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(54) Fluorescent-light image display method and apparatus therefor

(57) According to a method of and apparatus for dis-
playing as an autofluorescent-light image emitted from
a target subject upon the irradiation thereof by a excita-
tion light, even for cases in which a malfunction of the
apparatus occurs that prevents an operator from obtain-
ing a desired image, a standard-image is displayed so
as to enable an operator to safely and expediently re-
move the insertion portion of the endoscope from the
body of a patient, whereby the safety of the patient can
be ensured. When an irregularity in the temperature of
one of the light sources, the operation of one of the drive
apparatus, or other cause of an operational irregularity
occurring in of one of the light sources is detected by
the semiconductor-laser temperature detecting means,
the reference-light source temperature detecting
means, or the emission-output detecting means, in re-
sponse to a detection signal thereof, the standard-im-
age display mode is switched to automatically.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a fluorescent-
light image display method of and apparatus for meas-
uring the fluorescent-light emitted from a target subject
upon the irradiation thereof by a excitation light and dis-
playing an image representing the data relating to the
target subject.

Description of the Related Art

[0002] Technologies have been proposed that make
use of the fact that the intensity of the fluorescent-light
emitted from a normal tissue differs from the intensity of
the fluorescent-light emitted from a diseased tissue
when a target subject is irradiated by a excitation light
having a wavelength within the wavelength range of the
internal color elements of the target subject, wherein, by
receiving the fluorescent-light emitted from a target sub-
ject upon the irradiation thereof by a excitation light hav-
ing a wavelength within the wavelength range of the in-
ternal color elements of the target subject, the location
and range of penetration of a diseased tissue is dis-
played as a fluorescent-light image.
[0003] Normally, when a target subject is irradiated by
a excitation light, because a high-intensity fluorescent-
light is emitted from a normal tissue, as shown by the
solid line in Fig. 12, and a weak-intensity fluorescent-
light is emitted from a diseased tissue, as shown by the
broken line in Fig. 12, by measuring the intensity of the
fluorescent-light emitted from aforementioned target
subject, it can be determined whether the target subject
is in a normal or a diseased state.
[0004] However, for cases in which the intensity of the
fluorescent-light emitted from a target subject upon the
irradiation thereof by a excitation light is displayed as an
image, because there is unevenness on the surface of
a target subject, the intensity of the excitation light irra-
diating the target subject is not of a uniform intensity.
Further, although the intensity of the fluorescent-light
emitted from the target subject is substantially propor-
tional to the intensity of the excitation light, the intensity
of aforementioned excitation light becomes weaker in
inverse proportion to the square of the distance between
the excitation light and the target subject. Therefore,
there are cases in which the fluorescent-light 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 fluorescent-light received from afore-
mentioned normal tissue, and the state of the tissue of
the target subject under examination cannot be accu-
rately discerned based solely on the data relating to the
intensity of the fluorescent-light received from the target
subject upon the irradiation thereof with a excitation

light. In order to remedy the problems described above,
the applicants of the present application propose a
method of dividing two types of fluorescent-light inten-
sities obtained of different wavelength ranges to obtain
the ratio therebetween, and displaying a computed-im-
age based on the factor obtained thereby. That is to say:
propose an image display method of displaying an im-
age based on the difference in the form of the fluores-
cent-light spectra reflecting the tissue-state of a target
subject; a method of displaying a fluorescent-light image
comprising detecting the intensity of the reflected-light
reflected from a target subject upon the irradiation there-
of with a reference-light composed of light in the near-
infrared spectrum, which shows uniform absorption
characteristics for a wide variety of target subjects, ob-
taining the ratio between the intensity of the reference-
light and the intensity of the fluorescent-light by division,
and displaying a computed-image based on the factor
obtained thereby, that is, an method of obtaining a value
reflecting the yield of the fluorescent-light and displaying
an image; and etc.
[0005] In addition, a fluorescent-light image display
apparatus according to the technology described above
basically comprises a light emitting means for projecting
the excitation light and illuminating-light onto a target
subject, a single image obtaining means provided with
separate image obtaining portions for obtaining a fluo-
rescent-light image formed of the fluorescent light emit-
ted from the internal color elements of the target subject
and a standard-image formed of the reflected-light re-
flected from the target subject upon the irradiation there-
of by an illuminating-light, respectively, and a display
means for displaying a fluorescent-light image and a
standard-image obtained by the image obtaining
means. In many cases, this apparatus is incorporated
into an endoscope for insertion into a body cavity of a
patient, a colposcope, or a surgical-use microscope,
etc. According to an apparatus of such a configuration,
generally, when a measurement is to be taken, first,
while viewing a displayed standard-image, an operator
inserts the insertion portion into a body cavity of a patient
to the vicinity of the target subject of which a measure-
ment is to be taken. Then, the excitation light is emitted
and the intensity of the fluorescent-light emitted from the
target subject is measured. After a measurement has
been taken, while again viewing a display of a standard-
image, the operator withdraws the insertion portion from
the body of the patient.
[0006] Accordingly, from the insertion of the insertion
portion until the removal thereof from the body of the
patient, the standard-image displaying mode must be
switched to in order to safely remove the insertion por-
tion from the body of the patient.
[0007] However, in existing methods and apparatus
for fluorescent-light image display, no safety measures
against any kind of irregularity in the operation of the
apparatus preventing an operator from obtaining a de-
sired image have been proposed until now. Causes that
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can give rise to irregularities in the operation of the ap-
paratus that can prevent the obtaining of a desired im-
age include, irregularities in the imaging system, reduc-
tions in the output of the light source, malfunctions oc-
curring in the mechanical components involved in the
displaying of a standard-image, and irregularities in the
controlling portion that controls the mechanical ele-
ments or the control signal line.

SUMMARY OF THE INVENTION

[0008] The present invention has been developed in
consideration of the circumstances described above,
and it is a primary object of the present invention to pro-
vide a method and apparatus for displaying a fluores-
cent-light image, wherein, even for cases in which an
irregularity such as one of those described above caus-
es a state to occur in which a desired image cannot be
viewed, the insertion portion can be safely and expedi-
ently removed from the body of a patient and the safety
of the patient and the operator can be ensured.
[0009] The fluorescent-light image display apparatus
according to the present invention comprises: a excita-
tion light emitting means for emitting excitation light; an
illuminating-light emitting means for emitting illuminat-
ing-light; a light-guiding means for guiding the excitation
light and the illuminating-light to the target subject of
which a measurement is to be taken; an image obtaining
means provided with separate image obtaining portions
for obtaining a fluorescent-light image formed of the flu-
orescent-light emitted from a target subject upon the ir-
radiation thereof by a excitation light and a standard-
image formed of the reflected-light reflected from the tar-
get subject upon the irradiation thereof by an illuminat-
ing-light, respectively; a display means for displaying a
fluorescent-light image based on the obtained fluores-
cent-light image and a standard-image based on the ob-
tained standard-image; and an image display controlling
means for controlling the excitation light emitting means,
the illuminating-light emitting means, the image obtain-
ing means, and the display means; further comprising
a excitation light irregularity detecting means for detect-
ing an irregularity in the operation of the excitation light
emitting means, a standard-image display controlling
means,for causing, in response to a detection signal
from the excitation light irregularity detecting means, the
illuminating-light to be emitted from the illuminating-light
emitting means, the image obtaining means to be
switched the standard-image obtaining mode, and the
display means to be switched to the standard-image dis-
playing mode.
[0010] Here, "image obtaining portion" refers to a im-
aging element, and a mirror, etc. for guiding a fluores-
cent-light image or a standard-image to a imaging ele-
ment; further, "separate image obtaining portions" refers
to the separate imaging elements used for obtaining a
fluorescent-light image and a standard-image, the sep-
arate mirrors used to guide a fluorescent-light image

and a standard-image to their respective separate im-
aging elements, or the separate positions of a mirror,
that is, the separate states for obtaining a fluorescent-
light image and a standard-image. Further, there can be
a plurality of each of fluorescent-light image obtaining
portions and standard-image obtaining portions.
[0011] In addition, an irregularity in the operation of
the excitation light to be detected by the excitation light
irregularity detecting means can be an irregularity in the
switching ON or OFF of the power source of the excita-
tion light source, an irregularity occurring in the electric
drive-current flowing to the light source thereof, an ir-
regularity in the cooling apparatus (air-cooling fan or a
Peltier element used in cooling, etc.) of the excitation
light source (if an irregularity occurs in the cooling ap-
paratus and the excitation light source is not cooled, the
emission-output of the excitation light becomes weak
and it becomes impossible to obtain a fluorescent-light
image), or other operational irregularity relating to the
drive apparatus of the excitation light source. In short,
any irregularity causing the excitation light to be emitted
only at an emission-output below a prescribed value or
causing the excitation light to be in a non-emitted state,
thereby preventing the obtaining of a fluorescent-light
image qualifies.
[0012] Further, the causing of the illuminating-light to
be emitted, the switching of the image obtaining means
to the standard-image obtaining mode, and the switch-
ing of the display means to the standard-image display-
ing mode that are to be performed when an irregularity
in the excitation light is detected, are performed when
the illuminating-light emitting means, the image obtain-
ing means, and the display means, respectively, are not
in the aforementioned states.
[0013] Still further, according to the fluorescent-light
image display apparatus described above, for cases in
which a reference-light emitting means for emitting ref-
erence-light is provided, said apparatus can also be pro-
vided with an emission-output irregularity detecting
means for detecting that an irregular operation has oc-
curred in at least one of either the excitation light emit-
ting means or the reference-light emitting means, and a
standard-image display controlling means for causing,
in response to an irregularity detection signal from the
emission-output irregularity detecting means, the illumi-
nating-light to be emitted from the illuminating-light emit-
ting means, the image obtaining means to be switched
to the standard-image obtaining mode, and the display
means to be switched to the standard-image displaying
mode. Further, in this case, the image obtaining means
is provided with a separate image obtaining portion for
obtaining fluorescent-light images, standard-images,
and reflected-light images formed of the reflected-light
reflected from a target subject upon the irradiation there-
of by the reference-light, respectively.
[0014] Here, "image obtaining portion" refers to a im-
aging element the same as that described above, and
a mirror, etc. for guiding a fluorescent-light image, a
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standard-image, or a reflected-light image to a imaging
element; further, "separate image obtaining portions" re-
fers to the separate imaging elements used for obtaining
a fluorescent-light image, a standard-image, and a re-
flected-light image, and the separate mirrors, etc. used
to guide a fluorescent-light image and a standard-image
to their respective separate imaging elements, or refers
to the separate positions of a mirror, that is, the separate
states for obtaining a fluorescent-light image, a stand-
ard-image, and a reflected-light image. Further, there
can be a plurality of each of fluorescent-light image ob-
taining portions, standard-image obtaining portions,and
reflected-light image obtaining portions.
[0015] Here, in addition to the irregularities described
above occurring in the excitation light emitting means,
the operational irregularities detected by the emission-
output irregularity detecting means include irregularities
relating to the operation of the reference-light source:
irregularities in the switching ON or OFF of the power
source of the reference-light source, an irregularity oc-
curring in the electric drive-current flowing to the refer-
ence-light source, or other operational irregularity in the
reference-light source drive apparatus, as well as weak-
ening of the intensity or burning out of the reference-
light source (a halogen lamp) with the passage of time.
In short, any irregularity causing the reference-light to
be emitted only at an emission-output below a pre-
scribed value or causing the reference-light to be in a
non-emitted state, thereby preventing the obtaining of a
reflected-light image, qualifies.
[0016] Another fluorescent-light image display appa-
ratus according to the present invention comprises: a
excitation light emitting means for emitting excitation
light; an illuminating-light emitting means for emitting il-
luminating-light; a light-guiding means for guiding the
excitation light and the illuminating-light to the target
subject of which a measurement is to be taken; an image
obtaining means provided with separate image obtain-
ing portions for obtaining a fluorescent-light image
formed of the fluorescent-light emitted from a target sub-
ject upon the irradiation thereof by a excitation light and
a standard-image formed of the reflected-light reflected
from the target subject upon the irradiation thereof by
an illuminating-light, respectively; a display means for
displaying a fluorescent-light image based on the ob-
tained fluorescent-light image and a standard-image
based on the obtained standard-image; and an image
display controlling means for controlling the excitation
light emitting means, the illuminating-light emitting
means, the image obtaining means, and the display
means; further comprising an image-obtainment irregu-
larity detecting means for detecting an irregularity in the
operation of either of the image obtaining portions, a
standard-image display controlling means for causing,
in response to a detection signal of the image-obtain-
ment irregularity detecting means, the illuminating-light
to be emitted from the illuminating-light emitting means,
the image obtaining means to be switched to an image

obtaining portion that is not operating irregularly, and the
display means to be switched to the standard-image dis-
playing mode.
[0017] Here, for cases in which there are a plurality of
respective separate image obtaining portions for obtain-
ing each of a fluorescent-light image and a standard-
image, an image obtaining portion that is not operating
irregularly is switched to, in an order of predetermined
priority.
[0018] In addition, if the image-obtainment irregularity
detecting means is a means for detecting operational
irregularities in the image obtaining portions, it can be a
means for detecting any type of operational irregularity
occurring in an image obtaining portion: for example, for
cases in which there is a mirror that moves to a different
position for each respective imaging mode of imaging a
fluorescent-light image or a standard-image, it can de-
tect a mechanical malfunction such as an irregularity in
the position of the mirror; or it can detect an electrical
irregularity, such as either of the separate imaging ele-
ments being in a non-functional state; and etc.
[0019] Further, the causing of the illuminating-light
tobe emitted, the switching of the image obtaining
means to the standard-image obtaining mode, and the
switching of the display means to the standard-image
displaying mode that are to be performed when an ir-
regularity in one of the image obtaining portions is de-
tected, are performed when the illuminating-light emit-
ting means, the image obtaining means, and the display
means, respectively, are not in the aforementioned
states.
[0020] Still further, according to the fluorescent-light
image display apparatus described above, for cases in
which a reference-light emitting means for emitting a ref-
erence-light, and a reflected-light image obtaining por-
tion for obtaining a reflected-light image of the reflected-
light reflected from a target subject upon the irradiation
thereof by a reference-light emitted from the reference-
light emitting means have been provided, the apparatus
can be further provided with an image-obtainment irreg-
ularity detecting means for detecting that an operational
irregularity has occurred in one of the image obtaining
means, and a standard-image display controlling means
for causing, in response to a detection signal of the im-
age-obtainment irregularity detecting means, the illumi-
nating-light to be emitted from the illuminating-light emit-
ting means, the image obtaining means to be switched
the standard-image obtaining mode, and the display
means to be switched to the standard-image displaying
mode.
[0021] Yet another fluorescent-light image display ap-
paratus according to the present invention comprises:
a excitation light emitting means for emitting excitation
light; an illuminating-light emitting means for emitting il-
luminating-light; a light-guiding means for guiding the
excitation light and the illuminating-light to the target
subject of which a measurement is to be taken; an image
obtaining means provided with separate image obtain-
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ing portions for obtaining a fluorescent-light image
formed of the fluorescent-light emitted from a target sub-
ject upon the irradiation thereof by a excitation light and
a standard-image formed of the reflected-light reflected
from the target subject upon the irradiation thereof by
an illuminating-light, respectively; a display means for
displaying a fluorescent-light image based on the ob-
tained fluorescent-light image and a standard-image
based on the obtained standard-image; and an image
display controlling means for controlling the excitation
light emitting means, the illuminating-light emitting
means, the image obtaining means, and the display
means; and a excitation light emission control line, an
illuminating-light control line, an image-obtainment con-
trol line, and a display control line electrically connected
to each of the excitation light emitting means, the illumi-
nating-light emitting means, the image obtaining means,
the display means, and the image display controlling
means, wherein the illuminating-light emitting means
emits the illuminating-light in response to the control sig-
nal of the illuminating-light control line being in the OFF
state and the image obtaining means switches to the
standard-image obtaining mode in response to the con-
trol signal of the image-obtainment control line being in
the OFF state; further comprising a disconnection de-
tecting means for detecting that at least one from among
the illuminating-light control line, the image-obtainment
control line and the display control line has become dis-
connected; and a standard-image controlling means for
causing the control signal of the control lines from
among the illuminating-light control line, the image-ob-
tainment control line, and the display control line that
have not been disconnected to be in the OFF state.
[0022] Here, "disconnected" refers to a physical break
in a control line, a bad connection between the illumi-
nating-light means, the image obtaining means, or the
display means and the image display controlling means,
and etc., that is, a state in which the image display con-
trolling means cannot send a control signal to each of
aforementioned means. Further, the "OFF state" refers
to the state in which there is no control signal, due to
aforementioned disconnection, or there is an electrical
signal the same as the state in which there is no control
signal.
[0023] Further, the standard-image display controlling
means can be a means that causes the control signal
of a control line that has not disconnected to be in the
OFF state, or that causes the control signal of all the
control lines to be in the OFF state.
[0024] Still further, as per the fluorescent-light image
display apparatus described above, this is the same for
cases in which a reference-light emitting means for emit-
ting a reference-light is provided.
[0025] Further still, according to the fluorescent-light
image display apparatus of the present invention, for
cases in which an operational irregularity occurs in the
image display controlling means, an input means is pro-
vided for causing the illuminating-light emitting means

to emit the illuminating-light, the image obtaining means
is switched to the standard-image obtaining mode and
the display means to the standard-image displaying
mode, wherein the standard-image display controlling
means is a means for causing, in response to an input
signal from the input means, the aforementioned illumi-
nating-light emitting means to emit the aforementioned
illuminating-light, and the image obtaining means to
switch to the standard-image obtaining mode and the
display means to switch to the standard-image display-
ing mode.
[0026] Here, the input means can be provided in com-
bination with a reset switch for causing the image dis-
play controlling means to revert to the initial state.
[0027] In addition, although the display means of the
fluorescent-light image display apparatus according to
the present invention is provided with a single display
apparatus for switching between displaying a fluores-
cent-light image and a standard-image, it can also be a
means provided with two separate display apparatuses
for displaying a fluorescent-light image and a standard-
image, respectively.
[0028] Further, regarding the image-obtainment irreg-
ularity detecting means with which the fluorescent-light
image display apparatus according to the present inven-
tion is provided, for cases in which the display means is
provided with two separate display apparatuses for dis-
playing a fluorescent-light image and a standard-image,
respectively, the image-obtainment irregularity detect-
ing means causes, in response to a detection signal in-
dicating that an operational irregularity has occurred in
one of the image obtaining portions, the display appa-
ratus, from among the two display apparatuses, that has
been displaying an image obtained by the image obtain-
ing portion for which an operational irregularity has been
detected to not display the image obtained by said im-
age obtaining portion.
[0029] Still further, in response to a detection signal
indicating that an operational irregularity has occurred
in one of the image obtaining portions, the image display
apparatus, from among the two display apparatuses,
can be a display apparatus for displaying a freeze-frame
image of the image obtained by the image obtaining por-
tion for which an operational irregularity has been de-
tected to have occurred.
[0030] Further still, the display apparatus, from
among the two display apparatuses, that has been dis-
playing an image obtained by the image obtaining por-
tion for which an operational irregularity has been de-
tected can be a display apparatus for displaying, in re-
sponse to a detection signal indicating that an opera-
tional irregularity has occurred in one of the image ob-
taining portions, a message indicating that an operation-
al irregularity has occurred in said image obtaining por-
tion.
[0031] Additionally, according to the fluorescent-light
image display apparatus of the present invention, the
excitation light is a GaN semiconductor laser beam.
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[0032] According to a fluorescent-light image display
apparatus of a configuration described above according
to the present invention, a excitation light irregularity de-
tecting means is provided for detecting an operational
irregularity occurring in the excitation light emitting
means, and in response to a detection signal therefrom
indicating that an operational irregularity has occurred
in the excitation light emitting means, the illuminating-
light is caused to be emitted from the illuminating-light
emitting means, the image obtaining means is caused
to be switched the standard-image obtaining mode, and
the display means is caused to be switched to the stand-
ard-image displaying mode, whereby a standard-image
is displayed; therefore, the standard-image displaying
mode can be automatically switched to when an opera-
tional irregularity in the excitation light emitting means
is detected: For example, for cases in which the fluores-
cent-light image display apparatus according to the
present invention is implemented in a fluorescent endo-
scope apparatus, the endoscope insertion portion there-
of can be safely removed from the body of a patient while
an operator views a standard-image.
[0033] In addition, for cases in which a reference-light
emitting means for emitting reference-light is provided,
an emission-output irregularity detecting means for de-
tecting that an operational irregularity has occurred in at
least one of the excitation light emitting means or the
reference-light emitting means is provided, and by caus-
ing, in response to a detection signal from the emission-
output irregularity detecting means, the illuminating-
light to be emitted from the illuminating-light emitting
means, the image obtaining means to be switched the
standard- image obtaining mode, and the displaymeans
to be switched to the standard-image displaying mode,
a standard-image is displayed, whereby the same effect
as described above can be obtained.
[0034] Further, according to the fluorescent-light im-
age display apparatus of the present invention, an im-
age-obtainment irregularity detecting means for detect-
ing that an operational irregularity has occurred in one
of the image obtaining portions is provided, and by caus-
ing, in response to a detection signal from the image-
obtainment irregularity detecting means, the illuminat-
ing-light to be emitted from the illuminating-light emitting
means, the image obtaining means to be switched the
standard-image obtaining mode, and the display means
to be switched to the standard-image displaying mode,
whereby a standard-image is displayed, an operational
irregularity occurring in an image obtaining portion can
be detected, and because the image obtaining means
is automatically switched, in corresponding to said op-
erational irregularity, to an image obtaining portion that
is not operating irregularly, even for cases in which an
operational irregularity occurs in the image obtaining
portion involved in the displaying of a standard-image,
by using an image obtaining portion that is not malfunc-
tioning, it is possible to continuously display a standard-
image.

[0035] Still further, according to the fluorescent-light
image display apparatus described above, for cases in
which a plurality of image obtaining portions are provid-
ed, even when an image obtaining portion malfunctions,
because one of the plurality of image obtaining portions
that is notmalfunctioning can be switched to, continuous
displaying of a standard-image can be performed with
even higher reliability. For example, for a case in which
three image obtaining portions are provided, a standard-
image can be displayed while as many as 2 of said 3
image obtaining portions are malfunctioning.
[0036] Further still, according to the fluorescent-light
image display apparatus of the present invention: the
illuminating-light emitting means is a means that emits,
in response to the control signal of the illuminating-light
emission control line being in the OFF state, the illumi-
nating-light; the image obtaining means is a means that
switches, in response to the control signal of the image-
obtaining control line being in the OFF state, to the
standard-image obtaining mode; the display means is a
means that switches, in response to the control signal
of the display control line being in the OFF state, to the
standard-image displaying mode; further comprising a
disconnection detecting means for detecting that at
least one control line from among the illuminating-light
emission control line, the image-obtainment control line,
and the display control line has been disconnected;
wherein, because in response to a detection signal from
the disconnection detecting means, the control signal of
the control lines from among the illuminating-light emis-
sion control line, the image-obtainment control line, and
the display control line that have not been disconnected
are caused to be in the OFF state, and the standard-
image displaying mode can be switched to, a discon-
nection in any of the control lines of the apparatus can
be detected, and even for cases in which a control line
that relays a control signal involved in the displaying of
a standard-image is disconnected, a standard-image
can be continuously displayed.
[0037] Additionally, when a malfunction occurs in the
image display controlling means, an input means is pro-
vided for causing the illuminating-light to be emitted from
the illuminating-light emitting means, the image obtain-
ing means to switch to the standard-image obtaining
mode and the display to switch to the standard-image
displaying mode, wherein, because in response to an
input signal from the input means, the illuminating-light
emitting means is caused to emit illuminating-light, the
image obtaining means is switched to the standard-im-
age obtaining mode and the display means is switched
to the standard-image displaying mode, and a standard-
image can be displayed, even for cases in which the im-
age display controlling means that outputs a control sig-
nal involved in the displaying of a standard-image mal-
functions, by an input operation performed by an oper-
ator, a standard-image can be manually caused to be
displayed.
[0038] Further, according to the fluorescent-light im-
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age display apparatus of the present invention, because
the display means can be a single display apparatus that
switches between displaying a fluorescent-light image
and a standard-image, the cost of the apparatus can be
reduced.
[0039] Still further, because the display means of the
fluorescent-light image according to the present inven-
tion can be two separate display apparatus that displays
a fluorescent-light image and a standard-image, respec-
tively, two images can be viewed at the same time, and
comparative analysis is possible.
[0040] Further still, with regard to the image-obtain-
ment irregularity detecting means with which the fluo-
rescent-light image display apparatus described above
is provided, for cases in which the display means is pro-
vided with a 2-screen display apparatus for displaying
a fluorescent-light image and a standard-image, respec-
tively, in response to a malfunction detection signal in-
dicating that one of the image obtaining portions has
malfunctioned, because the screen, from among the two
display screens, that had been displaying an image ob-
tained by the image obtaining portion detected to have
malfunctioned can be caused to not display an image
or to display a freeze-frame image, a mistake in judg-
ment on the part of an operator or confusion caused by
the displaying of images due to a malfunction in an im-
age obtaining portion can be avoided. Further, because
it is possible to display a message indicating that an op-
erational irregularity has occurred in an image obtaining
portion, the operator is able to recognize that an opera-
tional irregularity has occurred in said image obtaining
portion.
[0041] Even further, by using excitation light having a
wavelength in the 380-420 wavelength range, which is
outside of the light intensity characteristic of a normal-
tissue, more reliable data of a normal-tissue can be ob-
tained. Further, by using a GaN semiconductor laser, the
size of the apparatus can be made compact and the cost
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

Figure 1 is a schematic drawing of the first embod-
iment of a fluorescent endoscope apparatus that is
an application of a fluorescent-light image display
apparatus implementing the fluorescent-light image
display method according to the present invention,
Figure 2 is a schematic drawing of the second em-
bodiment of a fluorescent endoscope apparatus
that is an application of a fluorescent-light image
display apparatus implementing the fluorescent-
light image display method according to the present
invention,
Figure 3 is a flowchart of the operation of the second
embodiment of a fluorescent endoscope apparatus
shown in Fig. 1,

Figure 4 is a flowchart of the operation of the second
embodiment of a fluorescent endoscope apparatus
shown in Fig. 2,
Figure 5 is a schematic drawing of the third embod-
iment of a fluorescent endoscope apparatus that is
an application of a fluorescent-light image display
apparatus implementing the fluorescent-light image
display method according to the present invention,
Figure 6 is a schematic drawing of the fourth em-
bodiment of a fluorescent endoscope apparatus
that is an application of a fluorescent-light image
display apparatus implementing the fluorescent-
light image display method according to the present
invention,
Figure 7 is schematic drawing of the optical trans-
mitting filter employed in the fluorescent endoscope
according to the fourth embodiment,
Figure 8 is a schematic drawing of the fifth embod-
iment of a fluorescent endoscope apparatus that is
an application of a fluorescent-light image display
apparatus implementing the fluorescent-light image
display method according to the present invention,
Figure 9 is a schematic drawing of the mosaic filter
employed in the fluorescent endoscope according
to the fourth embodiment,
Figure 10 is a timing chart showing the readout tim-
ing of the exposure and autofluorescent-light of the
excitation light and the reference light, and the re-
flected-light of the white-light and the reflected-light
of the reference-light occurring in the fluorescent
endoscope according to the fifth embodiment,
Figure 11 is a schematic drawing of the high-sensi-
tivity fluorescent-light imaging element and the re-
flected-light imaging element occurring in the fluo-
rescent endoscopes according to the fourth and fifth
embodiments for a cases in which said imaging el-
ements are disposed in the excitation lightdistal end
of the endoscope insertion portion, and
Figure 12 is a graph provided for explanation of the
intensity distribution of the fluorescent-light spectra
of a normal-tissue and a diseased tissue.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] Hereinafter, with reference to the drawings, the
preferred embodiments of the present invention will be
explained.
[0044] Figure 1 is a schematic drawing of the first em-
bodiment of a fluorescent endoscope apparatus that is
an application of a fluorescent-light image display appa-
ratus implementing the fluorescent-light image display
method according to the present invention.
[0045] The fluorescent endoscope according to the
current embodiment comprises an endoscope insertion
portion 100 for insertion into the body of a patient to a
position near the location of the primary nidus and areas
of suspected secondary infection, an image signal
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processing portion 1 for processing the data obtained of
the target subject into an image signal, a monitor 600
for displaying as a visible-image the signal processed
by the image signal processing portion 1, and a foots-
witch 2 for switching between a standard-image display-
ing mode and a composite-image displaying mode. The
image signal processing portion 1 comprises: an illumi-
nation unit 110 provided with three light sources, one
that emits white-light Lw for obtaining standard-images,
one that emits excitation light Lr for obtaining autofluo-
rescent-light images, and one that emits reference-light
Ls for obtaining reflected-light images; an image detec-
tion unit 300 for obtaining the autofluorescent-light im-
age Zj emitted from a target subject 9 upon the irradia-
tion thereof by the excitation light Lr and a reflected-light
image Zs formed of the reflected-light reflected from the
target subject 9 upon the irradiation thereof by a refer-
ence-light Ls, and converting the obtained images to
digital values and outputting 2-dimensional image data
thereof; an image computing unit 400 for performing a
distance correction computation, and etc. from the 2-di-
mensional image data of the autofluorescent-light im-
age output from the image detection unit 300, assigning
a color data to each computed value obtained thereby,
assigning a brightness data to the 2-dimensional image
data of the reflected-light image, and combining the two
image data and outputting the composite-image formed
thereby; a display signal processing unit 500 for digitiz-
ing the standard-image and obtaining a 2-dimensional
image data thereof and converting said 2-dimensional
data and the output signal from the image computing
unit 400 to video signals and outputting said video sig-
nals, a standard-image display controlling means 700
for causing, in response to irregularities in the temper-
ature of the GaN semiconductor laser 111 and the ref-
erence-light source 117 of the illumination unit 110, op-
erational irregularities in the power source of the semi-
conductor laser drive apparatus 112 and the power
source of the reference-light source drive apparatus
118, irregularities occurring in the electric drive-current
and causes other than those described above that effect
irregularities in the emission of the excitation light Lr and
the reference-light Ls from the illumination unit 110, a
switch to the standard-image displaying mode; a control
computer 200 connected to each unit for controlling the
operational timing thereof; a reset switch 4 for switching
each unit and the monitor 600 to the standard-image dis-
playing mode when an operational irregularity occurs in
the control computer 200, and a footswitch 2 for switch-
ing between the standard-image displaying mode and
the composite-image displaying mode. Note that the re-
set switch 4 causes the control computer to revert to the
initial state.
[0046] The insertion portion 100 comprises a light
guide 101 extending internally to the forward end there-
of, and an image fiber 102. An illuminating lens 103 is
provided at the forward end of the light guide 101; that
is, at the excitation lightdistal end of the endoscope in-

sertion portion 100. Further, the image fiber 102 is a
composite glass fiber, and a excitation light cutoff filter
104 and a focusing lens 105 are provided at the forward
end thereof. The light guide 101 comprises a composite
glass fiber white-light guide 101a and a fused quartz fib-
er excitation light guide 101b bundled together in the
form of an integrated cable, and the white-light guide
101a and the excitation light guide 101b are connected
to the illumination unit 110. Note that the excitation light
guide 101b is also a light-guide for guiding the refer-
ence-light. One end of the image fiber 102 is connected
to the image detection unit 300.
[0047] The illumination unit 110 comprises: a GaN
semiconductor laser 111 that emits excitation light Lr for
obtaining autofluorescent-light images and a semicon-
ductor-laser drive apparatus 112 electrically connected
to said GaN semiconductor laser 111 that includes a
semiconductor-laser power source; a white-light source
114 that emits white-light Lw for obtaining standard-im-
ages and a white-light source drive apparatus 115 elec-
trically connected to said white-light source 114 that in-
cludes a white-light source power source; a reference-
light source 117 that emits reference-light Ls for obtain-
ing reference-light images and a reference-light source
drive apparatus 118 electrically connected to said refer-
ence-light source 117 that includes a reference-light
source power source; a dichroic mirror 120 for transmit-
ting the excitation light Lr emitted from the GaN semi-
conductor laser 111 and reflecting at a right angle the
reference-light Ls emitted from the reference-light
source 117; a transmissive mirror 126 for substantially
transmitting and reflecting at a right angle a portion of
the excitation light Lr output from the GaN semiconduc-
tor laser 111 and the reference-light Ls output from the
reference-light source 117; an emission-output irregu-
larity detecting means 121 for monitoring the excitation
light Lr and the reference-light Ls reflected by the trans-
missive mirror 126 and detecting an emission-output ir-
regularity of the excitation light or the reference-light
when the intensity of the emission-output thereof is low-
er than a prescribed value (including cases in which no
emission is output), and outputting a detection signal in-
dicative thereof to the standard-image display control-
ling means 700; a GaN semiconductor laser tempera-
ture detecting means 122 for monitoring the tempera-
ture of the GaN semiconductor laser 111 and detecting
that the temperature thereof is higher than a prescribed
value, and outputting a detection signal indicative of said
temperature irregularity to the standard-image display
controlling means 700; a reference-light source temper-
ature detecting means 124 for monitoring the tempera-
ture of the reference-light source 117 and detecting that
the temperature thereof is higher than a prescribed val-
ue, and outputting a detection signal indicative of said
temperature irregularity to the standard-image display
controlling means 700; a semiconductor-laser drive ap-
paratus irregularity detecting means 123 for detecting
that the semiconductor-laser power source of the sem-
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iconductor laser drive apparatus 112 does not turn ON
or OFF, and that the electric drive-current of the GaN
semiconductor laser is an irregular electric current, and
outputting a detection signal indicative oftheir regularity
there of to the standard-image display controlling means
700; and a reference-light source drive apparatus irreg-
ularity detecting means 125 for detecting that the refer-
ence-light source power source of the reference-light
source drive apparatus 118 does not turn ON or OFF,
and that the electric drive-current of the reference-light
source is an irregular electric current, and outputting a
detection signal indicative of the irregularity thereof to
the standard-image display controlling means 700.
[0048] The image detection unit 300, to which the im-
age fiber 102 is connected, comprises: a collimator lens
301 for focusing an autofluorescent-light image, a
standard-image, or a reflected-light image conveyed
thereto by the image fiber 102; a movable mirror 302 for
totally reflecting at a right angle a standard-image pass-
ing through the collimator lens 301 and transmitting a
fluorescent-light image and a reflected-light image by
moving to the position indicated by the broken line; a
dichroic mirror 303 for reflecting at a right angle a fluo-
rescent-light image (formed of light having a wavelength
smaller than 750 nm) passing through the collimator
lens 301; a half-mirror 308 for transmitting 50% and re-
flecting at a right angle 50% of the quantity of light of an
autofluorescent-light image reflected by the dichroic
mirror 303; a fluorescent-light image mirror 313 for re-
flecting at a right angle the autofluorescent-light image
transmitted by the half-mirror 308; a wide-band fluores-
cent-light image focusing lens 304 for focusing the
autofluorescent-light image reflected at a right angle by
the fluorescent-light image mirror 313; a wide-band
band-pass filter 305 for extracting, from the autofluores-
cent-light image transmitted by the wide-band fluores-
cent-light image focusing lens 304, light having a wave-
length in the 430 nm-730 nm wavelength range; a wide-
band fluorescent-lightimagehigh-sensitivity imaging el-
ement 306 for obtaining the autofluorescent-light image
transmitted by the wide-band band-pass filter 305; an
A/D converter 307 for digitizing and outputting as a 2-di-
mensional image data the autofluorescent-light image
obtained by the wide-band fluorescent-light image high-
sensitivity imaging element 306; a narrow-band fluores-
cent-light image focusing lens 309 for focusing the
autofluorescent-light image reflected at a right angle by
the half-mirror 308; a narrow-band band-pass filter 310
for extracting, from the autofluorescent-light image
transmitted by the narrow-band fluorescent-light image
focusing lens 309, light having a wavelength in the 430
nm-530 nm wavelength range; a narrow-band fluores-
cent-light image high-sensitivity imaging element 311
for obtaining the autofluorescent-light image transmitted
by the narrow-band band-pass filter 310; an A/D con-
verter 312 for digitizing and outputting as a 2-dimension-
al image data the autofluorescent-light image obtained
by the narrow-band fluorescent-light image high-sensi-

tivity imaging element 311; a reflected-light image focus-
ing lens 314 for focusing the reflected-light image trans-
mitted by the dichroic mirror 303; a reflected-light image
imaging element 315 for obtaining the reflected-light im-
age focused by the reflected-light image focusing lens
314; an A/D converter 316 for digitizing and outputting
as a 2-dimensional image data the reflected-light image
obtained by the reflected-light image imaging element
315.
[0049] The image computing unit 400 comprises: an
autofluorescent-light image memory 401 for storing dig-
itized autofluorescent-lightimage signal data; a reflect-
ed-light image memory 402 for storing the reflected-light
image signal data; an autofluorescent-light image com-
puting portion 403 for performing computations corre-
sponding to the ratio between each pixel value of an
autofluorescent-light image formed of two different
wavelength bands of fluorescent-light, stored in the
autofluorescent-light image memory 401 and deriving a
computed-value for each pixel, and assigning a color
data to each computed value obtained thereby to form
an image signal having color data; a reflected-light im-
age computing portion 404 for assigning a brightness
data to each pixel value of a reflected-light image stored
in the reflected-light image memory 402; and an image
composing portion 405 for combining the image signal
having color data, which is output from the autofluores-
cent-light image computing portion 403 and the image
signal having brightness data, which is output from the
reflected-light image computing portion 404, and form-
ing a composite-image.
[0050] The autofluorescent-light image memory 401
is formed of a wide-band autofluorescent-light image
memory zone and a narrow-band autofluorescent-light
image memory zone, which are not shown; the wide-
band autofluorescent-light image obtained by the wide-
band fluorescent-light image high-sensitivity imaging el-
ement 306 is stored in the wide-band autofluorescent-
light image memory zone, and the narrow-band autoflu-
orescent-light image obtained by the narrow-band fluo-
rescent-light image high-sensitivity imaging element
311 is stored in the narrow-band autofluorescent-light
image memory zone.
[0051] The display signal processing unit 500 com-
prises: a standard-image mirror 501 for reflecting at a
right angle a standard-image reflected by the movable
mirror 302; a standard-image focusing lens 502 for fo-
cusing the standard-image reflected by the standard-im-
age mirror 501; a standard-image imaging element 503
for obtaining the standard-image focused by the stand-
ard-image focusing lens 502; an A/D converter 504 for
digitizing and outputting as a 2-dimensional image data
the standard-image obtained by the standard-image im-
aging element 503; a standard-image memory 505 for
storing the digitized standard-image signal; and a video
signal converting circuit 506 for converting the standard-
image signal output from the standard-image memory
505 and the composite-image signal output from the im-
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age composing portion 405 to video signals and output-
ting said video signals. The monitor 600 is a monitor that
switches between displaying a standard-image and a
composite-image.
[0052] Next, the operation of the fluorescent endo-
scope described above that is an application of a fluo-
rescent-light image display apparatus implementing the
fluorescent-light image display method according to the
present invention, will be explained.
[0053] First, the operation occurring when a compos-
ite image is to be displayed using an autofluorescent-
light image formed of two different wavelength bands of
fluorescent-light and a reflected-light image will be ex-
plained.
[0054] When an autofluorescent-light image formed
of two different wavelength bands of fluorescent-light is
to be obtained, the semiconductor drive apparatus is ac-
tivated based on a signal from the control computer 200
and the excitation light Lr is emitted from the GaN sem-
iconductor laser; the excitation light Lr is transmitted by
the excitation light focusing lens 113, the dichroic mirror
120, and the transmissive mirror 126 and enters the ex-
citation light guide 101b, and after being guided to the
excitation lightdistal end of the endoscope insertion por-
tion 100, it is projected onto the target subject 9 by the
illuminating lens 103. The autofluorescent-light image
emitted from the target subject 9 upon the irradiation
thereof by the excitation light Lr is focused by the focus-
ing lens 105, transmitted by the excitation light cutoff fil-
ter 104 and enters the forward end of the image fiber
102, and after passing through the image fiber 102 en-
ters the collimator lens 301. The excitation light cutoff
filter 104 is a long-pass filter that transmits all fluores-
cent-light having a wavelength of 420 nm and longer.
Because the wavelength of the excitation light is 410
nm, the excitation light reflected from the target subject
9 is cutoff by the excitation light cutoff filter 104. The
autofluorescent-light image transmitted by the collima-
tor lens 301 is reflected at a right angle by the dichroic
mirror 303, and then, is transmitted by the half-mirror
308 at a transmittance rate of 50% and reflected by the
half-mirror 308 at a reflectance rate of 50%. The autoflu-
orescent-light image transmitted by the half mirror 308
is reflected at a right angle by the fluorescent-light image
mirror 313, focused by the wide-band fluorescent-light
image lens 304, transmitted by the wide-band band-
pass filter 305, and obtained by the wide-band fluores-
cent-light image high-sensitivity imaging element 306;
the image signal output from the wide-band fluorescent-
light image high-sensitivity imaging element 306 is input
to the A/D converter 307, and after being digitized, is
stored in the wide-band fluorescent-light image memory
zone 401.
[0055] In addition, the autofluorescent-light image re-
flected by the dichroic mirror 303 and reflected by the
half-mirror 308 is focused by the narrow-band fluores-
cent-light image focusing lens 309, transmitted by the
narrow-band band-pass filter 310, obtained by the nar-

row-band fluorescent-light image high-sensitivity imag-
ing element 311, input to the A/D converter 312, and af-
ter being digitized, is stored in the narrow-band fluores-
cent-light image memory zone 401.Note that the digital
data of the autofluorescent-light image obtained by the
wide-band fluorescent-light image high-sensitivity imag-
ing element 306 and the digital data of the autofluores-
cent-light image obtained by the narrow-band fluores-
cent-light image high-sensitivity imaging element 311
are stored in respective, different zones. Note that here,
the movable mirror 302 is disposed in the position par-
allel to the light axis of the autofluorescent-light image
indicated by the broken line.
[0056] Further, the reference-light Ls emitted from the
reference-light source 117 is transmitted by the refer-
ence-light focusing lens 119, reflected at a right angle
by the dichroic mirror 120, transmitted by the transmis-
sive mirror 126 and enters the excitation light guide
101b, and after being guided to the excitation lightdistal
end of the endoscope insertion portion, is projected onto
the target subject 9 by the illuminating lens 103. The
reflected-light image formed of the reflected-light re-
flected from the target subject 9 upon the irradiation
thereof by the reference-light Ls is focused by the fo-
cusing lens 105, and the reflected-light image transmit-
ted by the focusing lens 105 is transmitted by the exci-
tation light cutoff filter 104 and enters the forward end
of the image fiber 102; after passing through the image
fiber 102, said reflected-light image enters the collimator
lens 301. The excitation light cutoff filter 104 is a long-
pass filter that transmits reflected-light having a wave-
length of 420 nm and longer. The reflected-light image
transmitted by the collimator lens 301 is transmitted by
the dichroic mirror 303, focused by the reflected-light im-
age focusing lens 314, and obtained by the reflected-
light image imaging element 315; the image signal out-
put from the reflected-light image imaging element 315
is input to the A/D converter 316, and after being digi-
tized, is stored in the reflected-light image memory zone
402. Note that here, the movable mirror is disposed the
position parallel to the light axis of the reflected-light im-
age indicated by the broken line.
[0057] The autofluorescent-light image formed of two
different wavelength bands of fluorescent-light that has
been stored in the autofluorescent-light image memory
401 is subjected to computations corresponding to the
ratio between each pixel value of each image by the
autofluorescent-light image computing portion 403; a
color data is assigned to each computedvalue obtained
thereby to form an image signal having color data, which
is then output. Further, the reflected-light image com-
puting portion 404 assigns a brightness value to each
pixel value of the reflected-light image stored in the re-
flected-light image memory 402 to form an image signal
having brightness data, which is then output. The image
signal output from the autofluorescent-light image com-
puting portion 403 and the image signal output from the
reflected-light image computing portion 404 are com-
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bined by the image composing portion 405. The com-
posite image composed thereof by the image compos
ing portion 4 0 5 is DA converted by the video signal
processing circuit 506, after which it is output to the mon-
itor 600 and displayed thereon.
[0058] Next, the operation occurring when a stand-
ard-image is to be displayed will be explained. First, the
white-light source drive apparatus 115 is activated
based on a signal from the control computer 200 and
white-light Lw is emitted from the white-light source 114.
The white-light Lw emitted from the white-light source
114 enters the white-light guide 101a via the white-light
focusing lens 116, and after being guided to the excita-
tion lightdistal end of the endoscope insertion portion
100, is projected onto the target subject 9 by the illumi-
nating lens 103. The reflected-light of the white-light Lw
is focused by the focusing lens 105, transmitted by the
excitation light cutoff filter 104 and enters the forward
end of the image fiber 102, and after passing through
the image fiber 102, enters the collimator lens 301. The
excitation light cutoff filter is a long-pass filter that trans-
mits visible light having a wavelength of 420 nm and
longer. The reflected-light image transmitted by the col-
limator lens 301 is reflected by the movable mirror 302
and the standard-image mirror 501, and enters the
standard-image focusing lens 502. The standard-image
transmitted by the standard-image focusing lens is ob-
tained by the standard-image imaging element 503. The
image signal output by the standard-image imaging el-
ement 503 is input to the A/D converter 504, and after
being digitized, is stored in the standard-image memory
505. The standard-image signal stored by the standard-
image memory 505 is DA converted by the video signal
processing circuit 506, after which it is output to the mon-
itor 600 and displayed as a visible-image thereon.
[0059] The series of operations relating to the display-
ing of a composite-image and the displaying of a stand-
ard-image are controlled by the control computer 200.
[0060] Further, switching between the composite-im-
age displaying mode and the standard-image displaying
mode is performed by depressing the footswitch 2.
[0061] Here, when in the composite-image displaying
mode described above, if the temperature of the GaN
semiconductor laser 111 or the reference-light source
become higher than a prescribed value, due to a cooling
apparatus (not shown) failure (a malfunction in an air-
cooling fan or Peltier element used for cooling the GaN
semiconductor laser 111), etc., the temperature irregu-
larity is detected by the GaN semiconductor laser tem-
perature detecting means 122 or the reference-light
source temperature detecting means 124, and the de-
tection signal thereof is output to the standard-image
display controlling means 700. Here, standard image
controlling means 700, under control of the control com-
puter 200, switches automatically to the standard image
displaying mode due to the operation described above.
Further, when the semiconductor-laser power source of
the semiconductor laser drive apparatus 112 does not

turn ON or OFF, and when the electric drive-current of
the GaN semiconductor laser 111 is an irregular electric
current (sufficient electric current doesn't flow, or exces-
sive electric current flows), the irregularity is detected
by the semiconductor-laser drive apparatus irregularity
detecting means 123, and the detection signal thereof
is output to the standard-image display controlling
means 700. Further, when the reference-light source
power source of the reference-light source drive appa-
ratus 118 does not turn ON or OFF, and when the electric
drive-current of the reference-light source is an irregular
electric current, the irregularity is detected by the refer-
ence-light source drive apparatus irregularity detecting
means 125, and the detection signal thereof is output to
the standard-image display controlling means 700. For
these cases also, in the same way, standard image con-
trolling means 700, under control of the control compu-
ter 200, switches automatically to the standard image
displaying mode due to. the operation described above.
[0062] Still further, when the intensity of the excitation
light or the reference-light has become lower than a pre-
scribed value due to a cause other than one of those
described above (including cases in which the excitation
light or the reference-light is not being emitted), the
emission-output irregularity is detected by the emission-
output irregularity detecting means 121, and the detec-
tion signal thereof is output to standard-image display
controlling means 700. For this case also, in the same
way, standard image controlling means 700, under con-
trol of the control computer 200, switches automatically
to the standard image displaying mode due to the oper-
ation described above.
[0063] Further still, for cases in which the control com-
puter 200 malfunctions, by depressing the reset switch
4, the control computer is caused to revert to the initial
state, and then, the standard-image display controlling
means 700 detects that the reset switch 4 has been de-
pressed and outputs a control signal to the control com-
puter 200 so as to cause a standard-image to be dis-
played.
[0064] Additionally, according to the operations de-
scribed above, when the standard-image displaying
mode is switched to, the standard-image display con-
trolling means 700, by way of the control computer 200,
displays an error message on a portion of the monitor
600 (not shown) in order to inform the operator that a
malfunction has occurred.
[0065] Further, for cases in which one of the malfunc-
tions described above occurs when operating in the
standard-image displaying mode, the standard-image
display controlling means 700 performs only the display-
ing of the error message.
[0066] Still further, according to the current embodi-
ment, although the monitor 600 is of a configuration for
switching between displaying a standard-image and a
composite image, two monitors can be used, and a con-
figuration for displaying each image on one of the mon-
itors thereof, respectively, can be adopted. In this case,
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when an operational irregularity such as one of those
described above occurs, the monitor displaying the
composite-image can be caused to not display an im-
age, to display a freeze-frame image, or to display an
error message.
[0067] Also, according to the current embodiment, a
reference-light emitting means has been used, howev-
er, a reference-light emitting means can be omitted, and
instead: two autofluorescent-light images of two differ-
ent wavelength bands can be obtained from the autoflu-
orescent-light image; computations performed corre-
sponding to the ratio between each pixel value of each
image and a color data assigned to each computed-val-
ue obtained thereby, and an autofluorescent-light image
having color data can be displayed; or, a white-light
source can be used as the reference-light source, as in
the fourth embodiment described below.
[0068] In addition, aside from temperature irregulari-
ties occurring in the GaN semiconductor laser and the
reference-light source occurring in the current embodi-
ment and operational irregularities occurring in the sem-
iconductor-laser drive apparatus and the reference-light
source drive apparatus, the weakening of the intensity
or breaking down of the excitation light source with the
passage of time, the weakening of the intensity or burn-
ing out of the reference-light source (for cases in which
the reference-light source is a halogen lamp) with the
passage of time, and etc., other irregularities occurring
in the excitation light source or the reference-light
source can be detected, and in the same way as de-
scribed above, the standard-image display mode can be
switched to.
[0069] According to a fluorescent endoscope appara-
tus implementing a fluorescent-light image display ap-
paratus according to the present invention of the con-
figuration described above, when an irregularity in the
temperature of the GaN semiconductor laser 111 or the
reference-light source 117, an operational irregularity of
the GaN semiconductor laser drive apparatus 112 or the
reference-light source drive apparatus 118, or an irreg-
ularity in the emission of the excitation light or the refer-
ence-light due to a cause other than one of those de-
scribed above is detected, in response to the detection
signal from the detecting means that has detected an
operational irregularity, that is, a detection signal from
the GaN semiconductor laser temperature detecting
means 122, the reference-light source temperature de-
tecting means 124,the semiconductor laser drive appa-
ratus irregularity detecting means 123, the reference-
light source drive apparatus irregularity detecting
means 125, or the emission-output detecting means
121 that have been provided therefor, the drive appara-
tus of the white-light source 115 is turned ON and the
white-light Lw is emitted from the white-light source 114,
the movable mirror 302 is switched to the position oc-
curring in the standard-image obtaining mode, the mon-
itor 600 is switched to the standard-image display mode,
whereby a standard-image is displayed; therefore, the

standard-image display mode can be automatically
switched to, corresponding to the occurrence of one of
the operational irregularities described above, and the
endoscope insertion portion inserted into the body of a
patient can be safely removed by an operator while said
operator views a standard-image.
[0070] Next, with reference to the drawings, the sec-
ond embodiment of the present invention will be ex-
plained.
[0071] Fig. 2 is a schematic drawing of the second
embodiment of a fluorescent endoscope apparatus that
is an application of a fluorescent-light image display ap-
paratus implementing the fluorescent-light image dis-
play method according to the present invention. Note
that in so far as it is not particularly required, further ex-
planation of elements that are the same as those of the
first embodiment shown in Fig. 1 has been omitted.
[0072] The fluorescent endoscope according to the
current embodiment comprises: a excitation light shutter
130 for preventing the emission of the excitation light
and the reference-light, which has been added to the
illumination unit 110 occurring in the first embodiment;
the emission-output detecting means 121 occurring in
the first embodiment; a GaN semiconductor laser tem-
perature detecting means 122; a GaN semiconductor
laser drive apparatus irregularity detecting means 123;
a reference-light source temperature detecting means
124; a movable-mirrot position detecting means 317 for
detecting operational irregularities in the movable mirror
302; and a shutter position detecting means 140 for de-
tecting operational irregularities in the excitation light
shutter, which have been added to the image detection
unit 300 occurring in the first embodiment in lieu of the
reference light,source drive apparatus irregularity de-
tecting means 125, and a standard-image display con-
trolling means 705 for causing the apparatus to be
switched to the standard-image display mode in re-
sponse to a detection signal from the movable-mirror
position detecting means 317 or the shutter position de-
tecting means 140. The excitation light shutter 130 com-
prises a excitation light shutter 130a and an electromag-
netic valve 130b for operating the excitation light shutter
130a.
[0073] Next, with reference to the flow charts shown
in Figs. 3 and 4, the operation of a fluorescent endo-
scope implementing the fluorescent-light image display
apparatus of the configuration described above accord-
ing to the current embodiment will be described.
[0074] First, in step 10, the monitor 600 is switched to
the standard-image displaying mode. In step 11, the ex-
citation light shutter 130a is operated by the electromag-
netic valve 130b and the excitation light shutter 130 is
closed.
[0075] In step 12, a check is performed to determine
whether or not the excitation light shutter 130 is closed,
and for cases in which it is determined that the shutter
is not closed, that the excitation light shutter 130 is not
closed is detected by the shutter position detecting
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means 140, and step 13 is proceeded to. In step 13, the
detection signal of the shutter position detecting means
140 is output to the standard-image display controlling
means 705, and by way of the control computer 200, the
standard-image display controlling means 705 displays
a message on the monitor 600 indicating that an oper-
ational irregularity has occurred, and step 16 is proceed-
ed to. For cases in which the excitation light shutter is
determined to be closed, step 14 is proceeded to.
[0076] In step 14, for cases in which the semiconduc-
tor laser drive apparatus 112 and the reference-light
source drive apparatus 118 are ON (for cases in which
the standard-image display mode has been switched to
from the autofluorescent-light image display mode;
when the fluorescent endoscope is turned ON, they are
already in the OFF state), they are turned OFF. In step
15, the movable mirror 302 is operated so as to be dis-
posed in the position occurring in the standard-image
obtaining mode so that a standard-image Zw is obtained
by the standard-image imaging element 503. In step 16,
a check is preformed to determine whether or not the
movable mirror 302 has been disposed in the position
for the standard-image obtaining mode, and for cases
in which it is determined that the movable mirror has
been disposed in the position for the standard-image ob-
taining mode, step 17 is proceeded to.
[0077] In step 17, the white-light source drive appa-
ratus is turned ON. In step 18, the white-light Lw is emit-
ted from the white-light source 114, enters the white-
light guide 101a through the white-light focusing lens
116, and after being guided to the excitation lightdistal
end of the endoscope insertion portion 100, the white-
light Lw is projected onto the target subject 9 by the il-
luminating lens 103. The reflected-light of the white-light
Lw is focused by the focusing lens 105, transmitted by
the excitation light cutoff filter 104, enters the forward
end of the image fiber 102, and after passing through
the image fiber 102, enters the collimator lens 301. The
excitation light cutoff filter 104 is a long-pass filter that
transmits visible light having a wavelength of 420 nm
and longer. The reflected-light image transmitted by the
collimator 301 is reflected by the movable mirror 302
and the standard-image mirror 501, and enters the
standard-image focusing lens 502. The standard-image
transmitted by the standard-image focusing lens 502 is
obtained by the standard- image imaging element 503.
The image signal from the standard-image imaging el-
ement 503 is input to the A/D converter 504, and after
being digitized, is stored in the standard-image memory
505. The standard-image signal stored by the standard-
image memory 505 is input to the monitor 600 after be-
ing DA converted by the video signal processing circuit
506, and displayed on the monitor 600 as a visible-im-
age.
[0078] In step 16, for cases when the movable mirror
does not move to the position for obtaining a standard-
image, but remains in the position for obtaining an
autofluorescent-light image, that the movable mirror 302

has remained in the position for obtaining an autofluo-
rescent-light image is detected by the movable-mirror
position detecting means 317, and step 19 is proceeded
to. In step 19, the detection signal of the movable-mirror
position detecting means 317 is output to the standard-
image display controlling means 705, and the standard-
image display controlling means 705, by way of the con-
trol computer 200, displays a message on the monitor
600 indicating that an operational irregularity has oc-
curred in the movable mirror 302, and step 20 is pro-
ceeded to. In step 20, the white-light source drive appa-
ratus 115 is turned ON. In step 21, the monitor 600 is
switched to the composite-image displaying mode. In
step 22, by the same operation occurring in step 18, the
reflected-light of the white-light Lw enters the collimator
lens 301. Said reflected-light of the white-light Lw is
transmitted by the collimator lens 301, reflected at a right
angle by the dichroic mirror 303, and transmitted by the
half-mirror 308 at a 50% transmittance rate; then, it is
reflected at a right angle by the fluorescent-light image
mirror 313, and enters the fluorescent-light image focus-
ing lens 304. The standard-image transmitted by the flu-
orescent-light image focusing lens 304 is transmitted by
the wide-band band-pass filter 305, and obtained by the
wide-band fluorescent-light image high-sensitivity imag-
ing element 306 . The image signal from the wide-band
fluorescent-light image high-sensitivity imaging element
306 is input to the A/D converter 307, and after being
digitized, the standard-image is input to the monitor 600
after being DA converted by the video signal processing
circuit 506, and displayed on the monitor 600 as a visi-
ble-image.
[0079] In step 23, a check is performed to determine
whether or not the footswitch 2 has been depressed. For
cases in which it is determined that the footswitch 2 has
been depressed, step 24 is proceeded to. In step 24,
the white-light drive apparatus 115 is turned OFF. In step
25, the movable mirror is operated so as to be disposed
in the position for the autofluorescent-light image obtain-
ing mode, so that the wide-band fluorescent-light image
high-sensitivity imaging element 306, narrow-band flu-
orescent-light image high-sensitivity imaging element
311, and the reflected-light image imaging element 315
obtain an autofluorescent-light image Zj and a reflected-
light image Zs. In step 26, a check is performed to de-
termine whether or not the movable mirror 302 has been
disposed in the position for the autofluorescent-light im-
age obtaining mode, and for cases in which it has been
disposed in the position for the autofluorescent-light im-
age obtaining mode, step 28 is proceeded to. For cases
in which it is determined that the movable mirror 302 has
not been disposed in the position for the autofluores-
cent-light image obtaining mode and remains in the po-
sition for the standard-image obtaining mode, that the
movable mirror 302 is not disposed in the position for
the autofluorescent-image obtaining mode is detected
by the movable-mirror position detecting means 317,
and step 27 is proceeded to.
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[0080] In step 27, the detection signal from the mov-
able-mirror position detecting means 317 is output to the
standard-image display controlling means 705, and the
standard-image display controlling means 705, by way
of the control computer 200, displays a message on the
monitor 600 indicating that an operational irregularity
has occurred in the movable mirror 302, and step 17 is
returned to. In step 28, the semiconductor-laser drive
apparatus 112 and the reference-light source drive ap-
paratus 118 are turned ON. In step 29, the excitation
light shutter 130a is operated by the electromagnetic
valve 130b and the excitation light shutter 130 is
opened. In step 30, a check is performed by the shutter
position detecting means 140 to determine whether or
not the excitation light shutter 130 is open, and for cases
in which it is determined that the excitation light shutter
130 is not open, that the excitation light shutter 130 is
not open is detected by the shutter position detecting
means 140 and step 31 is proceeded to. In step 31, the
detection signal from the shutter position detecting
means 140 is output to the standard-image display con-
trolling means 705, and the standard-image display con-
trolling means 705, by way of the control computer 200,
displays a message on the monitor 600 indicating that
an operational irregularity has occurred in the excitation
light shutter 130, and step 11 is returned to. For cases
in which it has been determined that the excitation light
shutter 130 is properly opened, step 32 is proceeded to.
[0081] In step 32, the monitor 600 is switched to the
composite-image displaying mode. In step 33, the exci-
tation light Lr is emitted from the GaN semiconductor
laser 111, transmittedby the excitation light focusing
lens 113, transmitted by the dichroic mirror 120 and en-
ters the excitation light guide 101b, and after being guid-
ed to the excitation lightdistal end of the endoscope in-
sertion portion 100, said excitation light Lr is projected
onto the target subject 9 by the illuminating lens 103.
The autofluorescent-light image emitted from the target
subject 9 upon the irradiation thereof by the excitation
light Lr is focused by the focusing lens 105, transmitted
by the excitation light cutoff filter 104 and enters the for-
ward end of the image fiber 102, and after passing
through the image fiber 102 enters the collimator lens
301. The excitation light cutoff filter is a long-pass filter
that transmits all fluorescent-light having a wavelength
of 420 nm and longer. Because the excitation light Lr
has a wavelength of 410 nm, the excitation light Lr re-
flected by the target subject 9 is cutoff by the excitation
light cutoff filter 104. The autofluorescent-light image
transmitted by the collimator lens 301 is reflected at a
right angle by the dichroic mirror 303, and transmitted
at a transmittance rate of 50% and reflected at a reflect-
ance rate of 50% by the half-mirror 308.The autofluo-
rescent-light image transmitted by the half-mirror 308 is
reflected at a right angle by the fluorescent-light image
mirror 313, and focused by the wide-band fluorescent-
light image focusing lens 304. The autofluorescent-light
image transmitted by the wide-band fluorescent-light

image focusing lens 304 is transmitted by the wide-band
band-pass filter 305, and obtained by the wide-band flu-
orescent-light image high-sensitivity imaging element
306; the image signal output from the wide-band fluo-
rescent-light image high-sensitivity imaging element
306 is input to the A/D converter 307, and after being
digitized, is stored in the wide-band autofluorescent-
light image memory zone of the autofluorescent-light im-
age memory 401.
[0082] Further, the autofluorescent-light image re-
flected by the dichroic mirror 303 and the half-mirror 308
is focused by the narrow-band fluorescent-light image
focusing lens 309, transmitted by the narrow-band
band-pass filter 310, and obtained by the narrow-band
fluorescent-light image high-sensitivity imaging element
311; the image signal output from the narrow-band flu-
orescent-light image high-sensitivity imaging element
311 is input to the A/D converter 312, and after being
digitized, is stored in the narrow-band autofluorescent-
light image memory zone of the autofluorescent-light im-
age memory 401. Note that the digital data of the
autofluorescent-light image obtained by the wide-band
fluorescent-light image high-sensitivity imaging element
306 and the digital data of the autofluorescent-light im-
age obtained by the narrow-band fluorescent-light im-
age high-sensitivity imaging element 311 are stored in
respective, different zones. Note that here, the movable
mirror 302 is disposed in the position parallel to the light
axis of the autofluorescent-light image indicated by the
broken line.
[0083] Still further, the reference-light Ls is emitted
from the reference-light emitting means 117, and said
reference-light Ls is transmitted by the reference-light
focusing lens 119, reflected at a right angle by the dich-
roic mirror 120 and enters the excitation light guide
101b, and after being guided to the excitation lightdistal
end of the endoscope insertion portion 100, said refer-
ence-light Ls is projected onto the target subject 9 by
the illuminating lens 103. The reflected-light image
formed of the reflected-light reflected from the target
subject 9 upon irradiation thereof by the reference-light
Ls is focused by the focusing lens 105. The reflected-
light image transmitted by the focusing lens 105 is trans-
mitted by the excitation light cutoff filter 104 and enters
the forward end of image fiber 102, and after passing
through the image fiber 102, enters the collimator lens
301. The excitation light cutoff filter is a long-pass filter
that transmits reference-light having a wavelength of
420 nm and longer. The reflected-light image transmit-
ted by the collimator lens 301 is transmitted by the di-
chroic mirror 303, focused by the reflected-light image
focusing lens 314, and obtained by the reflected-light
image imaging element 315; the image signal output
from the reflected-light image imaging element 315 is
input to the A/D converter 316, and after being digitized,
is stored in the reflected-light image memory zone of the
autofluorescent-light image memory 402. Note that
here, the movable mirror 302 is disposed in the position
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parallel to the light axis of the reflected-light image indi-
cated by the broken line.
[0084] The autofluorescent-light image formed of two
different wavelength bands of fluorescent-light and
which is stored in the autofluorescent-light image mem-
ory 401 is subjected to computations corresponding to
the ratio between each pixel value of each image by the
autofluorescent-light image computing portion 403, and
a color data is assigned to each computed value ob-
tained thereby to form an image signal having color da-
ta, which is then output. Further, the reflected-light im-
age computing portion 404 assigns a brightness data to
eachpixel value of the reflected-light image stored in the
reflected-light image memory 402 to form an image sig-
nal having brightness data, which is then output. The
image signal output from the autofluorescent-light im-
age computing portion 403 and the image signal output
from the reflected-light image computing portion 404 are
combined by the image composing portion 405. The
composite-image composed thereof by the image com-
posing portion 405 is input to the monitor 600 after being
DA converted by the video-signal converting circuit 506,
and displayed thereon. In step 34, a check is performed
to determine whether or not the footswitch 2 for switch-
ing between the standard-image displaying mode and
the composite-image displaying mode has been de-
pressed. For cases in which it is determined that the
footswitch 2 has been depressed, step 10 is returned to.
[0085] According to the flowchart described above, in
step 12 (or, in step 30), for cases in which the shutter
30 is not closed, that is, when step 13 (or, step 31) was
proceeded to, or for cases in which the movable mirror
302 was not disposed to the position for the standard-
image obtaining mode in step 16, that is, when step 19
was proceeded to, or for cases in which the movable
mirror 302 was not disposed in the position for the
autofluorescent-light image obtaining mode in step 26,
that is, when step 27 was proceeded to, up to the point
at which the footswitch 2 is depressed in step 27, the
series of operations occurring in each step are control-
led by the control computer 200. Further, other opera-
tions are the same as those occurring in the first embod-
iment.
[0086] According to a fluorescent endoscope of the
configuration described above implementing the fluo-
rescent-light display apparatus according to the present
invention, when an operational irregularity occurs in the
excitation light shutter 130, in response to the detection
signal from the shutter position detecting means 140
provided to detect said operational irregularity, the sem-
iconductor-laser drive apparatus 112 and the reference-
light drive apparatus 118 are turned OFF, which pre-
vents the emission of the excitation light Lr and the ref-
erence-light Ls, the white-light source drive apparatus
115 is turned ON and the white-light Lw is emitted from
the white-light emitting means 114, the movable mirror
302 is switched to the position for the standard-image
obtaining mode, the monitor 600 is switched to the

standard-image displaying mode, whereby a standard-
image is displayed; therefore, the standard-image dis-
play mode can be automatically switched to, corre-
sponding to an operational irregularity occurring in the
excitation light shutter 130, and an operator can safely
remove the endoscope insertion portion from the body
of a patient while viewing a standard-image.
[0087] Further, a movable-mirror position detecting
means 317 is provided to detect that an operational ir-
regularity has occurred in the movable mirror 302 (when
the movable mirror does not switch to the position for
the standard-image obtaining mode, and remains in the
position for the auto fluorescent-light image obtaining
mode), and in response to a detection signal therefrom,
the emission of the excitation light and the reference-
light is prevented, the white-light is emitted, the image
obtaining mode is switched so that a standard-image is
obtained by the wide-band fluorescent-light image high-
sensitivity imaging element 306, the monitor 600 is
switched to the standard-image displaying mode,
whereby a standard-image is displayed; therefore, the
standard-image display mode can be automatically
switched to, corresponding to an operational irregularity
occurring in the movable mirror 302.
[0088] Next, with reference to the drawings, the third
embodiment of the present invention will be explained.
Fig. 5 is a schematic drawing of the third embodiment
of a fluorescent endoscope apparatus that is an appli-
cation of a fluorescent-light image display apparatus im-
plementing the fluorescent-light image display method
according to the present invention. Note that in so far as
it is not particularly required, further explanation of ele-
ments that are the same as those of the first embodi-
ment shown in Fig. 1 has been omitted.
[0089] The fluorescent endoscope according to the
current embodiment comprises the fluorescent endo-
scope occurring in the first embodiment with the follow-
ing modifications: the illumination unit 110 causes the
white-light to be emitted when the control line connected
to the control computer 200 is disconnected; the image
detection unit 300 and the display signal processing
means 500, in the same way as occurs in the first em-
bodiment, switch to the standard-image obtaining mode
when one of the respective control lines thereof is dis-
connected; further, a control-line disconnection detect-
ing means 800 is provided for detecting that any of the
controls from among the control lines connecting each
unit of the image signal processing portion 3 to the mon-
itor 600 and the control computer 210 is disconnected;
and a standard-image display controlling means 710 is
provided for controlling units other than a unit for which
a disconnection has been detected by the control-line
disconnection detecting means 800, so that the stand-
ard-image display mode is switched to.
[0090] Next, the operation of the fluorescent endo-
scope of the configuration described above implement-
ing the fluorescent-light image display apparatus ac-
cording to the current embodiment will be explained.
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[0091] According to the fluorescent endoscope of the
current embodiment, that any of the control lines from
among the control lines connecting each unit of the im-
age signal processing portion 3 to the monitor 600 or
the control computer 210 has been disconnected is de-
tected by the control-line disconnection detecting
means 800. Then, the detection signal thereof is output
to the standard-image display controlling means 710.
The standard-image display controlling means 710, by
way of the control computer 210, controls the units other
than the unit for which a control line disconnection has
been detected and the monitor 600 so that the standard-
image display mode is switched to.
[0092] When any of the control lines connecting each
unit and the monitor 600 to the control computer 210
becomes disconnected, the control signal thereof is de-
tected as being an OFF signal (Here, "the control signal
thereof is detected as being an OFF signal" refers to the
detection of the absence of a control signal from the con-
trol computer 210 due to a disconnection.), and at this
time, each unit and the monitor 600 operate so as to
switch to the standard- image displayingmode. That is
to say, when the control line connecting the illumination
unit 110 to the control computer 210 becomes discon-
nected and the control signal thereof becomes an OFF
signal, in response to the OFF signal, the shutter 130a
is operated by the electromagnetic valve 130b and the
excitation light shutter 130 is closed; further, the semi-
conductor-laser drive apparatus 112 and the reference-
light source drive apparatus 118 are turned OFF, which
prevents the emission of the excitation light Lr and the
reference-light Ls,. Further, the white-light source drive
apparatus 115 is turned ON, and the white-light LW is
emitted from the white-light emitting means.
[0093] Further, when the control line connecting the
image detection unit 300 to the control computer 210
becomes disconnected and the control signal thereof
becomes an OFF signal, in response to the OFF signal,
the movable mirror 302 is disposed to the position for
the standard-image obtaining mode so that the stand-
ard-image imaging element 503 can obtain a standard-
image.
[0094] Still further, when the control line connecting
the display signal processing unit 500 to the control
computer 210 becomes disconnected and the control
signal thereof becomes an OFF signal, in response to
the signal being in the OFF state, the standard-image
reflected at a right angle by the movable mirror of the
image detection unit 300 is reflected at a right angle by
the standard-image mirror 501, and enters the standard-
image focusing lens 502. The standard-image transmit-
ted by the standard-image focusing lens 502 is obtained
by the standard-image imaging element 503. The visi-
ble- image signal output from the standard-light image
imaging element 501 is input to the A/D converter 504,
and after being digitized, is stored in the standard-image
memory 505. The standard-image signal stored by the
standard-image memory 505 is DA converted by the vid-

eo-signal processing circuit 506 and output to the mon-
itor 600.
[0095] In addition, when the control line connecting
the monitor 600 to the control computer 210 becomes
disconnected and the control signal thereof becomes an
OFF signal, the standard-image displaying mode is
switched to, and based on an input signal from the dis-
play signal processing unit 500, a standard-image is dis-
played.
[0096] Additionally, when the control line connecting
the image computing unit 400 to the control computer
210 becomes disconnected and the control signal there-
of becomes an OFF signal, the processing to form a
composite image is not performed.
[0097] When a control line connecting any one of the
units and the monitor 600 to the control computer 210
becomes disconnected, the unit to which the discon-
nected control line is connected, in the same way as de-
scribed above, switches to the standard-image display-
ing mode in response to an OFF control signal; the
standard-image display controlling means causes an
OFF signal (an electrical signal conveying the same
message as if there were no control signal) to be output
from the control computer 200 to the units not connected
to the control line that has been disconnected, in re-
sponse to a detection signal from the control-line dis-
connection detecting means 800, whereby the stand-
ard-image display mode is switched to and a standard-
image is displayed. The other operations are the same
as those occurring in the first embodiment.
[0098] According to the fluorescent endoscope of the
current embodiment implementing the fluorescent-light
image display apparatus according to the present inven-
tion: the white-light source drive apparatus 115 causes,
in response to the control signal of the control line being
in the OFF state, the white-light to be emitted; the mov-
able mirror 302, switches, in response to the control sig-
nal of the control line being in the OFF state, to the
standard-image obtaining mode; the monitor 600,
switches, in response to the control signal of the control
line being in the OFF state, to the standard-image ob-
taining mode; and a OFF signal detecting means is pro-
vided for detecting that at least one control signal of the
control lines described above is in the OFF state due to
a disconnection in the control line, and in response to
the detection signal thereof, said OFF signal detecting
means outputs an OFF signal to the control lines that
have not been disconnected, and because the stand-
ard-image display mode can be switched to, a discon-
nection in a control line can be detected, and also, even
for cases in which a disconnected control line is a control
line for conveying a control signal relating to the display-
ing of a standard-image, a standard-image can be con-
tinuously displayed. Further, because a reset switch has
been provided for causing the emission of the excitation
light and of the reference-light to be prevented, the mov-
able mirror 302 to be switched to the standard-image
obtaining mode, and the monitor 600 to be switched to
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the standard-image display mode when an operational
irregularity occurs in the control computer 210, by de-
pressing the reset switch in response to an operational
irregularity occurring in the control computer 210, an op-
erator can force a standard-image to be displayed, and
safely remove the endoscope insertion portion from the
body of a patient while viewing the displayed standard-
image.
[0099] Next, with reference to the drawings, the fourth
embodiment of the present invention will be explained.
Fig. 6 is a schematic drawing of the fourth embodiment
of a fluorescent endoscope apparatus that is an appli-
cation of a fluorescent-light image display apparatus im-
plementing the fluorescent-light image display method
according to the present invention. Note that in so far as
it is not particularly required, further explanation of ele-
ments that are the same as those of the first embodi-
ment shown in Fig. 1 has been omitted.
[0100] The fluorescent endoscope according to the
current embodiment comprises an endoscope insertion
portion 150 for insertion into the body of a patient to a
position near the location of the primary nidus and areas
of suspected secondary infection, an image signal
processing portion 5 for processing the data obtained of
a target subject into an image signal, and a monitor 650
for displaying as a visible-image an image signal proc-
essed by the image signal processing portion 5. The im-
age signal processing portion 5 comprises: an illuminat-
ing unit 160 provided with two light sources, one that
emits white-light LW for obtaining standard-images, and
one that emits excitation light Lr for obtaining autofluo-
rescent-light images and reference-light Ls for obtaining
reflected-light images; an image detection unit 350 for
obtaining an autofluorescent-light image Zj formed of
two different wavelength bands of fluorescent-light emit-
ted from a target subject 9 upon the irradiation thereof
by the excitation light Lr and a reflected-light image
formed of the reflected-light reflected from the target
subject 9 upon the irradiation thereof by the reference-
light Ls, and converting the obtained images to digital
values and outputting 2-dimensional image data there-
of; an image computing unit 450 for performing a dis-
tance correction computation, and etc. from the 2-di-
mensional image data of the autofluorescent-light im-
age output from the image detection unit 350, assigning
a color data to each computed value obtained thereby,
assigning a brightness data to the 2-dimensional image
data of the reflected-light image output from the image
detection unit 350, and combining the two image data
and outputting the composite image data; a display sig-
nal processing unit 550 for digitizing the standard-image
and obtaining a 2 -dimensional image data thereof and
converting said 2-dimensional data and the output sig-
nal from the image computing unit 450 to video signals
and outputting said video signals; a standard-image dis-
play controlling means 750 connected to an AD convert-
er output irregularity detecting means 358 of the image
detecting unit 350 and an AD converter output irregular-

ity detecting means 554 of the display signal processing
unit 550, for switching, in response to a detection signal
from the AD converter output irregularity detecting
means 358 and the AD converter output irregularity de-
tecting means 554 indicating that an operational irregu-
larity has occurred in either the autofluorescent-light im-
age high-sensitivity imaging element 356 or the stand-
ard-image imaging element 107, from the image obtain-
ing portion for which an operational irregularity has been
detected to the image obtaining portion that is not oper-
ating irregularly, and causing each unit to switch to the
standard-image displaying mode; and a control compu-
ter 250 connected to each unit for controlling the oper-
ation timing thereof. Note that the AD converter output
irregularity detecting means 358 and 554 occurring in
the current embodiment detect an operational irregular-
ity occurring in either the autofluorescent-light image
high-sensitivity imaging element 356 or the standard-
image imaging element 107 as an irregular output of the
respective AD converter, and the detection signal there-
of is output to the standard-image display controlling
means 750.
[0101] The insertion portion 150 comprises a light
guide 101 extending internally to the forward end there-
of, a CCD cable 152, and an image fiber 153. An illumi-
nating lens 103 and an objective lens 106 are provided
at the forward end of the CCD cable 152 and the light
guide 101, that is, at the excitation lightdistal end of the
endoscope insertion portion 150. Further, the image fib-
er 153 is a fused quartz fiber, and a focusing lens 105
is provided at the forward end thereof. The standard-
image imaging element 107 is connected to the forward
end of the CCD cable 152, and a reflective prism 108 is
attached to said standard-image imaging element 107.
The light guide 101 comprises a composite glass fiber
white-light guide 101a and a fused quartz fiber excitation
light guide 101b bundled together in the form of an in-
tegrated cable, and the white-light guide 101a and the
excitation light guide 101b are connected to the illumi-
nation unit 160.One end of the CCD cable 152 is con-
nected to the display signal processing unit 550, and
one end of the image fiber 153 is connected to the image
detection unit 350.
[0102] The illumination unit 160 comprises: a white-
light source 114 that emits white-light Lw for obtaining
standard-images and a white-light source drive appara-
tus 115 electrically connected to said white-light source
112; a white-light focusing lens 116 for focusing the
white light emitted by said white light source 114; a GaN
semiconductor laser 111 that emits excitation light Lr for
obtaining autofluorescent-light images and a semicon-
ductor-laser drive apparatus 112 electrically connected
to said GaN semiconductor laser 111; and a excitation
light focusing lens 113 for focusing the excitation light
emitted from the GaN semiconductor laser. Further, be-
cause the white-light Lw emitted by the white-light emit-
ting means contains light of a wavelength band that can
be used as a reference-light Ls, the white-light source
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can be used as the reference-light source.
[0103] The image detection unit 350, to which the im-
age fiber 153 is connected, comprises: a fluorescent-
light collimator lens 351 for conveying in focused form
an autofluorescent-light image and a reflected-light im-
age; a excitation light cutoff filter 352 for cutting off from
the autofluorescent-light image wavelengths of light
near the wavelength of the excitation light; an optical
transmissive filter 353 for extracting the desired wave-
lengths of light from the autofluorescent-light image and
the reflected-light image transmitted by the excitation
light cutoff filter 352; a filter rotating means 354 for ro-
tating the optical transmissive filter 353; a fluorescent-
light focusing lens 355 for focusing the autofluorescent-
light image and the reflected-light image transmitted by
the optical transmissive filter 353; an autofluorescent-
light image high-sensitivity imaging element 356 for ob-
taining the autofluorescent-light image and reflected-
light image focused by the fluorescent-light focusing
lens 355; an A/D converter 357 for digitizing and output-
ting as a 2-dimensional image data the autofluorescent-
light image and the reflected-light image obtained by the
autofluorescent-light image high-sensitivity imaging el-
ement 356; and an AD converter output irregularity de-
tecting means 358 for detecting, by an irregular output
of the AD converter 357, that an operational irregularity
has occurred in the autofluorescent-light image high-
sensitivity imaging element 356.
[0104] The optical transmissive filter 353, as shown
in Fig. 7, comprises three types of band-pass filters:
band-pass filter 353a is a band-pass filter that transmits
light having a wavelength in the 430 nm-730 nm wave-
length range; band-pass filter 353b is a band-pass filter
that transmits light having a wavelength in the 430 nm-
530 nm wavelength range; and band-pass filter 353c is
a band-pass filter that transmits light having a wave-
length in the 750 nm-900 nm wavelength range.
[0105] The image computing unit 450 comprises: an
image memory 451 for storing the digitized image signal
data of an autofluorescent-light image and a reflected-
light image; an autofluorescent-light image computing
portion 452 for performing computations corresponding
to the ratio between each pixel value of the autofluores-
cent-light image formed of two different wavelength
bands of fluorescent-light and which has been stored in
the image memory 451 and deriving a computed-value
for each pixel, and assigning a color data to each of said
computed values; a reflected-light image computing
portion 453 for assigning a brightness data to each pixel
value of a reflected-light image stored in the image
memory 451; and an image composing portion 454 for
combining the image signal having color data, which is
output from the autofluorescent-light image computing
portion 452 and the image signal having brightness da-
ta, which is output from the reflected-light image com-
puting portion 453, and forming a composite-image.
[0106] The image memory 451 is formed of a narrow-
band autofluorescent-light image memory zone, a wide-

band autofluorescent-light image memory zone, and a
reflected-light image zone, which are not shown in the
figure: The autofluorescent-light image transmitted by
the optical transmissive filter 353a is stored in the wide-
band autofluorescent-light image memory zone; the
autofluorescent-light image transmitted by the optical
transmissive filter 353b is stored in the narrow-band
autofluorescent-light image memory zone; and the
autofluorescent-light image transmitted by the optical
transmissive filter 353c is stored in the reflected-light im-
age memory zone.
[0107] The display signal processing unit 550 com-
prises: an A/D converter 551 for digitizing the visible-
image signal obtained by the standard-image imaging
element 107; a standard-image memory 552 for storing
the digitized standard-image signal; and a video signal
converting circuit 553 for converting the standard-image
signal output from the standard-image memory 552 and
the composite-image signal output from the image com-
posing portion 454 to video signals; and an AD converter
output irregularity detecting means 554 for detecting, by
an irregular output of the AD converter 551, that an op-
erational irregularity has occurred in the standard-image
imaging element 107.
[0108] The monitor unit 650 is provided with a stand-
ard-image monitor 651 and a composite-image monitor
652.
[0109] Next the operation of the fluorescent endo-
scope implementing the fluorescent-light image display
apparatus according to the current embodiment de-
scribed above will be explained.
[0110] First, the operation occurring when a compos-
ite image is to be displayed using an autofluorescent-
light image formed of two different wavelength bands of
fluorescent-light and a reflected-light image will be de-
scribed.
[0111] When a fluorescent-light image formed of two
different wavelength bands of fluorescent-light is to be
obtained, the semiconductor -laser drive circuit 112 is
activated based on a signal from the control computer
250, and the excitation light Lrhaving a wavelength of
410 nm is emitted from the GaN semiconductor laser
111. The excitation light Lr is transmitted by the excita-
tion light focusing lens 113 and enters the excitation light
guide 101b, and after being guided to the excitation
lightdistal end of the endoscope insertion portion 150,
said excitation light Lr is projected onto the target sub-
ject 9 by the illuminating lens 103.
[0112] The autofluorescent-light image formed of the
fluorescent-light emitted from the target subject 9 upon
the irradiation thereof by the excitation light Lr is focused
by the focusing lens 105 and enters the forward end of
the image fiber 153, and after passing through the image
fiber, said autofluorescent-light image enters the excita-
tion light cutoff filter 352. The autofluorescent-light im-
age transmitted by the excitation light cutoff filter 352
enters the optical transmissive filter 353. Note that the
excitation light cutoff filter is a long-pass filter that trans-

33 34



EP 1 609 409 A1

19

5

10

15

20

25

30

35

40

45

50

55

mits all fluorescent-light having a wavelength of 420 nm
and longer. Because the excitation light has a wave-
length of 410 nm, the excitation light reflected from the
target subject 9 is cutoff by the excitation light cutoff filter
352 and does not enter the optical transmissive filter
353.
[0113] The control computer activates the filter rotat-
ing apparatus 354, and after the autofluorescent-image
Zj has been transmitted by the optical transmissive filter
353a, it is focused by the fluorescent-light focusing lens
355 and obtained as a wide-band autofluorescent-light
image by the wide-band autofluorescent-light image
high-sensitivity imaging element 356; the visible-image
signal output from the wide-band autofluorescent-light
image high-sensitivity imaging element 356 is input to
the A/D converter 357, and after being digitized, is
stored in the image data memory 451. Note that the
wide-band autofluorescent-light image obtained by the
wide-band autofluorescent-light image high-sensitivity
imaging element 356 is stored in the wide-band autoflu-
orescent-light image memory zone and the narrow-
band autofluorescent-light image is stored in the nar-
row-band autofluorescent-light image memory zone of
the image memory 451.
[0114] When a reflected-light image is to be obtained,
the white-light source power source is activated based
on a signal from the control computer 250, and the
white-light Lw is emitted; this white-light Lw contains ref-
erence-light Ls having a wavelength within the 750 nm-
900 nm wavelength band. The white-light Lw containing
the reference-light Ls is transmitted by the white-light
focusing lens 116 and enters the white-light guide 101a,
and after being guided to the excitation lightdistal end
of the endoscope insertion portion, it is projected onto
the target subject 9 by the illuminating lens 103.
[0115] The reflected-light image formed of the reflect-
ed-light reflected from the target subject 9 upon the ir-
radiation thereof with the white-light Lw containing the
reference-light Ls is transmitted by the focusing lens 105
and enters the forward end of the image fiber 153, and
after passing through the image fiber 153, said reflect-
ed-light image enters the excitation light cutoff filter 352.
The reflected-light image transmitted by the excitation
light cutoff filter 352 enters the optical transmissive filter
353.
[0116] The control computer activates the filter rotat-
ing apparatus 354, and after the reflected-light image
has been transmitted by the band pass filter 353c, it is
focused by the fluorescent-light focusing lens 355 and
obtained by the wide-band autofluorescent-light image
high-sensitivity imaging element 356; the image signal
output from the wide-band autofluorescent-light image
high-sensitivity imaging element 356 is input to the A/D
converter 357, and after being digitized, is stored in the
image data memory 451. Here, the band-pass filter 353c
transmits the reflected-light image formed of the reflect-
ed-light reflected from the target subject 9 upon the ir-
radiation thereof by the reference-light Ls contained in

the white-light Lw. Further, the reflected-light image ob-
tained by the wide-band autofluorescent-light image
high-sensitivity imaging element 356 is stored in the re-
flected-light image memory zone of the image memory
451. The wide-band autofluorescent-light image and the
narrow-band autofluorescent-light image stored in the
image memory 451 are subjected to computations cor-
responding to the ratio of each pixel value of each image
by the autofluorescent-light image computing portion
452, and a color data is assigned to each computed val-
ue obtained thereby to form an image signal having
color data, which is then output. Further, the reflected-
light image computing portion 453 assigns a brightness
value to each pixel value of the reflected-light image
stored in the image memory 451 to form an image signal
having brightness data, which is then output. The image
signal output from the autofluorescent-light image com-
puting portion 452 and the image signal output from the
reflected-light image computing portion 453 are com-
bined by the image composing portion 454. The com-
posite-image formed thereof by the image composing
portion 454 is DA converted by the video-signal
processing circuit 553, and input to the monitor 650 and
displayed on the composite-image monitor 652.
[0117] Next, the operation occurring when a stand-
ard-image is to be obtained will be explained. When a
normal image is to be obtained, the white-light source
drive apparatus 115 is activated based on a signal from
the control computer 250, and the white-light Lw is emit-
ted from the white-light source 114. The white-light Lw
enters the white-light guide 101a via the white-light fo-
cusing lens 116, and after being guided to the excitation
lightdistal end of the endoscope insertion portion 150,
said white-light Lw is projected onto the target subj ect
by the illuminating lens 103. The reflected-light of the
white-light Lw is focused by the objective lens 106, re-
flected by the reflective prism 108, and obtained by the
standard-image imaging element 107. The image signal
output from the standard-image imaging element 107 is
input to the A/D converter 551, and after being digitized,
is stored in the standard-image memory 552. The stand-
ard-image signal stored in the standard-image memory
552 is DA converted by the video-signal processing cir-
cuit 553, and input to the monitor 650 and displayed on
the standard-image monitor 651 as a visible-image.
[0118] The series of operations occurring when a
standard-image is to be displayed and when a compos-
ite-image is to be displayed described above are con-
trolled by the control computer 250. Note that the ob-
taining of an autofluorescent-light image, a reflected-
light image, and a standard-image are performed alter-
nately in a time-division manner.
[0119] Here, when an operational irregularity occurs
in either the wide-band autofluorescent-light image
high-sensitivity imaging element 356 or the standard-
image imaging element 107, the irregularity thereof is
detected by the AD converter output irregularity detect-
ing means 358 or the AD conventer output irregularity
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detecting means 554, and the detection signal thereof
is output to the standard-image display controlling
means 750.
[0120] When an autofluorescent-light image is to be
obtained: the standard-image controlling means, by way
of the control computer 250, turns the semiconductor-
laser drive apparatus 112 of the illumination unit 160
OFF to prevent the emission of the excitation light Lr
and turns ON the white-light source 115 to cause the
white-light to be emitted from the white-light source 114.
For cases in which the imaging element for which an
operational irregularity has been detected to have oc-
curred is the autofluorescent-light image high-sensitivity
imaging element 356, the standard-image formedof the
reflected-light of the white-light is obtained by the stand-
ard-image imaging element 107 and a standard-image
is displayed.
[0121] Further, for cases in which the imaging ele-
ment for which an operational irregularity has been de-
tected to have occurred is the standard image imaging
element 356, the standard-image formed of the reflect-
ed-light of the white-light is obtained by the wide-band
autofluorescent-light image high-sensitivity imaging el-
ement 356 and a standard-image is displayed.
[0122] Still further, when a reflected-light image or a
standard-image is to be obtained, because the emission
of the excitation light is already prevented and the white-
light is emitted, only the switching of the imaging ele-
ment, as described above, is performed, and a stand-
ard-image is displayed. Note that for cases in which the
standard-image is obtained by the wide-band autofluo-
rescent-light image high-sensitivity imaging element
356, the optical transmissive filter 353 is switched by the
standard-image display controlling means 750 to the
band-pass filter 353a, which transmits light having a
wavelength in the 430 nm-730 nm wavelength band.
Further, other operations are the same as those occur-
ring in the first embodiment.
[0123] According to the fluorescent endoscope of the
configuration described above implementing the fluo-
rescent-light image display apparatus according to the
present invention, an AD converter output irregularity
detecting means 358 and an AD converter output irreg-
ularity detecting means 554 are provided for detecting
that an operational irregularity has occurred in either the
wide-band autofluorescent-light image high-sensitivity
imaging element 356 or the standard-image imaging el-
ement 107, and in response to the detection signal
thereof, the emission of the excitation light is prevented,
the white-light is emitted, an imaging element that is not
operating irregularly is switched to and a standard-im-
age is displayed on the monitor 651; whereby, for cases
in which an operational irregularity is detected to have
occurred in an imaging element, an imaging element
that is not operating irregularly can be switched to and
it is possible to continuously display a standard-image.
[0124] Next, the fifth embodiment of the present in-
vention will be explained.

[0125] Fig. 8 is a schematic drawing of a fluorescent-
light image display apparatus implementing the fluores-
cent-light image display method according to the
present invention as implemented in a fluorescent en-
doscope. Note that elements that are the same as those
of the fourth embodiment shown in Fig. 6 are likewise
labeled, and in so far as it is not particularly required,
further explanation thereof has been omitted.
[0126] The fluorescent endoscope according to the
current embodiment comprises an endoscope insertion
portion 260 for insertion into the body of a patient to a
position near the location of the primary nidus and areas
of suspected secondary infection, an image signal
processing portion 6 for processing the data obtained of
a target subject into an image signal, and a monitor 650
for displaying as a visible-image an image signal proc-
essed by the image signal processing portion 6. The im-
age signal processing portion 6 comprises: an illuminat-
ing unit 270 provided with three light sources, one that
emits white-light LW for obtaining standard-images, one
that emits excitation light Lr for obtaining autofluores-
cent-light images, and one that emits reference-light Ls
for obtaining reflected-light images; an image detection
unit 360 for obtaining an autofluorescent-light image Zj
formed of two different wavelength bands of fluorescent-
light emitted from a target subject 9 upon the irradiation
thereof by the excitation light Lr, and a reflected-light im-
age formed of the reflected-light reflected from the target
subject 9 upon the irradiation thereof by the reference-
light Ls, and converting the obtained images to digital
values and outputting 2-dimensional image data there-
of; an image computing unit 460 for performing a dis-
tance correction computation, and etc. from the 2-di-
mensional image data of the autofluorescent-light im-
age output from the image detection unit 350, assigning
a color data to each computed value obtained thereby,
assigning a brightness data to the 2 -dimensional image
data of the reflected-light image output from the image
detection unit 360, and combining the two image data
and outputting the composite image data; a display sig-
nal processing unit 550 for digitizing the standard-image
and obtaining a 2-dimensional image data thereof and
converting said 2-dimensional data and the output sig-
nal from the image computing unit 460 to video signals
and outputting said video signals; a standard-image dis-
play controlling means 760 connected to an AD convert-
er output irregularity detecting means 368 and an AD
converter output irregularity detecting means 369 of the
image detecting unit 360 and an AD converter output
irregularity detecting means 554 of the display signal
processing unit 550, for switching, in response to a de-
tection signal from the AD converter output irregularity
detecting means 368, 369, or 554 indicating that an op-
erational irregularity has occurred in either the fluores-
cent-light image high-sensitivity imaging element 363,
the reflected-light image imaging element 366 or the
standard-image imaging element 107, from the image
obtaining portion for which an operational irregularity
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has been detected to an image obtaining portion that is
not operating irregularly, and the standard-image dis-
playing mode to be switched to; and a control computer
280 connected to each unit for controlling the operation-
al timing thereof.
[0127] The insertion portion 260 comprises a light
guide 261 extending internally to the forward end there-
of, a CCD cable 152, and an image fiber 153. An illumi-
nating lens 103 and an objective lens 106 are provided
at the forward end of the CCD cable 152 and the light
guide 261, that is, at the excitation lightdistal end of the
endoscope insertion portion 260. Further, the image fib-
er 153 is a fused quartz fiber, and a focusing lens 105
is provided at the forward end thereof. The standard-
image imaging element 107 is connected to the forward
end of the CCD cable 152, and a reflective prism 108 is
attached to said standard-image imaging element 107.
The light guide 261 comprises a composite glass fiber
white-light guide 261a, a fused quartz fiber excitation
light guide 261b, and a composite glass fiber reference-
light guide 261c bundled together in the form of an inte-
grated cable, and the white-light guide 261a, the exci-
tation light guide 261b, and the reference-light guide
261c are connected to the illumination unit 270. One end
of the CCD cable 152 is connected to the display signal
processing unit 550, and one end of the image fiber 153
is connected to the image detection unit 350.
[0128] The illumination unit 270 comprises: a white-
light source 114 that emits white-light Lw for obtaining
standard-images and a white-light source drive appara-
tus 115 electrically connected to said white-light source
112; a white-light focusing lens 116; a GaN semiconduc-
tor laser 111 that emits excitation light Lr for obtaining
autofluorescent-light images and a semiconductor-laser
drive apparatus 112 electrically connected to said GaN
semiconductor laser 111; and a excitation light focusing
lens 113 for focusing the excitation light emitted from the
GaN semiconductor laser; a reference-light source 211
that emits reference-light Ls for obtaining reflected-light
images and a reference-light source drive apparatus
212 electrically connected to said reference-light light
source 211, and a reference-light focusing lens 213 for
focusing the reference-light emitted from the reference-
light source 211.
[0129] The image detection unit 360, to which the im-
age fiber 153 is connected, comprises: a fluorescent-
light collimator lens 351 for conveying in focused form
an autofluorescent-light image and a reflected-light im-
age transmitted thereto by said image fiber 153; a exci-
tation light cutoff filter 352 for cutting off from the autoflu-
orescent-light image wavelengths of light near the
wavelength of the excitation light; a dichroic mirror 361
that transmits light having a wavelength of 750 nm and
higher and reflects at a right angle light having a wave-
length shorter than 750 nm; a fluorescent-light image
high-sensitivity imaging element 363 provided with an
mosaic filter 362 mounted thereon for obtaining the flu-
orescent-light image transmitted by the dichroic mirror

361; an A/D converter 364 for digitizing and outputting
as a 2-dimensional image data the autofluorescent-light
image obtained by the fluorescent-light image high-sen-
sitivity imaging element 363; a reflected-image imaging
element 366 for obtaining the reflected-light image re-
flected by the dichroic mirror 361; an A/D converter 367
for digitizing and outputting as a 2-dimensional image
data the autofluorescent-light image obtained by the re-
flected-light image imaging element 366; and AD con-
verter output irregularity detecting means 368 and 369
for detecting, by irregular output of the AD converter 364
and 367, that an operational irregularity has occurred in
the fluorescent-light image high-sensitivity imaging ele-
ment 363 or the reflected-light image imaging element
366.
[0130] The mosaic filter 362, as shown in Fig. 9, com-
prises two types of microscopic optical filters: optical fil-
ter 362a is a narrow-band autofluorescent-light image
optical filter that is a band-pass filter transmitting light
having a wavelength in the 430 nm-530nm wavelength
range; and optical filter 362b is a wide-band autofluo-
rescent-light image optical filter that is a band-pass filter
transmitting light having a wavelength in the 430 nm-
730nm wavelength range. Each microscopic optical fil-
ter is in a 1:1 correspondence to the pixels of the fluo-
rescent-light image high-sensitivity imaging element
363.
[0131] The image computing unit 460 comprises: an
autofluorescent-light image memory 461 for storing the
digitized image signal data of an autofluorescent-light
image formed of two different wavelength bands of flu-
orescent-light; a reflected-light image memory 462 for
storing the digitized image data of a reflected-light im-
age; an autofluorescent-light image computing portion
463 for performing computations corresponding to the
ratio between each pixel value of the autofluorescent-
light image formed of two different wavelength bands of
fluorescent-light and which has been stored in the image
memory 461 and deriving a computed-value for each
pixel, and assigning a color data to each of said com-
puted values; a reflected-light image computing portion
464 for assigning a brightness data to each pixel value
of a reflected-light image stored in the image memory
462; and an image composing portion 465 for combining
the image signal having color data, which is output from
the autofluorescent-light image computing portion 452
and the image signal having brightness data, which is
output from the reflected-light image computing portion
453, and forming a composite-image.
[0132] The image memory 461 is formed of a narrow-
band autofluorescent-light image memory zone, a wide-
band autofluorescent-light image memory zone, which
are not shown. The fluorescent-light image obtained by
the pixels corresponding to the narrow-band autofluo-
rescent-light image optical filter 362a of the fluorescent-
light image high-sensitivity imaging element 363 is
stored in the narrow-band auto fluorescent-light image
memory zone; and the fluorescent-light image obtained
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by the pixels corresponding to the wide-band autofluo-
rescent-light image optical filter 362b of the fluorescent-
light image high-sensitivity imaging element 363 is
stored in the wide-band autofluorescent-light image
memory zone.
[0133] The display signal processing unit 550 com-
prises: an A/D converter 551 for digitizing the image sig-
nal obtained by the standard-image imaging element
107; a standard-image memory 552 for storing the dig-
itized standard-image signal; and a video signal con-
verting circuit 553 for converting the standard-image
signal output from the standard-image memory 552 and
the composite-image signal output from the image com-
posingportion 465 to video signals; and an AD converter
output irregularity detecting means 554 for detecting, by
irregular output of the AD converter 551, that an opera-
tional irregularity has occurred in the standard-image
imaging element 107.
[0134] The monitor unit 650 is provided with a stand-
ard-image monitor 651 and a composite-image monitor
652.
[0135] Next the operation of the fluorescent endo-
scope implementing the fluorescent-light image display
apparatus according to the current embodiment de-
scribed above will be explained.
[0136] First, the operation occurring when a compos-
ite image is to be displayed using an autofluorescent-
light image formed of two different wavelength bands of
fluorescent-light and a reflected-light image will be de-
scribed.
[0137] When a fluorescent-light image formed of two
different wavelength bands of fluorescent-light is to be
obtained, the semiconductor-laser drive circuit 112 is
activated based on a signal from the control computer
280 and the excitation light Lr having a wavelength of
410 nm is emitted from the GaN semiconductor laser
111. The excitation light Lr is transmitted by the excita-
tion light focusing lens 113 and enters the excitation light
guide 261b, and after being guided to the excitation
lightdistal end of the endoscope insertion portion 260,
said excitation light Lr is projected onto the target sub-
ject 9 by the illuminating lens 103.
[0138] The autofluorescent-light image formed of the
fluorescent-light emitted from the target subject 9 upon
the irradiation thereof by the excitation light Lr is focused
by the focusing lens 105 and enters the forward end of
the image fiber 153, and after passing through the image
fiber, said autofluorescent-light image enters the excita-
tion light cutoff filter 352. The autofluorescent-light im-
age transmitted by the excitation light cutoff filter 352
enters the dichroic mirror 361. Note that the excitation
light cutoff filter is a long-pass filter that transmits all flu-
orescent-light having a wavelength of 420 nm and long-
er. Because the excitation light has a wavelength of 410
nm, the excitation light reflected from the target subject
9 is cutoff by the excitation light cutoff filter 352 and does
not enter the dichroic mirror 361.
[0139] The autofluorescent-light image Zj transmitted

by the excitation light cutoff filter 352 is focused by the
fluorescent-light focusing lens 355 and enters the mo-
saic filter 362 mounted on the fluorescent-light image
high-sensitivity imaging element 363.
[0140] The fluorescent-light transmitted by the nar-
row-band autofluorescent-light image optical filter 362a
of the mosaic filter becomes a narrow-band autofluores-
cent-light image, and the fluorescent-light transmitted
by the wide-band autofluorescent-light image optical fil-
ter 362a of the mosaic filter becomes a wide-band
autofluorescent-light image.
[0141] The narrow-band autofluorescent-light image
and the wide-band autofluorescent-light image fluores-
cent-light image are obtained by the high-sensitivity im-
aging element 363; the visible-image signal output by
the fluorescent-light image high-sensitivity imaging ele-
ment 363 is input to the A/D converter 357, and after
being digitized, are stored in the autofluorescent-light
image memory 461.
[0142] The narrow-band autofluorescent-light image
and the wide-band autofluorescent-light image fluores-
cent-light image stored in the autofluorescent-light im-
age memory 461 are subj ected to computations by the
autofluorescent-light image computing portion 463 for
corresponding to the ratio between each pixel value of
each image to derive computed-value for each pixel,
and a color data is assigned to each computed-value
obtained thereby to form an image signal having color
data, which is then output.
[0143] When a reflected-light image is to be obtained,
the reference-light drive apparatus 212 is activated
based on a signal from the control computer 280 and
the reference-light Ls is emitted. The reference-light Ls
is transmitted by the reference-light focusing lens 213
and enters the reference-light guide 261c, and after be-
ing guided to the excitation lightdistal end of the endo-
scope insertion portion 260, said reference-light Ls is
projected onto the target subject 9 by the illuminating
lens 103.
[0144] The reflected-light image formed of the reflect-
ed-light reflected-from the target subject 9 upon the ir-
radiation thereof with the reference-light Ls is focused
by the focusing lens 105 and enters the forward end of
the image fiber 153, and after passing through the image
fiber 153, said reflected-light image enters the excitation
light cutoff filter 352. The reflected-light image transmit-
ted by the excitation light cutoff filter 352 enters the di-
chroic mirror 361. Because the dichroic mirror 361 re-
flects at a right angle light having a wavelength of 750
nm and longer, the reflected-light of the reference-light
is reflected, focused by the reflected-light image focus-
ing lens 365, and obtained by the reflected-light image
imaging element 366. The image signal output from the
reflected-light image imaging element 366 is input to the
A/D converter 367, and after being digitized, is stored
as a two-dimensional image data by the reflected-light
image memory 462. The reflected-light image comput-
ing portion 464 assigns a brightness data to each pixel

41 42



EP 1 609 409 A1

23

5

10

15

20

25

30

35

40

45

50

55

value of the reflected-light image stored by the reflected-
light image memory 462 to form an image signal having
brightness data, which is then output. The image signal
output from the fluorescent-light image computing por-
tion 464 and the image signal output from the reflected-
light image computing portion are combined by the im-
age composing portion 465 to form a composite-image.
The composite-image signal formed by the image com-
posing portion 465 is DA converted by the video-signal
processing circuit 553 and input to the monitor 650, and
displayed on the composite-image monitor 652.
[0145] Next, the operation occurring when a stand-
ard-image is to be obtained will be explained. When a
standard-image is to be displayed, the white-light
source drive apparatus 115 is activated based on a sig-
nal from the control computer 280 and white-light Lw is
emitted from the white-light source 114. The white-light
Lw emitted from the white-light source 114 enters the
white-light guide 261a via the white-light focusing lens
116, and after being guided to the excitation lightdistal
end of the endoscope insertion portion 260, said white-
light Lw is projected onto the target subject 9 by the il-
luminating lens 103. The reflected-light of the white-light
Lw is focused by the objective lens 106, reflected by the
reflective prism 108, and obtained by the standard-im-
age imaging element 107. The image signal output by
the standard- image imaging element 107 is input to the
A/D converter 551, and after being digitized, is stored in
the standard-image memory 552. The standard-image
signal stored by the standard-image memory 552 is DA
converted by the video signal processing circuit 553, af-
ter which it is output to the monitor 650 and displayed
on the standard-image monitor 651 as a visible-image.
[0146] The series of operations described above oc-
curring when a composite-image is to be displayed and
when a standard-image is to be displayed are controlled
by the control computer 280.
[0147] Note that, as shown in the timing chart depict-
ed in Fig. 10, in carrying out the exposing and reading
out of each of the imaging elements' output by the emit-
ting of the white-light, and the excitation light and the
reference-light, the excitation light and the reference-
light, and the white-light are controlled so as to be emit-
ted at respectively different timings: at an emission tim-
ing of a one frame interval every 1/60 sec , so as to mu-
tually not interfere, and because the excitation light and
the reference-light are of mutually different wave-
lengths, the taking of a measurement is not hindered
due to the emission of the respective other light.
[0148] Here, for cases in which an operational irreg-
ularity has occurred in the fluorescent-light image high-
sensitivity imaging element 363, the standard-image im-
aging element 107, or the reflected-light image imaging
element 366, the irregularity thereof is detected by the
AD converter output irregularity detecting means 368,
369, or 554, and the detection signal thereof is output
to the standard-image display controlling means 760.
[0149] Here, the for cases in which an autofluores-

cent-light image or a reflected-light image is to be ob-
tained, the standard-image display controlling means
760, by way of the control computer 280, turns OFF the
semiconductor-laser drive apparatus 112 and the refer-
ence-light source drive apparatus 118 of the illuminating
unit 270, thus preventing the emission of the excitation
light Lr and the reference-light Ls, and turns ON the
white-light source drive apparatus 115, causing the
white-light Lw to be emitted from the white-light source
114.
[0150] For cases in which an imaging element that
has been detected to be operating irregularly is the flu-
orescent-light image high-sensitivity imaging element
363, the standard-image formed of the reflected-light of
the white-light is obtained by the standard-image imag-
ing element 107, and the standard-image displayed.
[0151] For cases in which the standard-image imag-
ine element 107 is also operating irregularly, the stand-
ard-image formed of the reflected-light of the white-light
is obtained by the reflected-light image imaging element
366, and the standard-image displayed.
[0152] Further, for cases in which an imaging-element
that has been detected to be operating irregularly is the
standard-image imaging element 107, the standard-im-
age formed of the reflected-light of the white-light is ob-
tained by the fluorescent-light image imaging element
363, and the standard-image displayed; for cases in
which the fluorescent-light image imaging element 363
is also operating irregularly, the standard-image formed
of the reflected-light of the white-light is obtained by the
reflected-light image imaging element 366, and the
standard-image displayed.
[0153] Still further, for cases in which an imaging-el-
ement that has been detected to be operating irregularly
is the reflected-light image imaging element 366, the
standard-image formed of the reflected-light of the
white-light is obtained by the standard-image imaging
element 107, and the standard-image displayed; for
cases in which the standard image imaging element 107
is also operating irregularly, the standard-image formed
of the reflected-light of the white-light is obtained by the
fluorescent-light image imaging element 363, and the
standard-image displayed.
[0154] According to the fluorescent endoscope of the
configuration described above implementing the fluo-
rescent-light image display apparatus according to the
present invention, AD converter output irregularity de-
tecting means 368, 369, and 554 are provided for de-
tecting that an operational irregularity has occurred in
any of imaging elements from among the fluorescent-
light image high-sensitivity imaging element 363, the
standard-image imaging element 107, and the reflect-
ed-light image imaging element 366, and in response to
the detection signal thereof, the emission of the excita-
tion light and of the reference-light is prevented, the
white-light is emitted, an imaging element that is not op-
erating irregularly is switched to and a standard-image
is displayed on the monitor 651; whereby; for cases in
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which an operational irregularity is detected to have oc-
curred in an imaging element, an imaging element that
is not operating irregularly can be switched to and it is
possible to continuously display a standard-image.
Moreover, because the apparatus is equipped with three
imaging elements, the standard-image can be continu-
ously displayed with a higher degree of reliability with
as many as two of the three imaging elements operating
irregularly.
[0155] According to the fourth and fifth embodiments
described above, the fluorescent-light image imaging el-
ement and the reflected-light image imaging element
are not housed within the image signal processing por-
tion, and can be disposed at the excitation lightdistal end
of the endoscope insertion portion. A drawing of such a
configuration is shown in Fig. 11. The endoscope inser-
tion portion 170 is provided with a fluorescent-light CCD
cable 174 extending internally to the forward end there-
of. The fluorescent-light image high-sensitivity imaging
element 171 and the reflected-light image imaging ele-
ment 172 are connected to the forward end of the fluo-
rescent-light CCD cable 174; and a reflecting prism 173
which transmits a reflected image of a reference light
and reflects at a right angle fluorescent light of the ex-
citation light is mounted there between target excitation
light. The fluorescent-light image focused by the focus-
ing lens 105 is reflected by the reflective prism 173, and
obtained by the fluorescent-light image high-sensitivity
imaging element 171. The reflected-light image formed
of the reflected-light reflected from the target subject 9
upon the irradiation thereof by the reference-light LS is
transmitted by the reflective prism 173, and obtained by
the reflected-light image imaging element 172. The ob-
tained autofluorescent-light image and reflected-light
image are output to the image processing portion
through the fluorescent-light CCD cable 174. Note that
when a fluorescent endoscope of such a configuration
is implemented in the fourth embodiment, the fluores-
cent-light image high-sensitivity imaging element 171
must be provided with the mosaic filter 362 mounted
thereon occurring in the fifth embodiment.
[0156] Further, the monitor from among the standard-
image monitor 651 and the composite-image monitor
652 that has been displaying the image obtained by an
imaging element that has been detected to be operating
irregularly can be caused to not display an image, to dis-
play a freeze-frame image, or to display an error mes-
sage indicating that an operational irregularity of an im-
aging element has occurred.
[0157] Still further, regarding themethodof displaying
a composite image, although the standard-image mon-
itor 651 and the composite-image monitor 652 are pro-
vided for displaying separate images, a single monitor
combining the functions for displaying both images can
be used. In this case, the method of switching between
the displaying of a standard-image and a composite-im-
age can be performed automatically in a time series
manner controlled by the control computer, or can be a

method whereby the displaying of the images is
switched at will by an operator through an appropriate
switching means. Further, the standard-image and the
composite-image can be superposed and displayed.
[0158] Additionally, the image fiber 153 can be formed
of a composite glass fiber instead of a fused quartz fiber.
Here, because fluorescent-light is emitted from the com-
posite fiber upon the irradiation thereof to the excitation
light, a excitation light cutoff filter 352 must be disposed
between the focusing lens 105 and the autofluorescent-
light image input face of the image fiber 153. By switch-
ing from a fused quartz fiber to a composite glass fiber,
the cost of the apparatus can be reduced.
[0159] Further still, although an operational irregular-
ity occurring in an imaging element has been detected
by an output irregularity of the respective AD converter,
it is also possible to detect an operational irregularity
occurring in an imaging element as an irregular electric
drive-current occurring in the imaging element drive cir-
cuit (not shown). Further, a configuration wherein both
an operational irregularity occurring in the output of an
AD converter and an irregularity in the drive-current of
an imaging element drive circuit are detected can be
adopted.
[0160] In addition, according to each of the embodi-
ments described above, the computational processing
performed by the autofluorescent-light image comput-
ing portion, the reflected-light image computing portion,
and the image composing portion is not limited to being
performed for each pixel position: the computational
processing can be performed for pixel units correspond-
ing to binning processing carried out by the fluorescent-
light image high-sensitivity imaging element; or a hori-
zontal x vertical block (nxm) of pixels desired by an op-
erator. Alternatively, computational processing can be
performed only on a pixel area specified by an operator,
or, a selection of pixel areas determined based on con-
sideration of the volume of computation required for
processing.
[0161] Further, for cases in which there are pixel re-
gions for which computational processing has not been
performed, by displaying said regions in a predeter-
mined color, the regions for which computational
processing has been performed can be clearly dis-
played. For cases in which the pixel regions to be sub-
jected to computational processing have been spaced
apart, etc., compensated displaying can be performed
based on the results of the computational processing
performed for adjacent regions.
[0162] Still further, as to the excitation light source,
any excitation light source producing excitation light
having a wavelength in the 400 nm-420 nm wavelength
range can be adopted.
[0163] Even further still, although the excitation light
source and the white-light source have been provided
as separate light sources, by use of an appropriate op-
tical filter, the light source can be made into a combined
light source.
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[0164] Also, the fluorescent-light image display appa-
ratus according to the present invention can also be im-
plemented in an apparatus for detecting the fluorescent-
light emitted from a target subject, which has absorbed
a fluorescent diagnostic chemical, upon the irradiation
thereof by a excitation light.

1. A method of displaying a fluorescent-light image
comprising

irradiating a target area with an illuminating
light and a excitation light that has been emitted
from a excitation light emitting means and guided
to said target area,

obtaining, by use of a single image obtaining
means provided with separate image obtaining por-
tions for obtaining a fluorescent-light image and a
standard-image, respectively, a fluorescent-light
image formed of the fluorescent-light emitted from
the target area upon the irradiation thereof by the
excitation light and a standard- image formed of the
reflected-light reflected from the target area upon
the irradiation thereof by the illuminating light, and

displaying a fluorescent-light image based on
the obtained fluorescent-light image and a stand-
ard-image based on the obtained standard-image,
further comprising

detecting that an operational irregularity has
occurred in the excitation light emitting means, and
in response to a detection signal thereof,

emitting the illuminating-light,
switching the image obtaining means to a

standard-image obtaining mode,
obtaining the standard-image, and
displaying the standard-image.

2. A method of displaying a fluorescent-light image
comprising

irradiating a target area with an illuminating
light and a excitation light emitted from a excitation
light emitting means and a reference-light emitted
from a reference-light emitting means and which
have been guided to said target area,

obtaining, by use of a single image obtaining
means provided with separate image obtaining por-
tions for obtaining a fluorescent-light image, a
standard-image, and a reflected-light image, re-
spectively, a fluorescent-light image formed of the
fluorescent-light emitted from the target area upon
the irradiation thereof by the excitation light, a
standard-image formed of the reflected-light reflect-
ed from the target area upon the irradiation thereof
by the illuminating light, and a reflected-light image
formed of the reflected-light reflected from the tar-
get area upon the irradiation thereof by the refer-
ence-light, and

displaying a fluorescent-light image based on
the obtained fluorescent-light image and the ob-
tained reflected-light image and a standard-image
based on the obtained standard-image, further

comprising
detecting that an operational irregularity has

occurred in at least one of the excitation light and
reference-light emitting means, and in response to
a detection signal thereof,

emitting the illuminating-light,
switching the image obtaining means to a

standard-image obtaining mode,
obtaining the standard-image, and
displaying the standard-image.

3. A method of displaying a fluorescent-light image
comprising

irradiating a target area with an illuminating
light and a excitation light that has been emitted
from a excitation light emitting means and guided
to said target area,

obtaining, by use of a single image obtaining
means provided with separate image obtaining por-
tions for obtaining a fluorescent-light image and a
standard-image, respectively, a fluorescent-light
image formed of the fluorescent-light emitted from
the target area upon the irradiation thereof by the
excitation light and a standard-image formed of the
reflected-light reflected from the target area upon
the irradiation thereof by the illuminating light, and

displaying a fluorescent-light image based on
the obtained fluorescent-light image and a stand-
ard-image based on the obtained standard-image,
further comprising

detecting that an operational irregularity has
occurred in any one of the image obtaining portions,
and in response to a detection signal thereof,

emitting the illuminating-light,
obtaining, by use of the image obtaining por-

tion that is not operating irregularly, a standard-im-
age formed of the reflected-light reflected form the
target area upon irradiation thereof by said illumi-
nating-light, and

displaying the standard-image.
4. A method of displaying a fluorescent-light image
comprising

irradiating a target area with an illuminating
light and a excitation light emitted from a excitation
light emitting means and a reference-light emitted
from a reference-light emitting means and which
have been guided to said target area,

obtaining, by use of a single image obtaining
means provided with separate image obtaining por-
tions for obtaining a fluorescent-light image, a
standard-image, and a reflected-light image, re-
spectively, a fluorescent-light image formed of the
fluorescent-light emitted from the target area upon
the irradiation thereof by the excitation light, a
standard-image formed of the reflected-light reflect-
ed from the target area upon the irradiation thereof
by the illuminating light, and a reflected-light image
formed of the reflected-light reflected from the tar-
get area upon the irradiation thereof by the refer-
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ence-light, and
displaying a fluorescent-light image based on

the obtained fluorescent-light image and the ob-
tained reflected-light image and a standard-image
based on the obtained standard-image, further
comprising

detecting that an operational irregularity has
occurred in any one of the image obtaining portions,
and in response to a detection signal thereof,

emitting the illuminating-light,
obtaining, by use of an image obtaining por-

tion that is not operating irregularly, a standard-im-
age formed of the reflected-light reflected form the
target area upon irradiation thereof by said illumi-
nating-light, and

displaying the standard-image.
5. An apparatus for displaying a fluorescent-light
image, comprising

excitation light emitting means for emitting a
excitation light,

illuminating-light emitting means for emitting
an illuminating-light,

light guiding means for guiding the excitation
light and the illuminating-light to a target area,

a single image obtaining means provided with
separate image obtaining portions for obtaining a
fluorescent-light image formed of the fluorescent-
light emitted from the target area upon the irradia-
tion thereof by the excitation light and a standard-
image formed of the reflected-light reflected from
the target area upon the irradiation thereof by the
illuminating light, respectively,

display means for displaying a fluorescent-
light image based on the obtained fluorescent-light
image and a standard-image based on the obtained
standard-image,

an image display controlling means for con-
trolling the excitation light emitting means, the illu-
minating-light emitting means, the image obtaining
means, and the display means, further comprising

excitation light irregularity detecting means
for detecting that an operational irregularity has oc-
curred in the excitation light emitting means, and

a standard-image display controlling means
for causing, in response to a detection signal from
said excitation light irregularity detecting means,
the illuminating-light to be emitted from the illumi-
nating-light emitting means, the image obtaining
means to switch to a standard-image obtaining
mode, and the display means to switch to the stand-
ard-image display mode.
6. An apparatus for displaying a fluorescent-light
image, comprising

excitation light emitting means for emitting a
excitation light,

illuminating-light emitting means for emitting
an illuminating-light,

reference-light emitting means for emitting a

reference-light,
light guiding means for guiding the excitation

light, the illuminating-light, and the reference-light
to a target area,

a single image obtaining means provided with
separate image obtaining portions for obtaining a
fluorescent-light image formed of the fluorescent-
light emitted from the target area upon the irradia-
tion thereof by the excitation light, a standard-image
formed of the reflected-light reflected from the tar-
get area upon the irradiation thereof by the illumi-
nating light, and a reflected-light image formed of
the reflected-light reflected from the target area up-
on the irradiation thereof by the reference-light, re-
spectively,

display means for displaying a fluorescent-
light image based on the on the obtained fluores-
cent-light image and the obtained reflected-light im-
age and a standard-image based on the obtained
standard-image,

an image display controlling means for con-
trolling the excitation light emitting means, the illu-
minating-light emitting means, the reference-light
emitting means, the image obtaining means, and
the display means, further comprising

emission output irregularity detecting means
for detecting that an operational irregularity has oc-
curred in at least one from among the excitation light
emitting means and the reference-light emitting
means, and

a standard-image display controlling means
for causing, in response to a detection signal from
said emission output irregularity detecting means,
the illuminating-light to be emitted from the illumi-
nating-light emitting means, the image obtaining
means to switch to a standard-image obtaining
mode, and the display means to switch to the stand-
ard-image display mode.
7. An apparatus for displaying a fluorescent-light
image, comprising

excitation light emitting means for emitting a
excitation light,

illuminating-light emitting means for emitting
an illuminating-light,

light guiding means for guiding the excitation
light and the illuminating-light to a target area,

a single image obtaining means provided with
separate image obtaining portions for obtaining a
fluorescent-light image formed of the fluorescent-
light emitted from the target area upon the irradia-
tion thereof by the excitation light and a standard-
image formed of the reflected-light reflected from
the target area upon the irradiation thereof by the
illuminating light, respectively,

display means for displaying a fluorescent-
light image based on the on the obtained fluores-
cent-light image and a standard-image based on
the obtained standard-image,
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an image display controlling means for con-
trolling the excitation light emitting means, the illu-
minating-light emitting means, the image obtaining
means, and the display means, further comprising

image-obtainment irregularity detecting
means for detecting that an operational irregularity
has occurred in any one of the image obtaining por-
tions, and

a standard-image display controlling means
for causing, in response to a detection signal from
said image-obtainment irregularity detecting
means, the illuminating-light to be emitted from the
illuminating-light emitting means, the image obtain-
ing means to switch to the image obtaining portion
that is not operating irregularly, and the display
means to switch to the standard-image display
mode.
8. An apparatus for displaying a fluorescent-light
image, comprising

excitation light emitting means for emitting a
excitation light,

illuminating-light emitting means for emitting
an illuminating-light,

reference-light emitting means for emitting a
reference-light,

light guiding means for guiding the excitation
light, the illuminating-light, and the reference-light
to a target area,

a single image obtaining means provided with
separate image obtaining portions for obtaining a
fluorescent-light image formed of the fluorescent-
light emitted from the target area upon the irradia-
tion thereof by the excitation light, a standard-image
formed of the reflected-light reflected from the tar-
get area upon the irradiation thereof by the illumi-
nating light, and a reflected-light image formedof
the reflected-light reflected from the target area up-
on the irradiation thereof by the reference-light, re-
spectively,

display means for displaying a fluorescent-
light image based on the on the obtained fluores-
cent-light image and the obtained reflected-light im-
age and a standard-image based on the obtained
standard-image,

an image display controlling means for con-
trolling the excitation light emitting means, the illu-
minating-light emitting means, the reference-light
emitting means, the image obtaining means, and
the display means, further comprising

image-obtainment irregularity detecting
means for detecting that an operational irregularity
has occurred in any one of the image obtaining por-
tions, and

a standard-image display controlling means
for causing, in response to a detection signal from
said image-obtainment irregularity detecting
means, the illuminating-light to be emitted from the
illuminating-light emitting means, the image obtain-

ing means to switch to an image obtaining portion
that is not operating irregularly, and the display
means to switch to the standard-image display
mode.
9. An apparatus for displaying a fluorescent-light
image, comprising

excitation light emitting means for emitting a
excitation light,

illuminating-light emitting means for emitting
an illuminating-light,

light guiding means for guiding the excitation
light and the illuminating-light to a target area,

a single image obtaining means provided with
separate image obtaining portions for obtaining a
fluorescent-light image formed of the fluorescent-
light emitted from the target area upon the irradia-
tion thereof by the excitation light and a standard-
image formed of the reflected-light reflected from
the target area upon the irradiation thereof by the
illuminating light, respectively,

displaymeans for displaying a fluorescent-
light image based on the on the obtained fluores-
cent-light image and a standard- image based on
the obtained standard-image,

an image display controlling means for con-
trolling the excitation light emitting means, the illu-
minating-light emitting means, the image obtaining
means, and the display means,

a excitation light emission control line, an illu-
minating-light emission control line, an image ob-
tainment control line, and a display control line, for
electrically connecting the excitation light emitting
means, the illuminating light-emitting means, the
image obtaining means, and the display means, re-
spectively, to the image display controlling means,
wherein

the illuminating-light means emits the illumi-
nating-light in response to the control signal of the
illuminating-light emission control line being in the
OFF state,

the image obtaining means switches to a
standard-image obtaining mode in response to the
control signal of the image obtainment control line
being in the OFF state,

the display means switches to the standard-
image obtaining mode in response to the control
signal of the display control line being in the OFF
state, further comprising

a disconnection detecting means for detect-
ing that at least one control line from among the il-
luminating-light emission control line, the image ob-
tainment control line, and the display control line is
disconnected, and

a standard-image display controlling means
for causing, in response to a detection signal from
said disconnection detecting means, the control
signal of the control line of from among the illumi-
nating-light emission control line, the image obtain-
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ment emission control line, and the display control
line that have not been disconnected to be in the
OFF state.
10. An apparatus for displaying a fluorescent-light
image, comprising

excitation light emitting means for emitting a
excitation light,

illuminating-light emitting means for emitting
an illuminating-light,

reference-light emitting means for emitting a
reference-light,

light guiding means for guiding the excitation
light, the illuminating-light, and the reference-light
to a target area,

a single image obtaining means provided with
separate image obtaining portions for obtaining a
fluorescent-light image formed of the fluorescent-
light emitted from the target area upon the irradia-
tion thereof by the excitation light, a standard-image
formed of the reflected-light reflected from the tar-
get area upon the irradiation thereof by the illumi-
nating light, and a reflected-light image formed of
the reflected-light reflected from the target area up-
on the irradiation thereof by the reference-light, re-
spectively,

display means for displaying a fluorescent-
light image based on the on the obtained fluores-
cent-light image and the obtained reflected-light im-
age and a standard-image based on the obtained
standard-image,

an image display controlling means for con-
trolling the excitation light emitting means, the illu-
minating-light emitting means, the reference-light
emitting means, the image obtaining means, and
the display means, further comprising

a excitation light emission control line, an illu-
minating-light emission control line, an image ob-
tainment control line, and a display control line, for
electrically connecting the excitation light emitting
means, the illuminating light-emitting means, the
image obtaining means, and the display means, re-
spectively, to the image display controlling means,
wherein

the illuminating-light means emits the illumi-
nating-light in response to the control signal of the
illuminating-light emission control line being in the
OFF state,

the image obtaining means switches to a
standard-image obtaining mode in response to the
control signal of the image obtainment control line
being in the OFF state,

the display means switches to the standard-
image obtaining mode in response to the control
signal of the display control line being in the OFF
state, further comprising

a disconnection detecting means for detect-
ing that at least one control line from among the il-
luminating-light emission control line, the image ob-

tainment control line, and the display control line is
disconnected, and

a standard-image display controlling means
for causing, in response to a detection signal from
said disconnection detecting means, the control
signal of the control line of from among the illumi-
nating-light emission control line, the image obtain-
ment emission control line, and the display control
line that have not been short-circuited to be in the
OFF state.
11. An apparatus for displaying a fluorescent-light
image as defined in claim 5, 6, 7, 8, 9, or 10, further
comprising

input means for causing the illuminating-light
to be emitted, the image obtaining means to be
switched to the standard-image obtaining mode,
and the display means to be switched to the stand-
ard-image displaying mode when an operational ir-
regularity occurs in the image display controlling
means.
12. An apparatus for displaying a fluorescent-light
image as defined in claim 5, 6, 7, 8, 9, or 10, wherein

the display means comprises a single display
apparatus that switches between displaying the flu-
orescent-light image and the standard-image.
13. An apparatus for displaying a fluorescent-light
image as defined in claim 11, wherein

the display means is provided with a single
display apparatus that switches between displaying
the fluorescent-light image and the standard-im-
age.
14. An apparatus for displaying a fluorescent-light
image as defined in claim 5, 6, 7, 8, 9, or 10,

the display means is provided with two display
apparatuses that display a fluorescent-light image
and a standard-image, respectively.
15. An apparatus for displaying a fluorescent-light
image as defined in claim 11,

the display means is provided with two display
apparatuses that display a fluorescent-light image
and a standard-image, respectively.
16. An apparatus for displaying a fluorescent-light
image as defined in claim 7, or 8, wherein

the display apparatus is provided with two dis-
play apparatuses that display a fluorescent-light im-
age and a standard-image, respectively, and

in response to the detection signal indicating
that an operational irregularity has occurred in any
of the image obtaining portions, the display appa-
ratus, from among said two display apparatuses,
that had been displaying the image obtained by the
image obtaining portion for which an operational ir-
regularity has been detected does not display an
image.
17. An apparatus for displaying a fluorescent-light
image as defined in claim 7, or 8, wherein

the display apparatus is provided with two dis-
play apparatuses that display a fluorescent-light im-
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age and a standard-image, respectively, and
in response to the detection signal indicating

that an operational irregularity has occurred in any
of the image obtaining portions, the display appa-
ratus, from among said two display apparatuses,
that had been displaying the image obtained by the
image obtaining portion for which an operational ir-
regularity has been detected displays a freeze-
frame image.
18. An apparatus for displaying a fluorescent-light
image as defined in claim 7, or 8, wherein

the display apparatus is provided with two dis-
play apparatuses that display a fluorescent-light im-
age and a standard-image, respectively, and

in response to the detection signal indicating
that an operational irregularity has occurred in any
of the image obtaining portions, the display appa-
ratus, from among said two display apparatuses,
that had been displaying the image obtained by the
image obtaining portion for which an operational ir-
regularity has been detected displays an message
indicating that an operation irregularity has oc-
curred in an image obtaining portion.
19. An apparatus for displaying a fluorescent-light
image as defined in claim 5, 6, 7, 8, 9, or 10, wherein
the excitation light source is a GaN semiconductor
laser.

Claims

1. A method of displaying a fluorescent light image
comprising the steps of

irradiating a target area with an illuminating
light and an excitation light that has been emitted
from an excitation light emitting means, said illumi-
nating light and said excitation light being guided to
said target area,

obtaining, by use of a single image obtaining
means including separate image obtaining portions
for obtaining a fluorescent-light image and a stand-
ard image, respectively, a fluorescent-light image
formed of the fluorescent light emitted from the tar-
get area upon the irradiation thereof by the excita-
tion light and a standard image formed of the reflect-
ed light reflected from the target area upon the irra-
diation thereof by the illuminating light, and

displaying a fluorescent-light image based on
the obtained fluorescent-light image and a standard
image based on the obtained standard image,
wherein

an operational irregularity which has occurred
in an apparatus for displaying the fluorescent-light
image is detected,

the illuminating light is emitted and the image
obtaining means is switched to a standard-image
obtaining mode to obtain and display the standard
image in response to a detection signal indicating

detection of said operational irregularity, and
wherein

said target area is further irradiated with a ref-
erence light emitted from a reference-light emitting
means, said reference light being guided to said tar-
get area,

said image obtaining means includes an ad-
ditional image obtaining portion for obtaining a re-
flected-light image formed of the reflected light re-
flected from the target area upon the irradiation
thereof by the reference light,

said fluorescent-light image to be displayed is
based on the obtained fluorescent-light image and
the reflected-light image, and

said operational irregularity to be detected in-
cludes an operational irregularjty which has oc-
curred in at least one of the excitation light emitting
means and the reference-light emitting means.

2. An apparatus for displaying a fluorescent-light im-
age, comprising

an excitation-light emitting means for emitting
an excitation light,

an illuminating-light emitting means for emit-
ting an illuminating-light,

a light guided means for guiding the excitation
light and the illuminating-light to a target area,

a single image obtaining means provided with
separate image obtaining portions for obtaining a
fluorescent-light image formed of the fluorescent
light emitted from the target area upon the irradia-
tion thereof by the excitation light and a standard
image formed of the reflected light reflected from
the target area upon the irradiation thereof by the
illuminating light, respectively,

a display means for displaying a fluorescent-
light image based on the obtained fluorescent-light
image and a standard-image based on the obtained
standard-image,

an image display controlling means for con-
trolling the excitation light emitting means, the illu-
minating-light emitting means, the image obtaining
means, and the display means,

an operational irregularity detecting means
for detecting an operational irregularity which has
occurred in said apparatus, and

a standard-image display controlling means
for causing, in response to a detection signal from
said operational irregularity detecting means, the il-
luminating-light to be emitted from the illuminating-
light emitting means, the image obtaining means to
switch to a standard-image obtaining mode, and the
display means to switch to a standard-image dis-
play mode, further comprising

a reference-light emitting means for emitting
a reference light, wherein

said reference light is guided to the target area
by said light guiding means,
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said image obtaining means includes an ad-
ditional image obtaining portion for obtaining a re-
flected-light image formed of the reflected light re-
flected from the target area upon the irradiation
thereof by the reference light,

said fluorescent-light image displayed by said
display means is based on the obtained fluores-
cent-light image and the reflected-light image,

said image display controlling means further
controls said reference-light emitting means,

said operational irregularity detecting means
detects an operational irregularity which has oc-
curred in at least one of the excitation light emitting
means and the reference-light emitting means.

3. An apparatus for displaying a fluorescent-light im-
age as defined in claim 2, further comprising input
means for causing the illuminating-light emitting
means to emit the illuminating-light, the image ob-
taining means to be switched to the standard-image
obtaining mode, and the display means to be
switched to the standard-image displaying mode
when the operational irregularity is detected,
wherein

said standard-image display controlling
means causes, in response to an input signal from
the input means, the illuminating-light emitting
means to emit the illuminating-light, the image ob-
taining means to be switched to the standard-image
obtaining mode, and the display means to be
switched to the standard-image displaying mode.

4. An apparatus for displaying a fluorescent-light im-
age as defined in claim 2 or 3, wherein

the display means comprises a single display
apparatus that switches between displaying the flu-
orescent-light image and the standard-image.

5. An apparatus for displaying a fluorescent-light im-
age as defined in claim 2 or 3, wherein

the display means comprises two display ap-
paratuses that display a fluorescent-light image and
a standard image, respectively.

6. An apparatus for displaying a fluorescent-light im-
age as defined in any of claims 2 to 5, wherein the
excitation light emitting means is a GaN semicon-
ductor laser.
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