gradation value to the value of the Mahalanobis distance Cm, the obstructing region can be displayed as a gradation
image corresponding to the magnitude of the possibility that said obstructing region represents an obstructing factor.
Note that instead of the gradation display, it is possible to set and display the obstructing regions at the contour lines
corresponding to the Mahalanobis distance Cm.
[0050] Further, for cases in which the portions regarded to be diseased tissue are indicated by an arrow mark, in the
case of this type of display, a process whereby arrow marks are not assigned to obstructing regions is included in the
exceptional display processes.
[0051] Note that the fluorescence diagnostic image forming unit 130 can be a unit for forming a processed fluorescence
diagnostic image data KP based on the factor obtained between the corresponding pixel values of the fluorescence
diagnostic images represented by the fluorescence diagnostic image data K1, K2, or based on the factor obtained by
the performance of a division calculation between the pixel values of either of the fluorescence images and the pixel
values of the IR reflectance image. Further, color data can be assigned to the factor obtained between the two fluorescence
images or between one of the fluorescence images and the IR reflectance image, and the fluorescence diagnostic image
data KP can be formed so as to represent the diseased state of the target subject 10 by the differences in color.
[0052] Further, for cases in which the IR reflectance image data F1 is used to form the fluorescence diagnostic image
data K0, the R color data included in the standard image data N or the brightness data computed from the standard
image data N can be used instead of the IR reflectance image data F1. Still further, for cases in which light of each of
the colors R, G, and B is projected onto the target subject 10 and a standard image is obtained of the reflected light
reflected from the target subject 10 thereupon, as described below, the color data based on the reflected red light can
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be used instead of the IR reflectance image data F1.
[0053] The image processing unit 140 comprises a signal processing circuit 141 for forming an analog standard image
signal of the standard image, which is a color image, represented by the signal obtained by the CCD imaging element
107; an A/D converting circuit 142 for digitizing the standard image data formed in the signal processing circuit 141 to
obtain a digital standard image data N; a standard image memory 143 for storing the standard image data N; and a
video signal processing circuit 144 for converting the standard image data N outputted from the standard image memory
143 and the processed fluorescence diagnostic image data KP formed in the fluorescence diagnostic image forming
unit 130 to video signals.
[0054] The obstructing regions detecting unit 150 is means that detects, based on the color data of the standard image
represented by a standard image data N, obstructing regions representing regions in which an obstructing factor, such
as blood, mucus, digestive fluids, saliva, foam, residue and/or the like is present on the target subject 10. Here, the color
data can be that of, for example: the hue, saturation, and/or chromaticity (hue and saturation) of development color
systems (HSB/HVC/Lab/Luv/La*b*/Lu*v* color spaces) or a mixed color system (an X,Y,Z color space); the color differ-
ences of a visible image signal representative of a TV signal (e.g., the IQ of the YIQ of an NTSC signal, the CbCr of an
YCbCr, etc.); the combination ratio of a color signal (R, G, B or C, M, Y, G), etc.
[0055] More specifically, for the case in which the hue data is used as the color data, the standard image is of a specific
hue range for cases in which the target subject 10 is a normal tissue and for cases in which the target subject 10 is a
diseased tissue, respectively. On the other hand, for cases in which obstructing regions are present in the standard
image, the hue of the obstructing factors is a hue other than that of either a normal tissue or a diseased tissue. Accordingly,
the hue of each pixel of a standard image based on a standard image data N is computed, and a determination is made
as to whether or not the hue of each pixel is the outside of a predetermined specific range; regions formed of pixels
having a hue outside the predetermined specific range are detected as obstructing regions.
[0056] Further, for the case in which the chromaticity is used as the color data, the standard image is of a specific
chromaticity range on the chromaticity chart for cases in which the target subject 10 is a normal tissue and for cases in
which the target subject 10 is a diseased tissue, respectively. On the other hand, for cases in which obstructing regions
are present in the standard image, the chromaticity of the obstructing factors is a chromaticity other than that of a normal
tissue or a diseased tissue. Accordingly, the chromaticity of each pixel of a standard image based on a standard image
data N is computed, and a determination is made as to whether or not the chromaticity of each pixel is the outside of a
predetermined specific range; regions formed of pixels having a chromaticity outside the predetermined specific range
are detected as obstructing regions.
[0057] Note that because the standard image data N is data formed of the data of each color R, G, B (or C, Y, G); the
hue and chromaticity can be easily obtained if each color data is used. On the other hand, for the case in which the
obstructing regions are detected based on the difference in color, the color difference signal can be computed from each
color data R, G, B (or C, Y, G). However, according to the video signal processing circuit 144 according to the current
embodiment, the standard image data N is converted to a video signal formed of brightness signals and color difference
signals. Accordingly, if the color difference is to be used as the color data, the color difference obtained by the conversion
of the standard image data N to a video signal by the video signal processing circuit 144 is used thereas; by the detection
of the obstructing pixels by the obstructing region detecting unit 150, the step wherein the color difference is computed
by the obstructing regions detecting unit 150 can be omitted.
[0058] Next, the operation of the first embodiment will be explained. First, the operation occurring when a standard
image is to be obtained and displayed will be explained, followed by an explanation of the operations occurring when a
reflectance image and a fluorescence image are to be obtained, and then an explanation of the operations occurring
when the obstructing regions are detected, the fluorescence diagnostic image is synthesized, and the processed fluo-
rescence diagnostic image is displayed will be explained.
[0059] According to the first embodiment of the present invention, the obtainment of a standard image, an IR reflectance
image, and a fluorescence image are performed alternately in a temporal series. When the standard image and the IR
reflectance image are to be obtained, the white light source power source 112 is activated, based on a signal from the
controller 160, and white light L1 is emitted from the white light source 111. The white light L1 is transmitted by the white
light condensing lens 113 and enters the white light guide 101a, and after being guided to the distal end of the endoscope
insertion portion 100, is projected onto the target subject 10 from the illuminating lens 104.
[0060] The reflected light L4 of the white light L1 is focused by the objective lens 105, reflected by the prism 108,
transmitted by the RGB filter 109, and focused on the CCD imaging element 107.
[0061] The signal processing circuit 141 forms an analog standard image signal, which represents a color image, from
the reflected light L4 imaged by the CCD imaging element 107. The analog standard image signal is inputted to the A/D
converting circuit 142, and after being digitized therein, is stored in the standard image memory 143. The standard image
data N stored in the standard image memory 143 is converted to a video signal by the video signal converting circuit
144, and then input to the monitor 170 and displayed thereon as a visible image. The series of operations described
above are controlled by the controller 160.
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[0062] Meanwhile, at the same time, the reflected light L4 of the white light L1 (including the reflected light L6 of the
reference light L5) is focused by the condensing lens 106, enters the distal end of the image fiber 103, passes through
the image fiber 103 and is focused by the collimator lens 128, and is transmitted by the excitation light cutoff filter 121
and the optical filter 123c of the switching filter 122.
[0063] Because the optical filter 123c is a band pass filter that only transmits light of a wavelength in the 750-900 nm
wavelength band, only the reflected light L6 of the reference light L5 is transmitted by the optical filter 123c.
[0064] The reflected light L6 transmitted by the optical filter 123c is received by the CCD imaging element 125. The
analog IR reflectance image data obtained by the photoelectric conversion performed by the CCD imaging element 125
is digitized by the A/D converting circuit 126, and then stored as an IR reflectance image data F1 in the IR reflectance
image region of the image memory 131 of the fluorescence image forming unit 130.
[0065] Next, the operation occurring when the fluorescence image is to be obtained will be explained. The excitation
light source power source 115 is activated, based on a signal from the controller 160, and a 410 nm wavelength excitation
light L2 is emitted from the GaN type semiconductor laser 114. The excitation light L2 is transmitted by the excitation
light condensing lens 116 and enters the excitation light guide 101b, and after being guided to the distal end of the
endoscope insertion portion 100, is projected onto the target subject 10 from the illuminating lens 104.
[0066] The fluorescence L3 emitted from the target subject 10 upon the irradiation thereof by the excitation light L2 is
focused by the condensing lens 106, enters the distal end of the image fiber 103, passes through the image fiber 103
and is focused by the collimator lens 128, and is transmitted by the excitation light cutoff filter 121 and the optical filters
123a and 123b of the switching filter 122.
[0067] Because the optical filter 123a is a band pass filter that only transmits light of a wavelength in the 430-730 nm
wavelength band, the fluorescence L3 transmitted by the optical filter 123a represents a wide band fluorescence image.
Because the optical filter 123b is a band pass filter that only transmits light of a wavelength of 480 �50 nm, the fluorescence
L3 transmitted by the optical filter 123b represents a narrow band fluorescence image.
[0068] The fluorescence L3 representing the narrow band fluorescence image and the wide band fluorescence image
is received by the CCD imaging element 125, photoelectrically converted thereby, digitized by the A/D converting circuit
126, and then stored as a wide band fluorescence image data K1 in the wide band fluorescence image region and a
narrow band fluorescence image data K2 the narrow band fluorescence image region of the image memory 131 of the
fluorescence image forming unit 130.
[0069] Hereinafter the operation occurring when a processed fluorescence diagnostic image data KP is to be formed
by the fluorescence diagnostic image forming unit 130 will be explained. First, the luminosity image computing portion
132 determines, utilizing the signal charge and a look up table, a luminosity occurring in a Munsel display color system
for each pixel value of the IR reflectance image represented by the IR reflectance image data F1 to obtain a luminosity
image data V, and outputs said luminosity image data V to the image synthesizing means 134.
[0070] The hue computing portion 133 of the fluorescence diagnostic image forming unit 130 divides the pixel value
of each pixel of the narrow band fluorescence image represented by the narrow band fluorescence image data K2 by
the pixel value of each corresponding pixel of the wide band fluorescence image represented by the in the wide band
fluorescence image data K1 stored in the image memory 131 to obtain the respective factors thereof, and obtains,
utilizing said factors and a prerecorded lookup table, a hue occurring in a Munsel display color system to obtain a hue
image data H, and outputs the hue image data H to the image synthesizing portion 134.
[0071] The image synthesizing portion 134 synthesizes the hue image data H and the luminosity image data V to form
a fluorescence diagnostic image K0 representing a fluorescence diagnostic image. Note that for cases in which the
image is to be displayed in color, the image is displayed as a three color image; because the hue, luminosity, and
saturation are required, when the image is synthesized, the largest values of the hue and the luminosity are obtained
as the saturation S occurring in a Munsel display color system. Note that the fluorescence diagnostic image data K0 is
subjected to an RGB conversion process, and becomes an image representing each of color R, G, and B.
[0072] Meanwhile, the obstructing regions detecting unit 150 detects, based on the color data of the standard image
represented by the standard image data N, the regions of the target subject 10 on which an obstructing factor is present.
Then, the exceptional display process unit 135 of the fluorescence diagnostic image forming unit 130 subjects the
obstructing regions of the fluorescence diagnostic image represented by the fluorescence diagnostic image data K0 to
an exceptional display process to obtain a processed fluorescence diagnostic image data KP.
[0073] Hereinafter, the operations occurring from the detection of the obstructing regions to the performance of the
exceptional display process will be explained utilizing the flowchart of Fig. 4. Fig. 4 is a flowchart of the operations
occurring from the detection of the obstructing regions to the performance of the exceptional display process. First, the
color data of each pixel of the standard image is computed by the obstructing regions detecting unit 150 (step S1), and
then, a determination is made as to whether or not the color data obtained of each pixel of the standard image is outside
a predetermined range (step S2). If the result of the determination made in step S2 is a negative, because the pixel of
which a negative result is obtained is not a pixel representing an obstructing region, the corresponding pixel thereto of
the fluorescence diagnostic image is subjected to no process whatsoever (step S3). If the result of the determination
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made in step S2 is a positive, the pixel of which a positive result is obtained is recognized as a pixel representing an
obstructing region, and the corresponding pixel thereto of the fluorescence diagnostic image represented by the fluo-
rescence diagnostic image data K0 is subjected to the exceptional display process by the exceptional display process
portion 135 of the fluorescence diagnostic image forming unit 130 to obtain a processed fluorescence diagnostic image
data KP (step S4).
[0074] The processed fluorescence diagnostic image data KP is outputted to the video signal processing circuit 144
of the image processing unit 140. The processed fluorescence diagnostic image data KP which has been converted to
a video signal by the video signal processing circuit 144 is inputted to the mon.itor 180 and displayed thereon as a visible
image. The obstructing regions of the processed fluorescence diagnostic image displayed on the monitor 180 have been
subjected to the exceptional display process.
[0075] In this manner, the according to the current embodiment, because the obstructing regions within the fluorescence
diagnostic image have been detected, by displaying on the monitor 180 the processed fluorescence diagnostic image
obtained by subjecting the detected obstructing regions therein to an exceptional display process, the obstructing regions
included in the fluorescence diagnostic image can be recognized in at a glance. Accordingly, an accurate diagnosis can
be performed utilizing the fluorescence diagnostic image with no fear that obstructing regions will be diagnosed to be
diseased tissue.
[0076] Further, if the exceptional display process consists of subjecting the images other than the obstructing regions
occurring in the fluorescence diagnostic image to a process whereby said other regions are rendered transparent to
obtain a processed fluorescence diagnostic image, and said obtained processed fluorescence diagnostic image is
superposed over the standard image and displayed on the monitor 180, by observing said displayed standard image,
the obstructing regions included therein can be recognized as such at a glance. Accordingly, the fear that a tissue in a
diseased state appearing within an obstructing region will be overlooked is eliminated, and the accuracy with which the
diagnosis can be performed using the fluorescence diagnostic image is improved a level.
[0077] Still further, if a configuration is adopted wherein the exceptional display process is capable of being selected,
by use of an external switch or the like, from a plurality of exceptional display processes, the operational ease and
versatility of the present apparatus can be improved a level. In when a standard diagnosis, for example, is to be performed,
by displaying a fluorescence diagnostic image in which the obstructing regions included therein are of achromatic color,
and the other portions thereof are of chromatic color, the misdiagnosis of obstructing regions as diseased tissue is
prevented; on the other hand, by subjecting the images other than the obstructing regions occurring in the fluorescence
diagnostic image to a process whereby said other regions are rendered transparent to obtain a processed fluorescence
diagnostic image, and superposing said obtained processed fluorescence diagnostic image over the standard image
immediately prior to concluding the diagnosis, the overlooking of diseased tissue included within the obstructing regions
can be prevented.
[0078] Further, because the color of the obstructing regions differs from the color of the other regions, by detecting
the obstructing regions based on the color data of the standard image, the obstructing regions can be detected accurately.
[0079] Next, the second embodiment of the present invention will be explained. Fig. 5 is a schematic drawing of the
main part of a fluorescence endoscope apparatus implementing the fluorescence image obtaining apparatus according
to the second embodiment of the present invention. Note that elements of the second embodiment that are the same
as those of the first embodiment are likewise labeled, and further explanation thereof omitted. As shown in Fig. 5, the
fluorescence endoscope apparatus according to the second embodiment of the present invention differs from that of
the first embodiment in that instead of the obstructing regions detecting unit 150, which detects the obstructing regions
based on the color data of the standard image, an obstructing regions detecting unit 151, which detects the obstructing
regions based on the fluorescence intensity and the factor, that is the ratio between the pixel values of the corresponding
pixels of two fluorescence images represented by two fluorescence image data K1, K2, respectively, is provided.
[0080] Here, the factor (hereinafter referred to as the computed fluorescence value) of the corresponding pixel values
between the fluorescence images represented by the fluorescence image data K1 and K2 for an obstructing region is
smaller than the value obtained of normal tissue and is close to the value obtained of a diseased tissue. On the other
hand, the fluorescence intensity of an obstructing region is close to that of a normal tissue. Accordingly, the obstructing
regions detecting.unit 151 obtains the computed fluorescence value from the fluorescence image data K1 and K2, and
makes a determination as to whether or not the obtained computed fluorescence value is less than or equal to a
predetermined threshold value Th1. Next, a determination is made with respect to only the pixels of which the pixel value
thereof has been determined to be less than or equal to the threshold value Th1, as to whether or not the fluorescence
intensity thereof, that is, the fluorescence intensity of the pixel values of the fluorescence image represented by the
fluorescence image data K1 or K2 is greater than or equal to a second threshold value Th2; the pixels of which the
fluorescence intensity is determined to be greater than or equal to the threshold value Th2 are detected as obstructing
regions. Note that instead of obtaining the computed fluorescence value itself, the obstructing regions detecting unit 151
can utilize the factor obtained of the corresponding pixels between the fluorescence images by the hue computing means
133 of the fluorescence diagnostic image forming means 130.
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[0081] Next, the operation of the second embodiment will be explained. The operations occurring when the standard
image is to be obtained, the standard image is to be displayed, the IR reflectance image is to be obtained, the fluorescence
images are to be obtained, and the fluorescence diagnostic image is to be synthesized are the same as those occurring
in the first embodiment; therefore, further explanation thereof is omitted. The operations occurring when the obstructing
regions are to be detected and the processed fluorescence diagnostic image is to be displayed will be explained.
[0082] Fig. 6 is a flowchart of the operations from the detection of the obstructing regions to the performance of the
exceptional display process according to the second embodiment. As shown in Fig. 6: first, the ratio between the
fluorescence images represented by the fluorescence image data K1 and K2, that is, the computed fluorescence value
therebetween, is obtained by the obstructing regions detecting unit 151 (step S11); then, a determination as to whether
or not the computed fluorescence value of each pixel of the fluorescence images is less than or equal to the threshold
value Th1 (step S12). If the result of the determination made in step S12 is a negative, because the pixel of which a
negative result is obtained is not a pixel representing an obstructing region, the corresponding pixel thereto of the
fluorescence diagnostic image is subjected to no process whatsoever (step S13). If the result of the determination made
in step S12 is a positive, because the possibility is high that the pixel of which a positive result is obtained is a pixel
representing an obstructing region, a determination is made as to whether or not the fluorescence intensity thereof is
greater than or equal to the threshold value Th2 (step S14). If the result of the determination made in step S14 is a
negative, because the pixel of which a negative result is obtained is not a pixel representing an obstructing region, the
corresponding pixel thereto of the fluorescence diagnostic image is subjected to no process whatsoever (step S13). If
the result of the determination made in step S14 is a positive, the pixel of the fluorescence image represented by the
respective fluorescence image data K1 or K2 is detected as an obstructing region, and the corresponding fluorescence
diagnostic image data K0 is subjected to the exceptional display process by the exceptional display process portion 135
of the fluorescence diagnostic image forming unit 130 to obtain a processed fluorescence diagnostic image data KP
(step S15).
[0083] The processed fluorescence diagnostic image data KP is outputted to the video signal processing circuit 144
of the image processing unit 140, and displayed on the monitor 180 as a visible image in the state in which the obstructing
regions of the processed fluorescence diagnostic image have been subjected to the exceptional display process, in the
same manner as occurred in the first embodiment.
[0084] Note that according to the second embodiment, although the determination performed in step 14 as to whether
or not the pixel value is greater than or equal to the threshold value Th2 is performed only on the pixels of which the
computed fluorescence value has been determined to be less than or equal to the threshold value Th1 is the step S12,
the determination of step S14 can be performed first, and the computed fluorescence value obtained and the process
of step S11 and the determination of S12 performed only for pixels that have returned a positive result in step S14.
Further, the process of step S11, the determination of step S12, and the determination of step S14 can be performed
in a series for all pixels, and the pixels of which the computed fluorescence value is less than or equal to the threshold
value Th1 and which also have a pixel value greater than or equal to the threshold value Th2 detected as obstructing
regions.
[0085] Further, according to the second embodiment, for cases in which the pixels within the obstructing regions are
to be displayed with a display gradation: first, the average value FL ave of the fluorescence intensity obtained of the
target subject 10 and the standard deviation FL std are computed in advance, and the Mahalanobis distance Fm of each
pixel value FL xy included in the obstructing regions is obtained according to the formula (2) below. 

[0086] The length of the Mahalanobis distance Fm obtained by use of the formula (2) becomes longer in proportion
to an increase in the possibility that the fluorescence intensity is that of an obstructing region, which deviates from the
average fluorescence intensity of the target subject 10. Accordingly, by assigning a gradation to the value of the Maha-
lanobis distance Fm, the obstructing regions can be displayed with a display gradation corresponding to the increase
in the possibility that the obstructing region represents an obstructing factor. Note that instead of employing the display
gradation, a contour line can be set in the obstructing regions in correspondence to the length of the Mahalanobis
distance Fm, and displayed as a contour display.
[0087] Further, according to the second embodiment described above, the obtainment of a standard image, an IR
reflectance image, and fluorescence images is performed, however, as shown in Fig. 7, even if the fluorescence endo-
scope apparatus comprises only: an endoscope insertion portion 100’ provided with only a light guide 101, an image
fiber 103, an illuminating lens 104, and a condensing lens 106; an illuminating unit 110’ provided with only a GaN type
semiconductor laser 114, an excitation light power source 115, and an excitation light condensing lens 116; an image
obtaining unit 120’ provided with a switching filter 122’, which has only an optical filters 123a and 123b, instead of the
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switching filter 122; a fluorescence diagnostic image forming means 130’ formed only of an image memory 131, a
computed fluorescence value obtaining portion 137, and an exceptional display process portion 135 for subjecting the
obstructing portions of the computed image represented by the computed fluorescence values to obtain a processed
fluorescence image data KP; an image process portion 140’ formed provided with only a video processing circuit 144;
a controller 160; and a monitor 180 for displaying the fluorescence diagnostic image; wherein, only fluorescence images
are obtained and the computed fluorescence values thereof obtained, and said computed fluorescence values displayed
as fluorescence diagnostic images, the obstructing regions can be subjected to the exceptional display process and
displayed in the same manner as in the second embodiment.
[0088] Next, the third embodiment of the present invention will be explained. Fig. 8 is a schematic drawing of the main
part of a fluorescence endoscope apparatus implementing the fluorescence image obtaining apparatus according to the
third embodiment of the present invention. Note that elements of the third embodiment that are the same as those of
the first embodiment are likewise labeled, and further explanation thereof omitted. As shown in Fig. 8, the fluorescence
endoscope apparatus according to the third embodiment of the present invention differs from that of the first embodiment
in that instead of the obstructing regions detecting unit 150, which detects the obstructing regions based on the color
data of the standard image, an obstructing regions detecting unit 152, which detects the obstructing regions based on
the color data of the standard image and the fluorescence intensity, is provided.
[0089] Here, the color of an obstructing region is different from that of either that the normal or the diseased tissue.
Further, the fluorescence intensity (i.e., the pixel values) of an obstructing region is close to that of normal tissue.
Accordingly, the obstructing regions detecting unit 152 determines whether or not the color data of the standard image
is outside a predetermined range, and then determines whether or not the pixel values of the fluorescence image
corresponding to the pixels of which the color data is outside the predetermined range are greater than or equal to a
predetermined threshold value Th3; the regions formed from the pixel values determined to be greater than or equal to
the threshold value Th3 are detected as obstructing regions.
[0090] Next, the operation of the third embodiment will be explained. The operations occurring when the standard
image is to be obtained, the standard image is to be displayed, the reflectance image is to be obtained, the fluorescence
images are to be obtained, and the fluorescence diagnostic image is to be synthesized are the same as those occurring
in the first embodiment; therefore, further explanation thereof is omitted. The operations occurring when the obstructing
regions are to be detected and the processed fluorescence diagnostic image is to be displayed will be explained.
[0091] Fig. 9 is a flowchart of the operations from the detection of the obstructing regions to the performance of the
exceptional display process according to the third embodiment. As shown in Fig. 9: first, the color data of each pixel of
the standard image is computed (step S21); then, a determination as to whether or not the color data of each pixel of
the standard image is outside the predetermined range (step S22). If the result of the determination made in step S22
is a negative, because the pixel of which a negative result is obtained is not a pixel representing an obstructing region,
no process whatsoever is performed thereon (step S23). If the result of the determination made in step S22 is a positive,
because the possibility is high that the pixel of which a positive result is obtained represents an obstructing region, a
determination is made as to whether or not the pixel value of the corresponding pixel of the fluorescence image is greater
than or equal to the threshold value Th3 (step S24). If the result of the determination made in step S24 is a negative,
because the pixel of which a negative result is obtained is not a pixel representing an obstructing region, no process
whatsoever is performed thereon (step S23). If the result of the determination made in step S24 is a positive, the pixel
of which the positive result was returned is recognized as representing an obstructing region, and the corresponding
fluorescence diagnostic image data K0 is subjected to the exceptional display process by the exceptional display process
portion 135 to obtain a processed fluorescence diagnostic image data KP (step S35).
[0092] The processed fluorescence diagnostic image data KP is outputted to the video signal processing circuit 144
of the image processing unit 140, and displayed on the monitor 180 as a visible image in the state in which the obstructing
regions of the processed fluorescence diagnostic image have been subjected to the exceptional display process, in the
same manner as occurred in the first embodiment.
[0093] Note that according to the third embodiment, although the determination performed in step 24 as to whether
or not the pixel value of the fluorescence image is greater than or equal to the threshold value Th3 is performed only on
the pixels of which the color data has been determined to be outside the predetermined range in the step S22, the
determination of step S24 can be performed first, and the color data obtained and the determination of S22 performed
only for pixels that have returned a positive result in step S24. Further, the determination of step S22 and the determination
of step S24 can be performed in a series for all pixels, and the pixels of the standard image of which the color data is
outside the predetermined range and the corresponding pixels in the fluorescence image which also have a pixel value
greater than or equal to the threshold value Th3 can be detected as obstructing regions.
[0094] Note that according to the third embodiment, for cases in which the pixels within the obstructing regions are to
be displayed with a display gradation or as a contour line: first, using formula (1) or formula (2), the Mahalanobis distances
Cm and Fm are obtained, and a display gradation can be assigned thereto or a contour line set therefor. Further, as
shown in the formula (3) below, the Mahalanobis distances Cm and Fm can be subjected to a weighted addition process
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to obtain a total distance Gm, and a display gradation can be assigned to the total distance Gm, or a contour line set
corresponding to the total distance Gm: 

where α and β are weighing coefficients.
[0095] Next, the fourth embodiment of the present invention will be explained. The fluorescent endoscope according
to the fourth embodiment differs from the fluorescence endoscope apparatus according to the third embodiment shown
in Fig. 8, in that instead of the obstructing regions detecting unit 152, an obstructing regions detecting unit 153, which
detects the obstructing regions based on the color data of the standard image and the ratio, that is the factor obtained
between the corresponding pixels of the fluorescence images represented by two fluorescence image data K1, K2, is
provided.
[0096] Here, the color of an obstructing region is different from that of either that the normal or the diseased tissue.
Further, the factor (hereinafter referred to as the computed fluorescence value) obtained between the corresponding
pixels of the fluorescence images represented by the fluorescence image data K1, K2 for an obstructing region is smaller
than the value obtained of normal tissue and is close to that obtained of a diseased tissue. Accordingly, the obstructing
regions detecting unit 153 determines whether or not the color data of the standard image is outside a predetermined
range, then obtains the computed fluorescence value from the fluorescence image data K1 and K2 only for the pixels
of the fluorescence image corresponding to the pixels that have been determined to be outside the predetermined color
range, and makes a determination as to whether or not the obtained computed fluorescence values are less than or
equal to a predetermined threshold value Th4; the pixels of which the computed fluorescence value has been found to
be less than or equal to the threshold value Th4 are detected as obstructing regions. Note that instead of obtaining the
computed fluorescence value itself, the obstructing regions detecting unit 153 can utilize the factor obtained of the
corresponding pixels between the fluorescence images by the hue computing means 133 of the fluorescence diagnostic
image forming means 130.
[0097] Next, the operation of the fourth embodiment will be explained. The operations occurring when the standard
image is to be obtained, the standard image is to be displayed, the IR reflectance image is to be obtained, the fluorescence
images are to be obtained, and the fluorescence diagnostic image is to be synthesized are the same as those occurring
in the first embodiment; therefore, further explanation thereof is omitted. The operations occurring when the obstructing
regions are to be detected and the processed fluorescence diagnostic image is to be displayed will be explained.
[0098] Fig. 10 is a flowchart of the operations from the detection of the obstructing regions to the performance of the
exceptional display process according to the fourth embodiment. As shown in Fig. 10: first, the color data of each pixel
of the standard image is computed (step S1); then, a determination is made as to whether or not the color data of each
pixel of the standard image is outside the predetermined range (step S2). If the result of the determination made in step
S2 is a negative, because the pixel of which a negative result is obtained is not a pixel representing an obstructing region,
no process whatsoever is performed thereon (step S3). If the result of the determination made in step S2 is a positive,
because the possibility is high that the pixel of which a positive result is obtained represents an obstructing region, the
factor between the fluorescence images represented by the fluorescence image data K1 and K2, that is, the computed
fluorescence value therebetween, is obtained only for the pixels corresponding to the pixels of the standard image which
are outside the predetermined color range (step S11). Then, a determination as to whether or not the computed fluo-
rescence value of each pixel of the fluorescence images is less than or equal to the threshold value Th4 (step S12). If
the result of the determination made in step S12 is a negative, because the pixel of which a negative result is obtained
is not a pixel representing an obstructing region, no process whatsoever is performed thereon (step S3). If the result of
the determination made in step S12 is a positive, the pixel of which the positive result has been returned is recognized
as representing an obstructing region, and the fluorescence diagnostic image data K0 corresponding thereto is subjected
to the exceptional display process by the exceptional display process portion 135 of the fluorescence diagnostic image
forming unit 130 to obtain a processed fluorescence diagnostic image data KP (step S4).
[0099] The processed fluorescence diagnostic image data KP is outputted to the video signal processing circuit 144
of the image processing unit 140, and displayed on the monitor 180 as a visible image in the state in which the obstructing
regions of the processed fluorescence diagnostic image have been subjected to the exceptional display process, in the
same manner as occurred in the first embodiment.
[0100] Note that according to the fourth embodiment, although obtainment of the computed fluorescence value in step
S11 and the determination performed in step 12 as to whether or not the computed fluorescence value is less than or
equal to the threshold value Th4 is performed only on the pixels of which the color data has been determined to be
outside the predetermined range in the step S2, the determination of step S11 and the process of step S11 can be
performed first, and the color data obtained and the determination of S2 performed only for pixels that have returned a
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positive result in step S12. Further, the determination of step S2, the determination of step S11, and the determination
of step S12 can be performed in a series for all pixels, and the pixels of the standard image of which the color data is
outside the predetermined range and the pixels corresponding thereto in the fluorescence image which also have a
computed fluorescence value less than or equal to the threshold value Th4 can be detected as obstructing regions.
[0101] Next, the fifth embodiment of the present invention will be explained. The fluorescent endoscope according to
the fifth embodiment differs from the fluorescence endoscope apparatus according to the third embodiment shown in
Fig. 8, in that instead of the obstructing regions detecting unit 152, an obstructing regions detecting unit 154, which
detects the obstructing regions based on the color data of the standard image, the fluorescence intensity and the ratio,
that is the factor obtained between the corresponding pixels of the fluorescence images represented by two fluorescence
image data K1, K2, is provided.
[0102] Here, the color of an obstructing region is different from that of either that the normal or the diseased tissue.
Further, the fluorescence intensity obtained of an obstructing region is close to that obtained of a normal tissue. Still
further, the factor (hereinafter referred to as the computed fluorescence value) obtained between the corresponding
pixels of the fluorescence images represented by the fluorescence image data K1, K2 for an obstructing region is smaller
than the value obtained of normal tissue and is close to the value obtained of a diseased tissue. Accordingly, the
obstructing regions detecting unit 154 determines whether or not the color data of the standard image is outside a
predetermined range, determines whether or not the pixel values, corresponding to those of which the color data is
outside the predetermined range, of the fluorescence image are greater than the predetermined threshold value Th5,
obtains the computed fluorescence value from the fluorescence image data K1 and K2 only for the pixels having a pixel
value greater than or equal to the threshold value Th5, and determines whether or not the obtained computed fluorescence
values are less than or equal to a predetermined threshold value Th6; the pixels of which the computed fluorescence
value has been found to be less than or equal to the threshold value Th6 are detected as obstructing regions. Note that
instead of obtaining the computed fluorescence value itself, the obstructing regions detecting unit 154 can utilize the
factor obtained of the corresponding pixels between the fluorescence images by the hue computing means 133 of the
fluorescence diagnostic image forming means 130.
[0103] Next, the operation of the fifth embodiment will be explained. The operations occurring when the standard
image is to be obtained, the standard image is to be displayed, the IR reflectance image is to be obtained, the fluorescence
images are to be obtained, and the fluorescence diagnostic image is to be synthesized are the same as those occurring
in the first embodiment; therefore, further explanation thereof is omitted. The operations occurring when the obstructing
regions are to be detected and the processed fluorescence diagnostic image is to be displayed will be explained.
[0104] Fig. 11 is a flowchart of the operations from the detection of the obstructing regions to the performance of the
exceptional display process according to the fifth embodiment. As shown in Fig. 11: first, the color data of each pixel of
the standard image is computed (step S41); then, a determination as to whether or not the color data of each pixel of
the standard image is outside the predetermined range (step S42). If the result of the determination made in step S42
is a negative, because the pixel of which a negative result is obtained is not a pixel representing an obstructing region,
no process whatsoever is performed thereon (step S43). If the result of the determination made in step S42 is a positive,
because the possibility is high that the pixel of which a positive result is obtained represents an obstructing region, a
determination is made as to whether or not the pixels, corresponding to the pixels of the standard image which are
outside the predetermined color range, of the fluorescence images are greater than or equal to the threshold value Th5
(step S44). If the result of the determination made in step S44 is a negative, because the pixel of which a negative result
is obtained is not a pixel representing an obstructing region, no process whatsoever is performed thereon (step S43).
If the result of the determination made in step S44 is a positive, because the possibility is high that the pixel of which a
positive result is obtained is a pixel representing an obstructing region, the factor, that is the computed fluorescence
value between the fluorescence images represented by two fluorescence image data K1, K2 is obtained for only the
pixels of which the pixel value is greater than or equal to the threshold Th5 (step S45). Then, a determination is made
as to whether or not the computed fluorescence values are less than or equal to the threshold value Th6 (step S46) . If
the result of the determination made in step S46 is a negative, because the pixel of which a negative result is obtained
is not a pixel representing an obstructing region, the corresponding pixel thereto of the fluorescence diagnostic image
is subjected to no process whatsoever (step S43). If the result of the determination made in step S46 is a positive, the
pixel of which the positive result has been returned is recognized as an obstructing region, and the corresponding
fluorescence diagnostic image data K0 is subjected to the exceptional display process by the exceptional display process
portion 135 of the fluorescence diagnostic image forming unit 130 to obtain a processed fluorescence diagnostic image
data KP (step S47).
[0105] The processed fluorescence diagnostic image data KP is outputted to the video signal processing circuit 144
of the image processing unit 140, and displayed on the monitor 180 as a visible image in the state in which the obstructing
regions of the processed fluorescence diagnostic image have been subjected to the exceptional display process, in the
same manner as occurred in the first embodiment.
[0106] Note that according to the fifth embodiment, the determination in step S44 as to whether or not the pixel values
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of the fluorescence images are greater than or equal to the threshold value Th5, the obtainment in step 45 of the computed
fluorescence value for only the pixels of a pixel value greater than or equal to the threshold value Th5, and the deter-
mination as to whether or not the computed fluorescence values are less than or equal to the threshold value Th6 is
performed only on the pixels of which the color data has been determined to be outside the predetermined range in the
step S42; however, any of the steps can be performed first. For example, the determination of step S44, the determination
of step S42, the process of S45, and the determination of step S46 can be performed in that order; or alternatively, the
determination of step S44, the obtainment of step S45, the determination of step S46, and the determination of step
S42 can be performed in that order. Further, the process of S45, the determination of step S46, the determination of
step S42, and the determination of step S44 can be performed in that order; alternatively, the obtainment of step S45,
the determination of step S46, the determination of step S44,and the determination of step S42 can be performed in
that order.
[0107] Further, the determination of step S42, the determination of step S44, the obtainment of step S45, and the
determination of step S46 can be performed as a series on all pixels; and the regions formed of the pixels of the standard
image falling outside the predetermined color range, the pixels corresponding thereto of the fluorescence image which
also have a pixel value greater than or equal to the threshold value Th5 and of which the computed fluorescence value
thereof is less than or equal to the threshold value Th6 can be detected as obstructing regions.
[0108] Still further, after the determination of step S42 has been performed, the determination of step S44, followed
by the process of step S45 and the determination of step S46 can be performed as a series; alternatively, after the
determination of step S44 has been performed, the determination of step S42, followed by the process of step S45 and
the determination of step S46 can be performed as a series. Further, after the process of step S45 and the determination
of step S46 have been performed, followed by the determination of step S42 and the determination of step S44 can be
performed as a series.
[0109] Note that according to the first through the fifth embodiments described above: when a determination is made
as to whether or not the color data is outside the predetermined color range; a determination is made as to whether or
not the pixel values of the fluorescence images are greater than or equal to a threshold value and/or as to whether or
not the computed fluorescence value is less than or equal to a threshold value is to be made, the pixels of the standard
image and/or the fluorescence images may be subjected to a thinning process. By thinning the pixels and performing
the determinations in this manner, an increase in processing speed can be expected. Note that after these types of
determinations have been performed, it is preferable that the determinations be performed without pixel thinning only
for the detected obstructing regions.
[0110] Further, according to the first through the fifth embodiments: it is also possible to project in sequence onto the
target subject 10 R light, G light, B light, reference light, and excitation light to obtain a standard image, an IR reflectance
image and fluorescence images. Hereinafter, this will be described as the sixth embodiment. Fig. 12 is a schematic
drawing of the main part of a fluorescence endoscope apparatus implementing the fluorescence image obtaining appa-
ratus according to the sixth embodiment of the present invention. Note that elements of the sixth embodiment that are
the same as those of the first embodiment are likewise labeled, and further explanation thereof omitted. As shown in
Fig. 12, the fluorescence endoscope apparatus according to the third embodiment of the present invention comprises
an endoscope insertion portion 200 and an image signal processing portion 2.
[0111] The endoscope insertion portion 200 is provided with a light guide 201, an image fiber 203, an illuminating lens
204, an objective lens 205, and a condensing lens 206, which are the same as the light guide 101, an image fiber 103,
an illuminating lens 104, an objective lens 105, and a condensing lens 106 configuring the endoscope insertion portion
100 of the first embodiment.
[0112] The image signal processing portion 2 comprises: an illuminating unit 210 for sequentially emitting R light, G
light, B light (hereinafter collectively referred to as illuminating light L1’), a reference light L5, and an excitation light L2;
an image obtaining unit 220 for imaging a standard image, two types of fluorescence images of two different wavelength
bands, and an IR reflectance image, and obtaining a standard image data N, fluorescence image data K1 and K2, and
an IR reflectance image data F1; a fluorescence diagnostic image forming means 130; an image processing unit 240
for subjecting the standard image represented by the standard image data N and the processed fluorescence diagnostic
image represented by the processed fluorescence diagnostic image data KP to the processes required to display said
images as visible images; an obstructing region detecting unit 150 for detecting the obstructing regions; a controller 260;
a monitor 170; and a monitor 180.
[0113] The illuminating unit 210 comprises: a white light source 211, which is a halogen lamp or the like, for emitting
white light; a white light power source 212 which is electrically connected to the white light source 211; a white light
condensing lens 213; a rotating filter 214 for sequentially separating the colors or type of the emitted light into R light,
G light, B light, reference light L5 and excitation light L2; and a motor 215 for rotating the rotating filter 214.
[0114] The configuration of the switching filter is shown in Fig. 13. As shown in Fig. 13, the switching filter 214 comprises
filter elements 214a-214e that transmit: R light, G light, B light; near-infrared (IR) light of a wavelength in the 750-900
wavelength band; and excitation light L2 light of having a wavelength of 410 nm.
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[0115] The image obtaining unit 220 comprises: a collimator lens 228 that guides the reflected light L4 of the R light,
G, light, and B light, the reference light L5 the reflected light L6 and the fluorescence L3 conveyed thereto via the image
fiber 203; an excitation light cutoff filter 221 that cuts off light having a wavelength less than or equal to the 420 nm
wavelength of the excitation light L2 from the reflected light L4, L6, and the fluorescence L3; a condensing lens 229 for
focusing the reflected light L4, L6 and the fluorescence L3; a CCD imaging element 225 for imaging the standard image,
the IR reflectance image, and the fluorescence image represented by the reflected light L4, L6, and the fluorescence
L3 respectively, which have been focused by the condensing lens 229; and an A/D conversion circuit 226 for digitizing
the image signals obtained by the CCD imaging element 225 to obtain a standard image data N, an IR reflectance image
data F1, and two types of fluorescence image data K1, K2; and a standard image memory 224 for recording a standard
image data N.
[0116] Fig. 14 is a drawing of the configuration of the mosaic filter 227. As shown in Fig. 14, the mosaic filter 227
comprises wide band filter element 227a that transmits all light of a wavelength in the 400-900 nm wavelength band,
and narrow band filter elements 227b that transmit light of a wavelength in the 430-530 nm wavelength band, which are
combined alternately to form a mosaic pattern; each of the filter elements 227a and 227b are in a relation of a one-to-
one correspondence with the pixels of the CCD imagining element 225.
[0117] Note that by the rotation of the rotating filter, the R light, the G light and B light, the IR near-infrared light and
the excitation light are repeatedly projected onto the target subject 10. Here, while the R light, G light, B light, and
reference light L5 are being projected onto the target subject 10, only the fluorescence image transmitted by the wide
band filter elements 227a of the mosaic filter 227 is detected by the CCD imaging element 225, and while the excitation
light L2is being projected onto the target subject, the respective fluorescence images passing through the wide band
filter elements 227a and the narrow band filter elements 227b are detected by the CD imaging element 225.
[0118] The image processing unit 240 is provided with a video signal processing circuit 244, which is of the same
configuration as the video signal processing circuit 144 of the first embodiment.
[0119] Next, the operation of the sixth embodiment will be explained. The operations occurring when the obstructing
regions are to be detected and the processed fluorescence diagnostic image is to be displayed are the same as those
occurring in the first embodiment; therefore, further explanation thereof is omitted. The operations occurring when the
standard image is to be obtained, the standard image is to be displayed, and the IR reflectance image and the fluorescence
images are to be obtained will be explained.
[0120] According to the endoscope apparatus of the sixth embodiment of the present invention, the obtainment of a
standard image upon the irradiation of the target subject 10 with a R light, G light, and B light, the obtainment of an IR
reflectance image, and the obtainment of a fluorescence image are performed alternately in a temporal series. Therefore,
by causing the rotating filter 214 of the illuminating unit 210 is to rotate so that the white light emitted from the white light
source 211 is transmitted by the rotating filter 214, the R light, the G light and B light, the IR near-infrared light and the
excitation light are sequentially projected onto the target subject 10.
[0121] First, the operation occurring when a standard image is to be displayed will be explained. First, the R light is
projected onto the target subject 10, and the reflected light L1 of the R light reflected from the target subject 10 is focused
by the condensing lens 206, enters the distal end of the image fiber 203, passes through the image fiber 203 and is
focused by the collimator lens 228, is transmitted by the excitation light cutoff filter 221, is focused by the condensing
lens 229, transmitted by the wide band filter elements 227a of the mosaic filter 227, and is received by the CCD imaging
element 225.
[0122] After the reflected light L4 of the R light received at the CCD imaging element 225 has been photoelectrically
converted therein, and then converted to a digital signal by the A/D converting circuit 226 to obtain an R light image
data, the R light image data is stored in the R light image data region recording region of the standard image memory 224.
[0123] After the passage of a predetermined period of time, the rotating filter 214 is caused to rotate to switch the filter
element disposed along the optical path of the white light emitted from the white light source from the R light filter element
214a to the G light filter element 214b, and the G light image data is obtained according to the same operation described
above. Further, after the passage of a predetermined period of time, the rotating filter 214 is caused to rotate so as to
switch to the B light filter element 214c, and the B light image data is obtained. The G light image data and the B light
image data are stored in the G light image data recording region and the B light image data recording region, respectively,
of the standard image memory 224.
[0124] When the image data for the three colors have been stored in the standard image memory 224, said three
images are synchronized and outputted simultaneously as a standard image data N to the video signal processing circuit
244. The video signal processing circuit 244 converts said inputted signals to video signals and outputs said video signals
to the monitor 170, and said video signals are displayed thereon as a visible image.
[0125] Next, the operation occurring when a fluorescence image is to be obtained will be explained. The rotating filter
214 is again caused to rotate, based on a control signal from the controller 260, from the filter element 214d to the filter
element 214e; wherein, the filter element 214e is positioned along the optical path of the white light emitted from the
illuminating unit 210. In this manner, the excitation light L2 is projected onto the target subject 10.
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[0126] The fluorescence L3 emitted from the target subject 10 upon the irradiation thereof by the excitation light L2 is
focused by the condensing lens 206, is focused by the condensing lens 206, enters the distal end of the image fiber
203, passes through the image fiber 203 and is focused by the collimator lens 228, is transmitted by the excitation light
cutoff filter 221, is focused by the condensing lens 229, transmitted by the wide band filter elements 227a and the narrow
band filter element 227b of the mosaic filter 227, and is received by the CCD imaging element 225.
[0127] After the fluorescence L3 received at the CCD imaging element 225 has been photoelectrically converted for
pixel each corresponding to the wide band filter elements 227a and the narrow band filter element 227b, and then
converted to a digital signal by the A/D converting circuit 226 to obtain a wide band fluorescence image data K1 and a
narrow band fluorescence image data K2, the wide band fluorescence image data K1 and the narrow band fluorescence
image data K2 are stored in the wide band fluorescence image data recording region and the narrow band fluorescence
image data recording region, respectively, of the image memory 131 of the fluorescence diagnostic image forming unit
130.
[0128] Then, in the same manner as occurs in the first embodiment, the image synthesizing portion 134 of the fluo-
rescence diagnostic image forming means synthesizes a fluorescence diagnostic image data K0. Meanwhile, the ob-
structing regions detecting unit 150 detects, based on the color data of the standard image, the obstructing regions. The
exceptional display process portion 135 subjects the detected obstructing regions are to an exceptional display process
to obtain a processed fluorescence diagnosis image data KP. The processed fluorescence diagnosis image data KP is
converted to video signals by the video signal processing circuit 244, inputted to the monitor 180, and displayed thereon
as a visible image.
[0129] Note that the second through the fifth embodiments can also utilize, in the same manner as described above,
an illuminating unit 220 and an image processing portion 240 instead of the illuminating unit 110, the image obtaining
unit 120, and the image processing portion 240.
[0130] Further, according to the first through sixth embodiments described above, the CCD imaging element for
obtaining fluorescence images has been provided within the image processing portion; however, a CCD imaging element
equipped with the on-chip mosaic filter 227 shown in Fig. 14 can be disposed in the distal end of the endoscope insertion
portion. In addition, if the CCD imaging element is a charge multiplying type CCD imaging element, such as that described
in Japanese Unexamined Patent Publication No. 7 (1995) -176721, for amplifying the obtained signal charge, the ob-
tainment of the fluorescence images can be performed at a higher sensitivity, and the noise component of the fluorescence
images can be further reduced.

Claims

1. A fluorescence image obtaining apparatus comprising:

a fluorescence diagnostic image obtaining means (120) for obtaining, based on the fluorescence obtained from
a target subject (10) upon the irradiation thereof by an illuminating light containing excitation light (L2), a fluo-
rescence diagnostic image of a target subject, further comprising
an obstructing regions detecting means (150) for detecting obstructing factors such as blood, mucus, digestive
fluids, silica, foam and the like are present on the target subject; and
a standard image obtaining means for obtaining, based on the reflected light obtained from the target subject
upon the irradiation thereof by the white light, a standard image of the target subject, wherein
said obstructing regions detecting means (150) is a means for obtaining, based on the fluorescence, fluorescence
data of the target subject, and detecting, based on the color data of the standard image and the fluorescence
data, the obstructing regions, characterized in that,

wherein
the fluorescence intensity or the computed fluorescence value representing the ratio between a plurality of fluores-
cence intensities obtained of different wavelength bands is used as the fluorescence data,
said obstructing regions detecting means (150) is a means for detecting, based on any one of the color data, the
fluorescence intensity, or the computed fluorescence value, the suspected obstructing regions of the target subject,
and further detecting, based on one of the data other than that employed in the detection of said suspected obstructing
regions, the obstructing regions of the suspected obstructing regions.

2. A fluorescence image obtaining apparatus as defined in claim 1, wherein
the fluorescence intensity and the computed fluorescence value representing the ratio between a plurality of fluo-
rescence intensities obtained of different wavelength bands are used as the fluorescence data.
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3. A fluorescence image obtaining apparatus as defined in claim 2, wherein
said obstructing regions detecting means is a means for detecting, based on any one of the color data, the fluores-
cence intensity, or the fluorescence data a first suspected obstructing region of the target subject, and detecting,
based on one of the data other than that employed in the detection of said first suspected obstructing region, a
second suspected obstructing region of the target subject, and detecting, based on one of the data other than that
employed in the detection of said second suspected obstructing region, the obstructing regions.

4. A fluorescence image obtaining apparatus as defined in any of claims 1 to 3, further comprising
an exceptional display process means for subjecting the obstructing regions of the fluorescence diagnostic image
to exceptional display processes, and
a display means for displaying the fluorescence diagnostic image that has been subjected to said exceptional display
processes.

5. A fluorescence image obtaining apparatus as defined in any of claims 1 to 3, wherein
a portion or the entirety of the fluorescence diagnostic image obtaining means be provided in the form of an endoscope
to be inserted into the body cavity of a patient.

6. A program for causing a computer to execute a fluorescence image obtaining method of projecting an illuminating
light containing excitation light onto a target subject and obtaining a fluorescence diagnostic image based on the
fluorescence obtained from said target subject upon the irradiation thereof by said light, further comprising the steps of
detecting the obstructing regions representing obstructing factor such as blood, mucus and the like present on the
target subject,
projecting a white light onto the target subject and further obtaining a standard image of said target subject, based
on the reflected light obtained from said target subject upon the irradiation thereof by the white light, and
obtaining the fluorescence data based on the fluorescence, and
detecting the obstructing regions, based on the color data of the standard image and the fluorescence data,
characterized in that
the fluorescence intensity and/or the computed fluorescence value representing the ratio between a plurality of
fluorescence intensities obtained of different wavelength bands are used as the fluorescence data, that, based on
any one of the color data, the fluorescence intensity, or the computed fluorescence value, the suspected obstructing
regions of the target subject are detected, and further, based on one of the data other than that employed in the
detection of said suspected obstructing regions, the obstructing regions of the suspected obstructing regions are
detected.

7. A program as defined in claim 6, further comprising the steps of
subjecting the obstructing regions of the fluorescence diagnostic image to an exceptional display process, and
displaying the fluorescence diagnostic image subjected to said exceptional display process.

Patentansprüche

1. Fluoreszenzbild-Erstellungsvorrichtung, umfassend:

eine Fluorszenz-Diagnosebild-Erstellungseinrichtung (120), um basierend auf der von einem Zielobjekt (10)
bei dessen Bestrahlung mit einem Anregungslicht (L2) enthaltenden Beleuchtungslicht erhaltenen Fluoreszenz
ein Fluoreszenz-Diagnosebild eines Zielobjekts zu erstellen, weiterhin umfassend
eine Sperrzonen-Detektoreinrichtung (150) zum Detektieren von an dem Zielobjekt vorhandenen Sperreinflüs-
sen wie beispielsweise Blut, Schleim, Verdauungsfluiden, Speichel, Schaum und dergleichen; und
eine Standardbild-Erstellungseinrichtung, um basierend auf dem von dem Zielobjekt bei dessen Bestrahlung
mit weißem Licht erhaltenen reflektierten Licht ein Standardbild des Zielobjekts zu erstellen, wobei
die Sperrzonen-Detektoreinrichtung (150) eine Einrichtung ist, die basierend auf der Fluoreszenz Fluoreszenz-
daten des Zielobjekts erstellt und basierend auf den Farbdaten des Standardbilds und den Fluoreszenzdaten
die Sperrzonen ermittelt, dadurch gekennzeichnet, dass die Fluoreszenzintensität oder der berechnete Fluo-
reszenzwert, der das Verhältnis zwischen einer Mehrzahl von Fluoreszenzintensitäten repräsentiert, die für
unterschiedliche Wellenlängenbänder erhalten werden, als die Fluoreszenzdaten verwendet werden, dass die
Sperrzonen-Detektoreinrichtung (150) eine Einrichtung ist, die basierend auf den Farbdaten, der Fluoreszen-
zintensität oder der berechneten Fluoreszenzintensität die verdächtigen Sperrzonen des Zielobjekts nachweist
und außerdem basierend auf anderen Daten als den zum Nachweisen der verdächtigen Sperrzonen verwen-



EP 1 535 569 B1

20

5

10

15

20

25

30

35

40

45

50

55

deten Daten die Sperrzonen der verdächtigen Sperrzonen nachweist.

2. Vorrichtung nach Anspruch 1, bei der die Fluoreszenzintensität und der berechnete Fluoreszenzwert über das
Verhältnis zwischen den mehreren Fluoreszenzintensitäten, die bei unterschiedlichen Wellenlängenbändern erhal-
ten werden, als die Fluoreszenzdaten verwendet werden.

3. Vorrichtung nach Anspruch 2, bei der die Sperrzonen-Detektoreinrichtung eine Einrichtung ist, um basierend auf
den Farbdaten, der Fluoreszenzintensität oder den Fluoreszenzdaten eine erste verdächtige Sperrzone des Ziel-
objekts nachweist und basierend auf den einen von anderen Daten als denjenigen, die zum Nachweisen der ersten
verdächtigen Sperrzone verwendet werden, eine zweite verdächtige Sperrzone des Zielobjekts nachweist, und
basierend auf den einen der anderen Daten als denjenigen, die zum Nachweisen der zweiten verdächtigen Sperrzone
verwendet werden, die Sperrzonen nachweist.

4. Vorrichtung nach einem der Ansprüche 1 bis 3, weiterhin umfassend eine Ausnahme-Anzeigeprozesseinrichtung,
um die Sperrzonen des Fluoreszenz-Diagnosebilds Ausnahme-Anzeigeprozessen zu unterziehen, und
eine Anzeigeeinrichtung zum Anzeigen des Fluoreszenz-Diagnosebilds, welches den Ausnahme-Anzeigeprozessen
unterzogen wurde.

5. Vorrichtung nach einem der Ansprüche 1 bis 3, bei der ein Teil oder die Gesamtheit der Fluoreszenz-Diagnosebild-
Erstellungseinrichtung in der Form eines Endoskops ausgebildet ist, das in den Körperhohlraum eines Patienten
eingeführt wird.

6. Programm zum Veranlassen eines Computers, ein Fluoreszenzbild-Erstellungsverfahren auszuführen, bei dem ein
Anregungslicht enthaltendes Beleuchtungslicht auf ein Zielobjekt projiziert wird und basierend auf der von dem
Zielobjekt bei dessen Bestrahlung mit dem Licht erhaltenen Fluoreszenz ein Fluoreszenz-Diagnosebild erstellt wird,
weiterhin umfassend folgende Schritte:

Nachweisen von Sperrzonen, die Sperreinflüsse wie Blut, Schleim und dergleichen an dem Zielobjekt reprä-
sentieren,
Projizieren von weißem Licht auf das Zielobjekt und Erstellen eines Standardbilds des Zielobjekts basierend
auf dem reflektierten Licht, welches von dem Zielobjekt bei dessen Bestrahlung mit dem weißen Licht erhalten
wird,
Gewinnen der Fluoreszenzdaten basierend auf der Fluoreszenz, und
Nachweisen der Sperrzonen basierend auf den Farbdaten des Standardbilds und der Fluoreszenzdaten,

dadurch gekennzeichnet, dass
die Fluroeszenzintensität und/oder der berechnete Fluoreszenzwert, der repräsentativ ist für das Verhältnis zwischen
mehreren Fluoreszenzintensitäten, die bei unterschiedlichen Wellenlängenbändern erhalten werden, als die Fluo-
reszenzdaten verwendet werden, dass basierend auf den Farbdaten, der Fluoreszenzintensität oder dem berech-
neten Fluoreszenzwert die verdächtigen Sperrzonen des Zielobjekts nachgewiesen werden, und außerdem basie-
rend auf anderen Daten als denjenigen, die für den Nachweis der verdächtigen Sperrzonen verwendet werden, die
Sperrzonen der verdächtigen Sperrzonen nachgewiesen werden.

7. Programm nach Anspruch 6, weiterhin umfassend folgende Schritte:

die Sperrzonen des Fluoreszenz-Diagnosebilds werden einem Ausnahme-Anzeigeprozess unterzogen, und
das den Ausnahme-Anzeigeprozess unterzogene Fluoreszenz-Diagnosebild wird zur Anzeige gebracht.

Revendications

1. Appareil d’obtention d’image par fluorescence comprenant :

un moyen d’obtention d’image de diagnostic par fluorescence (120) pour obtenir, sur la base de la fluorescence
obtenue depuis un sujet cible (10) lors de l’irradiation de celui-ci par une lumière d’illumination contenant de la
lumière d’excitation (22), une image de diagnostic par fluorescence d’un sujet cible, comprenant en outre
un moyen de détection de régions d’obstruction (150) destiné à détecter des facteurs d’obstruction, tels que le
sang, du mucus, des fluides digestifs, de la salive, de la mousse et analogue, présents sur le sujet cible ; et
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un moyen d’obtention d’image standard, destiné à obtenir, sur la base de la lumière réfléchie obtenue à partir
du sujet cible lors de l’irradiation de celui-ci avec la lumière blanche, une image standard du sujet cible, dans
lequel
ledit moyen de détection de régions d’obstruction (150) est un moyen destiné à obtenir, sur la base de la
fluorescence, des données de fluorescence du sujet cible, et à détecter, sur la base des données de couleurs
de l’image standard et des données de fluorescence, les régions d’obstruction, caractérisé en ce que
l’intensité de fluorescence ou la valeur de fluorescence calculée représentant le rapport entre une pluralité
d’intensités de fluorescence obtenues à différentes bandes de longueurs d’ondes est utilisée comme les données
de fluorescence,
ledit moyen de détection de régions d’obstruction (150) est un moyen destiné à détecter, sur la base de l’une
quelconque des données de couleur, l’intensité de fluorescence, ou la valeur de fluorescence calculée, les
régions d’obstruction suspectées du sujet cible et à détecter en outre, sur la base d’une des données autre que
celle utilisée dans la détection desdites régions d’obstruction suspectées, les régions d’obstruction des régions
d’obstruction suspectées.

2. Appareil d’obtention d’image par fluorescence selon la revendication 1, dans lequel
l’intensité de fluorescence et la valeur de fluorescence calculée représentant le rapport entre une pluralité d’intensités
de fluorescence obtenues de différentes bandes de longueurs d’ondes sont utilisées comme les données de fluo-
rescence.

3. Appareil d’obtention d’image par fluorescence selon la revendication 2, dans lequel
ledit moyen de détection de régions d’obstruction est un moyen destiné à détecter, sur la base de l’une quelconque
des données de couleur, l’intensité de fluorescence, ou des données de fluorescence, une première région d’obs-
truction suspectée du sujet cible et à détecter, sur la base de l’une des données autre que celle utilisée dans la
détection de ladite première région d’obstruction suspectée, une deuxième région d’obstruction suspectée du sujet
cible et à détecter, sur la base de l’une des données autre que celle utilisée dans la détection de ladite deuxième
région d’obstruction suspectée, les régions d’obstruction.

4. Appareil d’obtention d’image par fluorescence selon l’une quelconque des revendications 1 à 3, comprenant en
outre :

un moyen de traitement d’affichage exceptionnel destiné à soumettre les régions d’obstruction de l’image de
diagnostic par fluorescence à des traitements d’affichage exceptionnels, et
un moyen d’affichage destiné à afficher l’image de diagnostic par fluorescence qui a été soumise auxdits
traitements d’affichage exceptionnels.

5. Appareil d’obtention d’image par fluorescence selon l’une quelconque des revendications 1 à 3, dans lequel
une partie ou la totalité du moyen d’obtention d’image de diagnostic par fluorescence est prévu sous la forme d’un
endoscope à insérer dans la cavité corporelle d’un patient.

6. Programme destiné à amener un ordinateur à exécuter un procédé d’obtention d’image par fluorescence consistant
à projeter une lumière d’illumination contenant de la lumière d’excitation sur un sujet cible et à obtenir une image
de diagnostic par fluorescence sur la base de la fluorescence obtenue depuis ledit sujet cible lors de l’irradiation
de celui-ci par ladite lumière, comprenant en outre les étapes consistant à :

détecter les régions d’obstruction représentant un facteur d’obstruction tel que du sang, du mucus et analogue
sur le sujet cible,
projeter une lumière blanche sur le sujet cible et obtenir en outre une image standard dudit sujet cible, sur la
base de la lumière réfléchie obtenue depuis ledit sujet cible lors de l’irradiation de celui-ci par la lumière blanche, et
obtenir les données de fluorescence sur la base de la fluorescence, et
détecter les régions d’obstruction, sur la base des données de couleur de l’image standard et des données de
fluorescence, caractérisé en ce que
l’intensité de fluorescence et/ou la valeur de fluorescence calculée représentant le rapport entre une pluralité
d’intensités de fluorescence obtenues à différentes bandes de longueurs d’ondes sont utilisées comme les
données de fluorescence,
en ce que, sur la base de l’une quelconque des données de couleur, de l’intensité de fluorescence ou de la
valeur de fluorescence calculée, les régions d’obstruction suspectées du sujet cible sont détectées et en outre,
sur la base de l’une des données autre que celle utilisée dans la détection desdites régions d’obstruction
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suspectées, les régions d’obstruction des régions d’obstructions suspectées sont détectées.

7. Programme selon la revendication 6, comprenant en outre les étapes consistant à :

soumettre les régions d’obstruction de l’image de diagnostic par fluorescence à un traitement d’affichage ex-
ceptionnel, et
afficher l’image de diagnostic par fluorescence soumise auxdits traitements d’affichage exceptionnels.
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当使用通过使用内窥镜装置等获得的荧光诊断图像进行诊断时，如果在
目标对象上存在包含诸如血液或废物的阻碍因素的阻碍区域，则其作为
病变组织的误识别是预防。将白光和激发光投射到目标对象上以获得其
各自的标准和荧光图像。因为阻塞区域的颜色与正常组织或患病组织的
颜色不同，所以计算标准图像的颜色数据，并且通过确定颜色数据是否
在预定范围之外来检测阻碍区域。对荧光图像进行例外显示处理，使遮
挡区域的颜色与其他区域的颜色不同，并将处理后的荧光诊断图像显示
在监视器上。
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