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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to an apparatus for dis-
playing fluorescence information, wherein excitation light
is irradiated to aregion of interestin a living body, intrinsic
fluorescence produced by an intrinsic dye in the living
body is detected, and information in accordance with
characteristics of the intrinsic fluorescence is displayed.

Description of the Related Art

[0002] There have heretofore been proposed fluores-
cence information displaying techniques utilizing charac-
teristics such that, in cases where excitation light having
wavelengths falling within an excitation wavelength
range for an intrinsic dye in a living body is irradiated to
the living body, an intensity of fluorescence produced by
theintrinsic dye in the living body varies for normal tissues
and diseased tissues. With the proposed fluorescence
information displaying techniques, excitation light having
predetermined wavelengths is irradiated to a region of
interest in a living body, the fluorescence produced by
an intrinsic dye in the living body is detected, and the
location and the infiltration range of diseased tissues are
displayed as a fluorescence image.

[0003] Ordinarily, when excitation light is irradiated to
aregion of interest in a living body, the fluorescence hav-
ing a high intensity is produced by normal tissues, and
the fluorescence having a low intensity is produced by
diseased tissues. Therefore, by measurement of the flu-
orescence intensity, a judgment as to the state of a dis-
ease is capable of being made.

[0004] Basically, apparatuses for displaying fluores-
cence information comprise excitation light irradiating
means for irradiating excitation light, which has wave-
lengths falling within an excitation wavelength range for
anintrinsic dye in aliving body, to the living body, imaging
means for detecting fluorescence produced by the intrin-
sic dye in the living body and forming a fluorescence im-
age of the living body, and image displaying means for
receiving the output from the imaging means and dis-
playing the fluorescence image. In many cases, the ap-
paratuses for displaying fluorescence information take
on the form built in endoscopes, which are inserted into
the body cavities, colposcopes, operating microscopes,
or the like.

[0005] However, the aforesaid apparatuses for dis-
playing fluorescence information have the problems de-
scribed below. Specifically, since a regionin a living body
has protrusions and recesses, the distance between the
light source of the excitation light irradiating means and
the region of interest in the living body is not uniform.
Therefore, ordinarily, the irradiance of the excitation light
at the living body portion, which is exposed to the exci-
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tation light, is non-uniform. The intensity of fluorescence
is approximately in proportion to the irradiance of the ex-
citation light, and the irradiance of the excitation light at
the portion, which is exposed to the excitation light, is in
inverse proportion to the square of the distance between
the light source of the excitation light irradiating means
and the portion, which is exposed to the excitation light.
Accordingly, the problems occur in that diseased tissues,
which are located close to the light source, produce the
fluorescence having a higher intensity than the intensity
of the fluorescence produced by normal tissues, which
are located remote from the light source. The problems
also occur in that the intensity of the fluorescence from
normal tissues, which are located at a position inclined
with respect to the excitation light, becomes markedly
low. Thus if the irradiance of the excitation light is non-
uniform, the intensity of the fluorescence will vary in ac-
cordance with the level of the irradiance of the excitation
light, and therefore an error will often be made in the
judgment of the state of a disease.

[0006] A fluorescence imaging technique has been
proposed in, for example, "Fluorescence Imaging of Ear-
ly Lung Cancer," Annual International Conference of the
IEEE Engineering in Medicine and Biology Society, Vol.
12, No. 3, 1990. With the proposed technique, the fluo-
rescence, which is produced by an intrinsic dye in an
region of interest in a living body when the region of in-
terest is exposed to excitation light, is separated into an
intensity of the green wavelength region (hereinbelow
referred to as the "green region intensity G") and an in-
tensity of the red wavelength region (hereinbelow re-
ferred to as the "red region intensity R"). An image oper-
ation is then performed in accordance with division of the
red region intensity R and the green region intensity G
by each other, and the results of the division are dis-
played. The proposed technique utilizes the findings in
that the spectrum of the fluorescence produced by nor-
mal tissues is different from the spectrum of the fluores-
cence produced by diseased tissues. Specifically, when
the spectrum of the fluorescence, which is produced by
the intrinsic dye at normal tissues in the living body, and
the spectrum of the fluorescence, which is produced by
the intrinsic dye at diseased tissues in the living body,
are compared with each other, in particular, the intensity
of the green region of the spectrum obtained from the
diseased tissues is markedly lower than the intensity of
the green region of the spectrum obtained from the nor-
mal tissues. Therefore, the degree of reduction in the
intensity of the green region intensity G of the fluores-
cence, which is produced from the diseased tissues, as
compared with the intensity of the green region intensity
G of the fluorescence produced from the normal tissues,
is markedly higher than the degree of reduction in the
intensity of the red region intensity R of the fluorescence,
which is produced from the diseased tissues, as com-
pared with the intensity of the red region intensity R of
the fluorescence produced from the normal tissues.
Therefore, only the fluorescence from the diseased tis-



3 EP 1 097 670 B1 4

sues can be specifically extracted by the division of R/G
and can be displayed as an image.

[0007] Specifically, with the proposed technique, the
term of the fluorescence intensity depending upon the
distance between the excitation light source and the re-
gion of interest in the living body and the distance be-
tween the region of interest in the living body and the
fluorescence receiving means is canceled, and informa-
tion reflecting only the difference in fluorescence spec-
trum pattern is obtained.

[0008] However, heretofore, research has not been
conducted sufficiently with respect to a combination of
detection wavelengths, at which the difference between
the pattern of afluorescence spectrum obtained from nor-
mal tissues and the pattern of a fluorescence spectrum
obtained from diseased tissues occurs markedly. There-
fore, there have been the problems in that a desirable
combination of detection wavelengths cannot be pre-
sented with numerical values.

[0009] WO 99/37204 A discloses to detect light inten-
sity of fluorescence components which have wave-
lengths greater than 630 nm.

[0010] WO 90/12536 A discloses an apparatus for dis-
playing fluorescence information in which components
having wavelengths of 680 nm and 470 nm are consid-
ered.

[0011] WO 93/13403 A discloses a fluorescence en-
doscope which takes into account specific wavelengths
of the fluorescence (635 nm and 470 nm).

[0012] US-A-5 467 767 discloses an apparatus in
which the fluorescence components having a wave-
length of about 340 nm are measured.

SUMMARY OF THE INVENTION

[0013] The primary object of the present invention is
to provide an apparatus for displaying fluorescence in-
formation, wherein fluorescence components having two
different wavelengths are extracted from fluorescence,
the two different wavelengths having been specified with
numerical values as an appropriate combination of de-
tection wavelengths, at which a difference between a pat-
tern of a fluorescence spectrum obtained from normal
tissues and a pattern of a fluorescence spectrum ob-
tained from diseased tissues occurs markedly, light in-
tensities of the extracted fluorescence components are
detected, and information in accordance with a ratio be-
tween the light intensities of the extracted fluorescence
components is displayed with a high reliability.

[0014] The present invention provides an apparatus
for displaying fluorescence information, comprising the
features of claim 1. Preferred embodiments are defined
by the dependent claims.

[0015] Further, in the apparatus for displaying fluores-
cence information in accordance with the present inven-
tion, the excitation light should preferably have wave-
lengths falling within the range of 380nm to 420nm, which
range is apart from the characteristic peak light intensity
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of the fluorescence produced from normal tissues of the
living body. Furthermore, in the first apparatus for dis-
playing fluorescence information in accordance with the
present invention, the excitation light irradiating means
should preferably be a GaN type of semiconductor laser.
[0016] The apparatus for displaying fluorescence in-
formation in accordance with the present invention may
be constituted so as to two-dimensionally detect a fluo-
rescence image. Alternatively, the apparatus for display-
ing fluorescence information in accordance with the
present invention may be constituted so as to detect the
fluorescence intensity with respect to each point at a site
in the living body.

[0017] Further, in the apparatus for displaying fluores-
cence information in accordance with the present inven-
tion, the displaying means may employ one of various
displaying techniques. For example, the displaying
means may be constituted so as to display the ratio be-
tween the light intensity of the fluorescence components,
which have wavelengths falling within the predetermined
wavelength region containing 480nm, and the light inten-
sity of the fluorescence components, which have wave-
lengths falling within the predetermined wavelength re-
gion containing either one of 630nm and 700nm, on a
monitor, with a printer, or the like. Alternatively, the dis-
playing means may be constituted so as to alter the tint
or the luminance of the displayed color in accordance
with the ratio between the two light intensities.

[0018] The apparatus for displaying fluorescence in-
formation in accordance with the present invention have
the effects described below.

[0019] When the excitation light is irradiated to living
body tissues, the living body tissues are excited by the
excitation light and produce the fluorescence having a
spectrum illustrated in Figure 5. It is assumed that the
thus produced fluorescence results from superposition
of the fluorescence produced by various kinds of intrinsic
dyes in the living body, such as FAD, collagen, fibronec-
tin, and porphyrin. Figure 5 shows typical fluorescence
spectra of the fluorescence produced from normal tis-
sues and the fluorescence produced from diseased tis-
sues, which fluorescence spectra have been measured
by the inventors.

[0020] Asiillustrated in Figure 5, the level and the pat-
tern of the spectrum of the fluorescence vary for the nor-
mal tissues and the diseased tissues. The level of the
fluorescence produced from the normal tissues is high
as a whole, and the level of the fluorescence produced
from the diseased tissues is low as a whole. The fluores-
cence spectrum obtained from the normal tissues has a
peak spectral intensity at a region in the vicinity of 480nm,
which region is a blue region. The fluorescence spectrum
obtained from the diseased tissues has a peak spectral
intensity at a region in the vicinity of 630nm, which region
is a red region, and a peak spectral intensity at a region
in the vicinity of 700nm.

[0021] Figure 6 is a graph showing a distribution of
ratios of spectral intensities at respective wavelengths of
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a fluorescence spectrum, which is obtained from normal
tissues, to a spectral intensity of an entire measurement
wavelength region width, which spectral intensity is taken
as 1, and a distribution of ratios of spectral intensities at
respective wavelengths of a fluorescence spectrum,
which is obtained from diseased tissues, to a spectral
intensity of the entire measurement wavelength region
width, which spectral intensity is taken as 1. As illustrated
in Figure 6, the distributions of the spectral intensity ratios
more clearly manifest the difference between the pattern
of the fluorescence spectrum of the fluorescence pro-
duced from the normal tissues and the pattern of the flu-
orescence spectrum of the fluorescence produced from
the diseased tissues.

[0022] In accordance with Figure 5 and Figure 6, the
inventors studied about an appropriate combination of
detection wavelengths, at which the difference between
the pattern of the fluorescence spectrum obtained from
the normal tissues and the pattern of the fluorescence
spectrum obtained from the diseased tissues occurs
markedly.

[0023] As a result, it has been found that, in cases
where the light intensity at the wavelength region in the
vicinity of 480nm and the light intensity at the wavelength
region in the vicinity of 630nm or in the vicinity of 700nm
are detected, the ratio between the two detected light
intensities markedly represents the difference between
the pattern of the fluorescence spectrum obtained from
the normal tissues and the pattern of the fluorescence
spectrum obtained from the diseased tissues.

[0024] Specifically, the light intensity at the predeter-
mined wavelength region containing 480nm, at which a
high light intensity is obtained characteristically from the
normal tissues, and the light intensity at the predeter-
mined wavelength region containing 630nm or 700nm,
atwhich ahigh lightintensity is obtained characteristically
from the diseased tissues, are detected from the fluores-
cence having been detected from the measuring site,
whose tissue state is unknown. Also, the information in
accordance with the ratio between the two detected light
intensities is displayed. In such cases, a person, who
sees the displayed information, is capable of presuming
whether the tissues at the measuring site are the normal
tissues or the diseased tissues.

[0025] As described above, with the apparatus for dis-
playing fluorescence information in accordance with the
present invention, the excitation light is irradiated to the
measuring site in the living body, the excitation light caus-
ing the measuring site to produce the fluorescence. Also,
the light intensity of the fluorescence components of the
fluorescence produced by the measuring site is detected,
which fluorescence components have wavelengths fall-
ing within the predetermined wavelength region contain-
ing either one of 630nm and 700nm. Thereafter, the in-
formation in accordance with the ratio between the two
detected light intensities is displayed. Therefore, with the
apparatus for displaying fluorescence information in ac-
cordance with the present invention, the information hav-
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ing enhanced reliability is capable of being displayed.
[0026] Also, from the results of analysis made on the
fluorescence spectra illustrated in Figure 5 and Figure 6,
it has been found that, if the width of the predetermined
wavelength region containing 480nm is broader than
480nm = 70nm, the ratio of the light intensity at the pre-
determined wavelength region detected from the dis-
eased tissues to the light intensity at the predetermined
wavelength region detected from the normal tissues will
become high. Further, it has been found that, if the width
of the predetermined wavelength region containing
630nm is broader than 630nm = 70nm, or if the width of
the predetermined wavelength region containing 700nm
is broader than 700nm = 70nm, the ratio of the light in-
tensity at the predetermined wavelength region detected
from the diseased tissues to the light intensity at the pre-
determined wavelength region detected from the normal
tissues will become low. Therefore, with the first appa-
ratus for displaying fluorescence information in accord-
ance with the present invention, wherein the first wave-
length selecting means selects the fluorescence compo-
nents of the fluorescence produced by the measuring
site, which fluorescence components have wavelengths
falling within the predetermined wavelength region of ei-
ther one of 630nm =+ at most 70nm and 700nm *+ at most
70nm, the light intensity ratio having reliability enhanced
even further is capable of being obtained.

[0027] Further, with the apparatus for displaying fluo-
rescence information in accordance with the present in-
vention, wherein the excitation light has wavelengths fall-
ing within the range of 380nm to 420nm that is apart from
the region in the vicinity of 480nm, at which the light in-
tensity of the fluorescence produced from the normal tis-
sues becomes characteristically high, the fluorescence
having the fluorescence spectrum of a desirable pattern
is capable of being produced, and therefore the reliability
of the displayed information is capable of being en-
hanced. Furthermore, with the first apparatus for display-
ing fluorescence information in accordance with the
present invention, wherein the GaN type of semiconduc-
tor laser is employed as the excitation light irradiating
means, the size of the apparatus is capable of being kept
small, and the cost of the apparatus is capable of being
kept low.

[0028] As illustrated in Figure 5, the level and the pat-
tern of the spectrum of the fluorescence vary for the nor-
mal tissues and the diseased tissues. The level of the
intrinsic fluorescence produced from the normal tissues
is high as a whole, and the level of the intrinsic fluores-
cence produced from the diseased tissues is low as a
whole. The fluorescence spectrum obtained from the nor-
mal tissues has a peak spectral intensity at a region in
the vicinity of 480nm, which region is the blue region.
However, at the region in the vicinity of 480nm, only slight
fluorescence is produced from the diseased tissues.
From Figure 5, it can be found that the wavelengths, at
which the difference between the spectral intensity of the
fluorescence spectrum obtained from the normal tissues
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and the spectral intensity of the fluorescence spectrum
obtained from the diseased tissues occurs markedly, are
the wavelengths in the vicinity of 480nm, and the wave-
length of 480nm is desirable as the center wavelength
of the detection wavelengths.

[0029] Also, in experiments made by the inventors and
with respect to a plurality of patients, fluorescence spec-
tra of the fluorescence produced from diseased tissues
and the fluorescence produced from normal tissues lo-
cated in the vicinity of the diseased tissues were detect-
ed. Thereafter, from each of the fluorescence spectra,
light intensities at various measurement wavelength re-
gions having different widths and having their centers at
480nm were calculated. With respect to each of the
widths of the measurement wavelength regions, the ratio
of the light intensity of the fluorescence produced from
the diseased tissues to the light intensity of the fluores-
cence produced from the normal tissues was calculated.
From the calculations, the results shown in Figure 11
were obtained.

[0030] From the results shown in Figure 11, it can be
found that, in cases where the width of the measurement
wavelength region is at most 100nm, i.e. in cases where
the measurement wavelength region is 480nm = at most
50nm, little change occurs in the ratio of the light intensity
of the fluorescence produced from the diseased tissues
to the light intensity of the fluorescence produced from
the normal tissues. Also, it can be found that, in cases
where the width of the measurement wavelength region
is 150nm, the ratio of the light intensity of the fluorescence
produced from the diseased tissues to the light intensity
of the fluorescence produced from the normal tissues
becomes high and close to 1, and the contrast between
the fluorescence produced from the normal tissues and
the fluorescence produced from the diseased tissues be-
comes low. Therefore, it can be found desirable to extract
the fluorescence components having wavelengths falling
within the wavelength region width of at most 140nm
around the wavelength of 480nm, i.e. the wavelengths
falling within the wavelength region of 480nm *+ at most
70nm, at which wavelength region little increase occurs
with the ratio of the light intensity of the fluorescence
produced from the diseased tissues to the light intensity
of the fluorescence produced from the normal tissues.
[0031] Further, from the results of experiments, it has
been found that the wavelength corresponding to the
peak spectral intensity in the fluorescence spectrum of-
ten varies slightly for different persons and different
measuring sites in a single person, and therefore the light
intensity at the wavelength region, which at least contains
450nm to 480nm, should be detected.

[0032] Figure 6 shows the distribution of ratios of spec-
tral intensities at respective wavelengths of the fluores-
cence spectrum, which is obtained from the normal tis-
sues, to the spectral intensity of the entire measurement
wavelength region width, which spectral intensity is taken
as 1, and the distribution of ratios of spectral intensities
at respective wavelengths of the fluorescence spectrum,
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which is obtained from the diseased tissues, to the spec-
tral intensity of the entire measurement wavelength re-
gion width, which spectral intensity is taken as 1. In cases
where the ratios of the spectral intensities at respective
wavelengths of the fluorescence spectrum to the spectral
intensity of the entire measurement wavelength region
width are calculated, adverse effects of a difference in
measurement conditions, such as a measurement dis-
tance, can be eliminated. Therefore, the distributions of
the spectral intensity ratios manifest the difference be-
tween the pattern of the fluorescence spectrum of the
fluorescence produced from the normal tissues and the
pattern of the fluorescence spectrum of the fluorescence
produced from the diseased tissues. The fluorescence
spectrum obtained from the normal tissues has the peak
spectral intensity at the region in the vicinity of 480nm.
The fluorescence spectrum obtained from the diseased
tissues has the peak spectral intensity at the region in
the vicinity of 630nm, and the peak spectral intensity at
the region in the vicinity of 700nm.

[0033] Inaccordance with Figure 6, the inventors stud-
ied about measurement wavelengths and measurement
wavelength region width, at which the difference between
the pattern of the fluorescence spectrum obtained from
the normal tissues and the pattern of the fluorescence
spectrum obtained from the diseased tissues occurs
markedly. The study was made in the same manner as
that described above and by setting the center wave-
lengths at 480nm, 630nm, and 700nm. Figure 12 shows
the results obtained from experiments, in which the cent-
er wavelength was set at 480nm, the measurement
wavelength region width was set at various different val-
ues, the ratio of the light intensity of each measurement
wavelength region width to the light intensity of the entire
measurement wavelength region width was calculated
with respect to each of the fluorescence produced from
the normal tissues and the fluorescence produced from
the diseased tissues, and the ratio of the thus calculated
light intensity ratio for the diseased tissues to the thus
calculated light intensity ratio for the normal tissues was
calculated.

[0034] As aresult, from the study made with the spec-
tral intensity ratio distribution, as in the study made with
the spectral intensity distribution, in cases where the
center wavelength is 480nm, it has been found desirable
to extract the fluorescence components having wave-
lengths falling within the wavelength region width of at
most 140nm around the wavelength of 480nm, i. e. the
wavelengths falling within the wavelength region of
480nm = at most 70nm and at least containing 450nm
to 480nm, at which wavelength region little increase oc-
curs with the ratio of the light intensity of the fluorescence
produced from the diseased tissues to the light intensity
of the fluorescence produced from the normal tissues
and the contrast between the fluorescence produced
from the normal tissues and the fluorescence produced
from the diseased tissues does not become low.

[0035] Also, though not shown, in cases where the
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center wavelength is set at 630nm, it has been found
desirable to extract the fluorescence components having
wavelengths falling within the wavelength region of
630nm = at most 70nm and at least containing 600nm
to 630nm. Further, in cases where the center wavelength
is set at 700nm, it has been found desirable to extract
the fluorescence components having wavelengths falling
within the wavelength region of 700nm = at most 70nm
and at least containing 700nm to 710nm.

[0036] Specifically, the fluorescence components hav-
ing the wavelengths falling within the wavelength region
described above are extracted from the fluorescence
having been detected from the measuring site, whose
tissue state is unknown, and the light intensity of the ex-
tracted fluorescence components is detected. Also, the
information in accordance with the detected light intensity
is displayed. In such cases, a person, who sees the dis-
played information, is capable of accurately presuming
whether the tissues at the measuring site are the normal
tissues or the diseased tissues.

[0037] Asdescribed above, with the apparatus for dis-
playing fluorescence information in accordance with the
present invention, the excitation light is irradiated to the
measuring site in the living body, the excitation light caus-
ing the measuring site to produce the fluorescence. Also,
the light intensity B of the fluorescence components of
the fluorescence produced by the measuring site, which
fluorescence components have wavelengths falling with-
in the wavelength region of 480nm = at most 70nm and
at least containing 450nm to 480nm, can be detected.
Further, the information in accordance with the light in-
tensity B is displayed. Therefore, with the apparatus for
displaying fluorescence information in accordance with
the present invention, the information having enhanced
reliability is capable of being displayed.

[0038] With the apparatus for displaying fluorescence
information in accordance with the present invention, the
excitation light is irradiated to the measuring site in the
living body, the excitation light causing the measuring
site to produce the fluorescence. Also, the light intensity
W of the fluorescence components of the fluorescence
produced by the measuring site, which fluorescence
components have wavelengths falling within the entire
measurement wavelength region, is detected. Further,
at least one light intensity is detected, the at least one
light intensity being selected from among the light inten-
sity B’ of the fluorescence components of the fluores-
cence produced by the measuring site, which fluores-
cence components have wavelengths falling within the
wavelength region of 630nm *+ at most 70nm and at least
containing 600nm to 630nm, and the light intensity R2 of
the fluorescence components of the fluorescence pro-
duced by the measuring site, which fluorescence com-
ponents have wavelengths falling within the wavelength
region of 700nm = at most 70nm and at least containing
700nmto 710nm. Furthermore, the information in accord-
ance with the ratio between the at least one selected light
intensity and the lightintensity W is displayed. Therefore,
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with the third method of displaying fluorescence informa-
tion and the third apparatus for displaying fluorescence
information in accordance with the present invention, ad-
verse effects of fluctuations in spectral intensity due to
fluctuations in measurement conditions, such as the
measurement distance and the measurement angle, are
capable of being reduced, and the information having
enhanced reliability, which represents the feature of the
spectrum pattern, is capable of being displayed.

[0039] With the apparatus for displaying fluorescence
information in accordance with the present invention, the
excitation light is irradiated to the measuring site in the
living body, the excitation light causing the measuring
site to produce the fluorescence. Also, the light intensity
B of the fluorescence components of the fluorescence
produced by the measuring site, which fluorescence
components have wavelengths falling within the wave-
length region of 480nm = at most 70nm and at least
containing 450nm to 480nm, can be detected. Further,
the light intensity W of the fluorescence components of
the fluorescence produced by the measuring site, which
fluorescence components have wavelengths falling with-
in the entire measurement wavelength region, is detect-
ed. Furthermore, at least one light intensity is detected,
the at least one light intensity being selected from among
the light intensity B’ of the fluorescence components of
the fluorescence produced by the measuring site, which
fluorescence components have wavelengths falling with-
in the wavelength region of 630nm = at most 70nm and
at least containing 600nm to 630nm, and the light inten-
sity R2 of the fluorescence components of the fluores-
cence produced by the measuring site, which fluores-
cence components have wavelengths falling within the
wavelength region of 700nm = at most 70nm and at least
containing 700nm to 710nm. Also, the information in ac-
cordance with the light intensity B and the ratio between
the at least one light intensity, which is selected from
among the light intensities B’, R1, and R2, and the light
intensity W is displayed. Therefore, with the fourth meth-
od of displaying fluorescence information and the fourth
apparatus for displaying fluorescence information in ac-
cordance with the present invention, the information hav-
ing enhanced reliability, which represents the character-
istics of the spectral intensity and the spectrum pattern,
is capable of being displayed.

[0040] Since each of the light intensity detecting
means is provided with the image sensor for two-dimen-
sionally detecting the fluorescence produced by the
measuring site and forming a fluorescence image, the
information concerning the fluorescence over a wide
range is capable of being displayed quickly.

[0041] When each of the light intensity detecting
means is provided with the fluorescence acquiringmeans
for acquiring the fluorescence, which is produced by a
single point at a site in the living body, the information
concerning the fluorescence produced from a desired
point at the site is capable of being displayed.

[0042] When the excitation light has the wavelengths
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falling within the range of 380nm to 420nm that is apart
from the region in the vicinity of 480nm, at which region
the light intensity of the fluorescence produced from nor-
mal tissues takes the characteristically large value, the
fluorescence with the fluorescence spectrum in a desir-
able pattern is capable of being produced, and the reli-
ability of the displayed information is capable of being
enhanced. Furthermore, the GaN type of semiconductor
laser is employed as the excitation light irradiating
means, the size of the apparatus is capable of being kept
small, and the cost of the apparatus is capable of being
kept low.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043]

Figure 1 is a schematic view showing an endoscope
system, in which a first embodiment of the apparatus
for displaying fluorescence information in accord-
ance with the present invention is employed,
Figure 2 is a schematic view showing a mosaic filter,
which is employed in the first embodiment,

Figure 3 is a schematic view showing an endoscope
system, in which a second embodiment of the appa-
ratus for displaying fluorescence information in ac-
cordance with the present invention is employed,
Figure 4 is a schematic view showing a change-over
filter, which is employed in the second embodiment,
Figure 5 is a graph showing spectral intensity distri-
butions of fluorescence spectra of fluorescence pro-
duced from normal tissues and fluorescence pro-
duced from diseased tissues,

Figure 6 is a graph showing spectral intensity ratio
distributions of fluorescence spectra of fluorescence
produced from normal tissues and fluorescence pro-
duced from diseased tissues,

Figure 7 is a schematic view showing an endoscope
system, in which a third embodiment of the appara-
tus for displaying fluorescence informationin accord-
ance with the present invention is employed,
Figure 8 is a schematic view showing a mosaic filter,
which is employed in the third embodiment,

Figure 9 is a schematic view showing an endoscope
system, in which a fourth embodiment of the appa-
ratus for displaying fluorescence information in ac-
cordance with the present invention is employed,
Figure 10 is a schematic view showing a change-
over filter, which is employed in the fourth embodi-
ment,

Figure 11 is a graph showing relationship between
a width of a measurement wavelength region and a
ratio of light intensity of fluorescence produced from
diseased tissues to light intensity of fluorescence
produced from normal tissues, and

Figure 12 is a graph showing relationship between
a width of a measurement wavelength region and a
ratio of a light intensity ratio, which has been calcu-
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lated from fluorescence produced from diseased tis-
sues and with respect to a set measurement wave-
length region width and an entire measurement
wavelength region, to a light intensity ratio, which
has been calculated from fluorescence produced
from normal tissues and with respect to the set meas-
urement wavelength region width and the entire
measurement wavelength region.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0044] The present invention will hereinbelow be de-
scribed in further detail with reference to the accompa-
nying drawings.

[0045] All embodiments comprising light intensity de-
tecting means for detecting light intensity of fluorescence
components having wavelengths falling within a wave-
length region of 480nm +/- 70nm are of explanatory na-
ture and do not constitute a portion of the invention.
[0046] Firstly, an endoscope system, in which a first
embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, will be described hereinbelow with reference
to Figure 1 and Figure 2. Figure 1 is a schematic view
showing the endoscope system, in which the first em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed. In the endoscope system, in which the first
embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, excitation light is irradiated to a measuring
site in a living body, the excitation light causing the meas-
uring site to produce fluorescence. The fluorescence pro-
duced from the measuring site is two-dimensionally de-
tected with an image fiber and received by a high-sensi-
tivity image sensor. Also, light intensity B of fluorescence
components of the fluorescence, which fluorescence
components have wavelengths falling within a wave-
length region of 480nm=70nm, and light intensity R of
fluorescence components of the fluorescence, which flu-
orescence components have wavelengths falling within
awavelength region of 630nm=70nm, are detected. Fur-
ther, an R-to-B ratio is calculated, and information in ac-
cordance with the results of the calculation is displayed.
[0047] The endoscope system, in which the first em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, comprises an endoscope 100 to be inserted
into a region of a patient, which region is considered as
being a diseased part, and an illuminating unit 110 pro-
vided with light sources for producing white light, which
is used when an ordinary image is to be displayed, and
the excitation light, which is used when fluorescence in-
formation is to be displayed. The endoscope system also
comprises an R-to-B ratio calculating unit 120 for receiv-
ing the fluorescence, which is produced from the meas-
uring site in the living body when the measuring site is
exposed to the excitation light, and calculating the R-to-
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B ratio. The endoscope system further comprises a com-
parison unit 130 for comparing a reference value, which
has been stored previously, and the calculated R-to-B
ratio with each other and feeding out a signal in accord-
ance with the results of the comparison. The endoscope
system still further comprises an image processing unit
140 for performing image processing for displaying the
ordinary image and the results of the comparison as vis-
ible images. The endoscope system also comprises a
controller 150, which is connected to the respective units
and controls operation timings. The endoscope system
further comprises a monitor 170 for displaying the ordi-
nary image information, which has been obtained from
the image processing performed by the image process-
ing unit 140, as a visible image, and a monitor 180 for
displaying the results of the comparison, which have
been obtained from the image processing performed by
the image processing unit 140.

[0048] A light guide 101, a CCD cable 102, and an
image fiber 103 extend in the endoscope 100 up to a
leading end of the endoscope 100. An illuminating lens
104 is located at a leading end of the light guide 101, i.e.
at the leading end of the endoscope 100. An objective
lens 105 is located at a leading end of the CCD cable
102, i.e. at the leading end of the endoscope 100. The
image fiber 103 is constituted of quartz glass fibers, a
converging lens 106 is located at a leading end of the
image fiber 103. A CCD image sensor 107 is connected
to the leading end of the CCD cable 102, and a mirror
108 is mounted on the CCD image sensor 107. The light
guide 101 comprises a white light guide 101a, which is
constituted of a compound glass fiber, and an excitation
light guide 101b, which is constituted of a quartz glass
fiber. The white light guide 101a and the excitation light
guide 101b are bundled together in a cable-like form to
constitute the light guide 101. The white light guide 101a
and the excitation light guide 101b are connected to the
illuminating unit 110. A tail end of the CCD cable 102 is
connected to the image processing unit 140. A tail end
of the image fiber 103 is connected to the R-to-B ratio
calculating unit 120.

[0049] Theilluminating unit 110 comprises a white light
source 111 for producing white light L1, which is used
when an ordinary image is to be displayed, and an electric
power source 112, which is electrically connected to the
white light source 111. Theilluminating unit 110 also com-
prises a GaN type of semiconductor laser 114 for pro-
ducing excitation light L2, which is used when fluores-
cence information is to be displayed, and an electric pow-
er source 115, which is electrically connected to the GaN
type of semiconductor laser 114.

[0050] The R-to-B ratio calculating unit 120 comprises
an excitation light cut-off filter 121 for filtering out light,
which has wavelengths in the vicinity of the wavelength
of the excitation light L2, from fluorescence L3 having
passed through the image fiber 103. The R-to-B ratio
calculating unit 120 also comprises a CCD image sensor
125 combined with a mosaic filter 123, which comprises
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two kinds of optical filters combined with each other in a
mosaic-like form. The R-to-B ratio calculating unit 120
further comprises an analog-to-digital converting circuit
126 for digitizing a fluorescence signal, which has been
obtained from the CCD image sensor 125. The R-to-B
ratio calculating unit 120 still further comprises a fluores-
cence image memory 127 for storing a fluorescence im-
age signal having been obtained from the analog-to-dig-
ital converting circuit 126. The R-to-B ratio calculating
unit 120 also comprises R-to-B ratio calculating means
128 for calculating the R-to-B ratio from the fluorescence
image signal having been stored in the fluorescence im-
age memory 127.

[0051] As illustrated in Figure 2, the mosaic filter 123
is constituted of optical filters 124a, 124a, ... and optical
filters 124b, 124b, ... The opticalfilters 124a, 124a, ... are
band-pass filters, which transmit only light having wave-
lengths falling within a wavelength region of
480nm=70nm. The optical filters 124b, 124b, ... are
band-pass filters, which transmit only light having wave-
lengths falling within a wavelength region of
630nm=70nm.

[0052] The comparison unit 130 comprises storage
means 131 for storing a reference value RE. The com-
parison unit 130 also comprises comparison means 132
for comparing the R-to-B ratio, which has been calculated
by the R-to-B ratio calculating means 128, and the ref-
erence value RE, which has been stored in the storage
means 131, with each other.

[0053] The reference value RE is set in accordance
with an R-to-B ratio having been calculated previously
withrespecttoliving body tissues, which have been found
as being normal tissues or diseased tissues.

[0054] The image processing unit 140 comprises an
analog-to-digital converting circuit 141 for digitizing an
image signal, which has been obtained from the CCD
image sensor 107. The image processing unit 140 also
comprises an ordinary image memory 142 for storing a
digital ordinary image signal, which has been obtained
from the analog-to-digital converting circuit 141. The im-
age processing unit 140 further comprises a video signal
processing circuit 143 for converting the image signal,
which has been received from the ordinary image mem-
ory 142, and the results of the comparison, which have
been obtained from the comparison means 132, into vid-
€o signals.

[0055] How the endoscope system, in which the first
embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, operates will be described hereinbelow. First-
ly, how the endoscope system operates when an ordinary
image is to be displayed will be described hereinbelow.
[0056] When an ordinary image is to be displayed, the
electric power source 112 for the white light source 111
is driven in accordance with a control signal fed from the
controller 150, and the white light L1 is produced by the
white light source 111. The white light L1 passes through
alens 113 and impinges upon the white light guide 101a.
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The white light L1 is guided through the white light guide
101a to the leading end of the endoscope 100, passes
through the illuminating lens 104, and is irradiated to a
measuring site 10.

[0057] The white light L1 reflected from the measuring
site 10 is converged by the objective lens 105 and re-
flected by the mirror 108, and an image of the reflected
white light L1 is formed on the CCD image sensor 107.
The image signal obtained from the CCD image sensor
107 is fed into the analog-to-digital converting circuit 141
and converted into the digital ordinary image signal. The
digital ordinary image signal is stored in the ordinary im-
age memory 142. The digital ordinary image signal is
then fed from the ordinary image memory 142 into the
video signal processing circuit 143 and converted into an
analog ordinary image signal. The thus obtained analog
ordinary image signal is fed into the monitor 170 and
used for displaying a visible image on the monitor 170.
The series of the operations described above are con-
trolled by the controller 150.

[0058] How the endoscope system operates when flu-
orescence information is to be displayed will be described
hereinbelow.

[0059] When fluorescence information is to be dis-
played, the electric power source 115 for the GaN type
of semiconductor laser 114 is driven in accordance with
a control signal fed from the controller 150, and the ex-
citation light L2 having a wavelength of 410nm is pro-
duced by the GaN type of semiconductor laser 114. The
excitation light L2 passes through a lens 116 and imping-
es upon the excitation light guide 101b. The excitation
light L2 is guided through the excitation light guide 101b
to the leading end of the endoscope 100, passes through
the illuminating lens 104, and is irradiated to the meas-
uring site 10.

[0060] When the measuring site 10 is exposed to the
excitation light L2, the fluorescence L3 is produced from
the measuring site 10. The fluorescence L3 is converged
by the converging lens 106 and impinges upon the lead-
ing end of the image fiber 103. The fluorescence L3 then
passes through the image fiber 103 and impinges upon
the excitation light cut-off filter 121.

[0061] Thereafter, the fluorescence L3 is converged
by a lens 122 and passes through the mosaic filter 123,
which is combined with the CCD image sensor 125. The
fluorescence L3 is then received by the CCD image sen-
sor 125, and a fluorescence image signal is obtained
from the CCD image sensor 125. The fluorescence im-
age signal having been obtained from the CCD image
sensor 125 is fed into the analog-to-digital converting
circuit 126 and converted into a digital fluorescence im-
age signal. The digital fluorescence image signal having
been obtained from the analog-to-digital converting cir-
cuit 126 is stored in the fluorescence image memory 127.
[0062] At this time, fluorescence image signal compo-
nents representing fluorescence components of the flu-
orescence L3, which fluorescence components have
passed through the optical filters 124a, 124a, ... of the
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mosaic filter 123, and fluorescence image signal compo-
nents representing fluorescence components of the flu-
orescence L3, which fluorescence components have
passed through the optical filters 124b, 124b, ... of the
mosaic filter 123, are stored in different memory areas
of the fluorescence image memory 127. Therefore, the
fluorescence image signal components representing the
fluorescence components, which have wavelengths fall-
ing within the wavelength region of 480nm=70nm, and
the fluorescence image signal components representing
the fluorescence components, which have wavelengths
falling within the wavelength region of 630nm=70nm, are
alternately stored in the memory areas of the fluores-
cence image memory 127.

[0063] The R-to-B ratio calculating means 128 calcu-
lates the R-to-B ratio with respect to each area of the
measuring site 10 by utilizing the fluorescence image sig-
nal components, which have been stored in adjacent ar-
eas of the fluorescence image memory 127.

[0064] The comparison means 132 compares the R-
to-B ratio, which has been calculated by the R-to-B ratio
calculating means 128 and with respect to each area of
the measuring site 10, and the reference value RE, which
has been stored in the storage means 131, with each
other.

[0065] The results of the comparison are displayed as
an image on the monitor 180. In such cases, the display
color with respect to the measured area is altered be-
tween when the R-to-B ratio is at most equal to the ref-
erence value RE and when the R-to-B ratio is higher than
the reference value RE. Therefore, the measurer is ca-
pable of instantaneously recognize the results of the
comparison.

[0066] Alternatively, instead of the comparison being
made with respect to each pixel, the comparison process-
ing may be made in units of pixels corresponding to bin-
ning processing of the CCD image sensor 125. As an-
other alternative, the comparison may be made in units
of an arbitrary pixel area, which is desired by the meas-
urer. As a further alternative, the comparison may be
made with respect to only an area specified by the meas-
urer. As a still further alternative, pixels may be thinned
out, and the comparison may then be made.

[0067] Incases where the comparison processing has
not been made with respect to a certain area, the display
color with respect to the certain area may be set at a
predetermined color. In such cases, the area having been
subjected to the comparison processing is capable of
being displayed clearly. In cases where the pixels has
been thinned out and then the comparison has been
made, the results of the comparison corresponding to
the pixels, which have been removed by the thinning-out
process, may be interpolated from the results of the com-
parison corresponding to the neighboring pixels.

[0068] As described above, in the first embodiment,
the fluorescence components of the fluorescence L3,
which fluorescence components have wavelengths fall-
ing within the wavelength region of 480nm=70nm, and
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the fluorescence components of the fluorescence L3,
which fluorescence components have wavelengths fall-
ing within the wavelength region of 630nm=70nm, are
extracted from the fluorescence L3, which is produced
from the measuring site 10 when the excitation light L2
is irradiated to the measuring site 10. Also, the light in-
tensity B of the fluorescence components, which have
wavelengths falling within the wavelength region of
480nm=70nm, and the light intensity R of the fluores-
cence components, which have wavelengths falling with-
in the wavelength region of 630nm=70nm, are detected.
Further, the R-to-B ratio is calculated and compared with
the reference value RE, and the results of the comparison
are displayed. Therefore, with the first embodiment, the
information having enhanced reliability is capable of be-
ing displayed.

[0069] Also, with the first embodiment, wherein the
GaN type of semiconductor laser 114, which produces
the excitation light L2 having a wavelength of 410nm, is
employed as the excitation light irradiating means, the
light intensity of the fluorescence is capable of being de-
tected appropriately. Further, the size of the apparatus
for displaying fluorescence information is capable of be-
ing kept small, and the cost of the apparatus is capable
of being kept low.

[0070] As illustrated in Figure 2, in the first embodi-
ment, the mosaic filter 123 is constituted of the optical
filters 124a, 124a, ... , which transmits only light having
wavelengths falling within the wavelength region of
480nm=70nm, and the optical filters 124b, 124b, ...,
which transmits only light having wavelengths falling
within the wavelength region of 630nm=70nm. Alterna-
tively, a mosaic filter, which is constituted of the optical
filters 124a, 124a, ..., the optical filters 124b, 124b, ...,
and blank areas for transmitting light having wavelengths
falling within the entire measurement wavelength region,
may be located in front of the CCD image sensor 125. In
such cases, the CCD image sensor 125 is capable of
being utilized for both the detection of the ordinary image
and the detection of the fluorescence.

[0071] Further, a CCD image sensor combined with
the aforesaid mosaic filter, which is constituted of the
optical filters 124a, 124a, ..., the optical filters 124b,
124b, ...,and the blank areas, may be located at the lead-
ing end of the endoscope 100. In such cases, the CCD
image sensor is capable of being utilized for both the
detection of the ordinary image and the detection of the
fluorescence.

[0072] Furthermore, the comparison is made as to
whether the R-to-B ratio is at most equal to the reference
value RE or higher than the reference value RE, and the
results of the comparison are displayed. Alternatively,
the ratio obtained from the division of the light intensities
of the two wavelength regions may be directly displayed.
As another alternative, each of the light intensities may
be displayed with an additive color process, and the ratio
between the light intensities may be displayed as a
change in tint on the display screen.
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[0073] An endoscope system, in which a second em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, will be described hereinbelow with reference
to Figure 3 and Figure 4. Figure 3 is a schematic view
showing the endoscope system, in which the second em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed. In the endoscope system, in which the second
embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, excitation light is irradiated to a measuring
site in a living body, the excitation light causing the meas-
uring site to produce fluorescence. The fluorescence pro-
duced from the measuring site is detected with a quartz
fiber. In this manner, the fluorescence produced from a
single point at the site in the living body is detected. Also,
light intensity B’ of fluorescence components of the flu-
orescence, which fluorescence components have wave-
lengths falling within a wavelength region of
480nm=30nm, and light intensity R’ of fluorescence
components of the fluorescence, which fluorescence
components have wavelengths falling within a wave-
length region of 630nm=+30nm, are detected. Further, an
R’-to-B’ ratio is calculated, and information in accordance
with the results of the calculation is displayed.

[0074] The endoscope system, in which the second
embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, comprises an endoscope 200 to be inserted
into a region of a patient, which region is considered as
being a diseased part, and an illuminating unit 210 pro-
vided with light sources for producing white light, which
is used when an ordinary image is to be displayed, and
the excitation light, which is used when fluorescence in-
formation is to be displayed. The endoscope system also
comprises optical path separating means 220 for sepa-
rating an optical path of the excitation light and an optical
path of measured fluorescence from each other. The en-
doscope system further comprises an R’-to-B’ ratio cal-
culating unit 230 for receiving the fluorescence, which is
produced from the measuring site in the living body when
the measuring site is exposed to the excitation light, and
calculating the R’-to-B’ ratio. The endoscope system still
further comprises a comparison unit 240 for comparing
areference value, which has been stored previously, and
the calculated R’-to-B’ ratio with each other and feeding
out a signal in accordance with the results of the com-
parison. The endoscope system also comprises an im-
age processing unit 250 for performing image processing
for displaying the ordinary image and the results of the
comparison as visible images. The endoscope system
further comprises a controller 260, which is connected
to the respective units and controls operation timings.
The endoscope system still further comprises the monitor
170 for displaying the ordinary image information, which
has been obtained from the image processing performed
by the image processing unit 250, as a visible image, and
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the monitor 180 for displaying the results of the compar-
ison, which have been obtained from the image process-
ing performed by the image processing unit 250. The
endoscope system also comprises a quartz fiber 290 for
guiding the excitation light and the fluorescence.

[0075] A light guide 201, a CCD cable 202, and a for-
ceps hole 203 extend in the endoscope 200 up to a lead-
ing end of the endoscope 200. A quartz fiber 290 extends
through the forceps hole 203. An illuminating lens 204 is
located at a leading end of the light guide 201, i. e. at the
leading end of the endoscope 200. An objective lens 205
is located at a leading end of the CCD cable 202, i.e. at
the leading end of the endoscope 200. A CCD image
sensor 206 is connected to the leading end of the CCD
cable 202, and a mirror 207 is mounted on the CCD image
sensor 206. A tail end of the light guide 201 is connected
to the illuminating unit 210. A tail end of the CCD cable
202 is connected to the image processing unit 250. A tail
end of the quartz fiber 290 is connected to the optical
path separating means 220.

[0076] Theilluminating unit210 comprises a white light
source 211 for producing white light L4, which is used
when an ordinary image is to be displayed, and an electric
power source 212, which is electrically connected to the
white light source 211. Theilluminating unit210 also com-
prises a GaN type of semiconductor laser 214 for pro-
ducing excitation light L5, which is used when fluores-
cence information is to be displayed, and an electric pow-
er source 215, which is electrically connected to the GaN
type of semiconductor laser 214.

[0077] The optical path separating means 220 is pro-
vided with a dichroic mirror 221. The dichroic mirror 221
reflects the excitation light L5 coming from the GaN type
of semiconductor laser 214 and causes the excitation
light L5 to impinge upon the quartz fiber 290. Also, the
dichroic mirror 221 transmits fluorescence L6, which has
passed through the quartz fiber 290, toward the R’-to-B’
ratio calculating unit 230.

[0078] The R’-to-B’ ratio calculating unit 230 compris-
es an excitation light cut-off filter 231 for filtering out light,
which has wavelengths in the vicinity of the wavelength
of the excitation light L5, from the fluorescence L6 having
passed through the quartz fiber 290. The R’-to-B’ ratio
calculating unit 230 also comprises a change-over filter
233 for extracting fluorescence components, which have
wavelengths falling within a desired wavelength region,
from the fluorescence L6 having passed through the ex-
citation light cut-off filter 231. The R’-to-B’ ratio calculat-
ing unit 230 further comprises a filter rotating device 235
for rotating the change-over filter 233. The R’-to-B’ ratio
calculating unit 230 still further comprises a photodetec-
tor 236 for measuring the light intensity of the fluores-
cence components having passed through the change-
over filter 233. The R’-to-B’ ratio calculating unit 230 also
comprises a measured data memory 237 for storing
measured data having been obtained from the photode-
tector 236, and R’-to-B’ ratio calculating means 238 for
calculating the R’-to-B’ ratio from the values having been

10

15

20

25

30

35

40

45

50

55

11

stored in the measured data memory 237.

[0079] Asillustrated in Figure 4, the change-over filter
233 is constituted of an optical filter 234a and an optical
filter 234b. The optical filter 234a is a band-pass filter,
which transmits only light having wavelengths falling
within a wavelength region of 480nm=30nm. The optical
filter 234b is a band-pass filter, which transmits only light
having wavelengths falling within a wavelength region of
630nm=30nm.

[0080] The comparison unit 240 comprises storage
means 241 for storing a reference value RB’. The com-
parison unit 240 also comprises comparison means 242
for comparing the R’-to-B’ ratio, which has been calcu-
lated by the R’-to-B’ ratio calculating means 238, and the
reference value RE’ , which has been stored in the stor-
age means 241, with each other.

[0081] The reference value RE’ is set in accordance
with an R’-to-B’ ratio having been calculated previously
with respectto living body tissues, which have been found
as being normal tissues or diseased tissues. The refer-
ence value RE’ has been stored previously in the storage
means 241.

[0082] The image processing unit 250 comprises an
analog-to-digital converting circuit 251 for digitizing an
image signal, which has been obtained from the CCD
image sensor 206. The image processing unit 250 also
comprises an ordinary image memory 252 for storing a
digital ordinary image signal, which has been obtained
from the analog-to-digital converting circuit 251. The im-
age processing unit 250 further comprises a video signal
processing circuit 253 for converting the image signal,
which has been received from the ordinary image mem-
ory 252, and the results of the comparison, which have
been obtained from the comparison means 242, into vid-
€o signals.

[0083] How the endoscope system, in which the sec-
ond embodiment of the apparatus for displaying fluores-
cence information in accordance with the present inven-
tion is employed, operates will be described hereinbelow.
Firstly, how the endoscope system operates when an
ordinary image is to be displayed will be described here-
inbelow.

[0084] When an ordinary image is to be displayed, the
electric power source 212 for the white light source 211
is driven in accordance with a control signal fed from the
controller 260, and the white light L4 is produced by the
white light source 211. The white light L4 passes through
a lens 213 and impinges upon the light guide 201. The
white light L4 is guided through the light guide 201 to the
leading end of the endoscope 200, passes through the
illuminating lens 204, and is irradiated to a region of in-
terest 20 containing a measuring site 11.

[0085] The white light L4 reflected from the measuring
site 11 is converged by the objective lens 205. The white
light L4 is then reflected by the mirror 207, and the direc-
tion of the optical path of the white light L4 is changed
by an angle of 90° by the mirror 207. An image of the
reflected white light L4 is formed on the CCD image sen-
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sor 206. The image signal obtained from the CCD image
sensor 206 is fed into the analog-to-digital converting
circuit 251 and converted into the digital ordinary image
signal. The digital ordinary image signal is stored in the
ordinary image memory 252. The digital ordinary image
signal is then fed from the ordinary image memory 252
into the video signal processing circuit 253 and converted
into an analog ordinary image signal. The thus obtained
analog ordinary image signal is fed into the monitor 170
and used for displaying a visible image on the monitor
170. The series of the operations described above are
controlled by the controller 260.

[0086] How the endoscope system operates when flu-
orescence information is to be displayed will be described
hereinbelow.

[0087] When fluorescence information is to be dis-
played, the electric power source 215 for the GaN type
of semiconductor laser 214 is driven in accordance with
a control signal fed from the controller 260, and the ex-
citation light L5 having a wavelength of 410nm is pro-
duced by the GaN type of semiconductor laser 214. The
excitation light L5 passes through a lens 216 and imping-
es upon the dichroic mirror 221. The excitation light L5
is reflected from the dichroic mirror 221, passes through
alens 222, and impinges upon the quartz fiber 290. The
excitation light L5 is guided through the quartz fiber 290,
which passes through the forceps hole 203 of the endo-
scope 200. The excitation light L5 is thus guided to the
vicinity of the measuring site 11 and is irradiated from
the leading end of the quartz fiber 290 to the measuring
site 11.

[0088] When the measuring site 11 is exposed to the
excitation light L5, the fluorescence L6 is produced from
the measuring site 11. The fluorescence L6 impinges up-
on the leading end of the quartz fiber 290, passes through
the quartz fiber 290 and the lens 222, and travels toward
the dichroic mirror 221. The dichroic mirror 221 has a
structure such that it transmits light entering from the left
side in Figure 3. The fluorescence L6, which has passed
through the dichroic mirror 221, passes through the ex-
citation light cut-offfilter 231 and alens 232, and impinges
upon the change-over filter 233. The excitation light cut-
offfilter 231 is along-pass filter, which transmits the entire
fluorescence having wavelengths of at least 420nm and
filters out light having wavelengths shorter than 420nm.
Since the wavelength of the excitation light L5 is 410nm,
the excitation light L5 having been reflected from the
measuring site 11 is filtered out by the excitation light cut-
off filter 231 and does not impinge upon the change-over
filter 233. In accordance with a control signal received
from the controller 260, the filter rotating device 235 is
driven, and the fluorescence L6 successively passes
through the optical filter 234a or the optical filter 234b.
The fluorescence L6, which has passed through the op-
tical filter 234a or the optical filter 234b, impinges upon
the photodetector 236, and the light intensity of the fluo-
rescence L6 is detected by the photodetector 236. Also,
in the measured data memory 237, in accordance with
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a control signal received from the controller 260, a signal
representing the light intensity B’ of the fluorescence
components of the fluorescence L6, which fluorescence
components have passed through the optical filter 234a
of the change-over filter 233, is stored in a predetermined
area of the measured data memory 237, and a signal
representing the light intensity R’ of the fluorescence
components of the fluorescence L6, which fluorescence
components have passed through the optical filter 234b
of the change-over filter 233, is stored in a different area
of the measured data memory 237.

[0089] The R’-to-B’ ratio calculating means 238 calcu-
lates the R’ -to-B’ ratio from the signals representing the
light intensity B’ and the light intensity R’ of the fluores-
cence L6 having been stored in the measured data mem-
ory 237.

[0090] The comparison means 242 compares the R’-
to-B’ratio, which has been calculated by the R’-to-B’ ratio
calculating means 238, and the reference value RE’,
which has been stored in the storage means 241, with
each other.

[0091] The results of the comparison are displayed on
the monitor 180.

[0092] As described above, in the second embodi-
ment, the fluorescence components of the fluorescence
L6, which fluorescence components have wavelengths
falling within the wavelength region of 480nm=30nm,
and the fluorescence components of the fluorescence
L6, which fluorescence components have wavelengths
falling within the wavelength region of 630nm=+30nm, are
extracted from the fluorescence L6, which has been guid-
ed through the quartz fiber 290. Also, the light intensity
B’ of the fluorescence components, which have wave-
lengths falling within the wavelength region of
480nm=30nm, and the light intensity R’ of the fluores-
cence components, which have wavelengths falling with-
in the wavelength region of 630nm=30nm, are detected.
Further, the R’-to-B’ratio is calculated and compared with
the reference value RE’ , and the results of the compar-
ison are displayed. Therefore, with the second embodi-
ment, the information having enhanced reliability is ca-
pable of being displayed.

[0093] Also,withthe second embodiment, the distance
between the measuring site 11 and the leading end of
the quartz fiber 290 is capable of being kept short. There-
fore, even if the width of the detection wavelength region
is set at a value of as short as 30nm, a sufficient light
intensity is capable of being obtained. In cases where
the width of the extracted wavelength region is thus kept
short, the information having reliability enhanced even
further is capable of being displayed.

[0094] Further, with the second embodiment, wherein
the GaN type of semiconductor laser 214, which produc-
es the excitation light L5 having a wavelength of 410nm,
is employed as the excitation light irradiating means, the
light intensity of the fluorescence is capable of being de-
tected appropriately. Further, the size of the apparatus
for displaying fluorescence information is capable of be-



23 EP 1 097 670 B1 24

ing kept small, and the cost of the apparatus is capable
of being kept low.

[0095] Furthermore, with the second embodiment, the
comparison is made as to whether the R’-to-B’ ratio is at
most equal to the reference value RE’ or higher than the
reference value RE’, and the results of the comparison
are displayed. Alternatively, the ratio obtained from the
division of the light intensities of the two wavelength re-
gions may be directly displayed. As another alternative,
each of the light intensities may be displayed with an
additive color process, and the ratio between the light
intensities may be displayed as a change in tint on the
display screen. Also, in the firstand second embodiments
described above, the fluorescence components having
wavelengths falling within the wavelength region in the
vicinity of 480nm and the fluorescence components hav-
ing wavelengths falling within the wavelength region in
the vicinity of 630nm are extracted, and the ratio between
the light intensities of the extracted fluorescence compo-
nents is calculated. Alternatively, the fluorescence com-
ponents having wavelengths falling within the wave-
length region in the vicinity of 480nm and the fluores-
cence components having wavelengths falling within the
wavelength region in the vicinity of 700nm may be ex-
tracted, and the ratio between the light intensities of the
extracted fluorescence components may be calculated.
[0096] An endoscope system, in which a third embod-
iment of the apparatus for displaying fluorescence infor-
mation in accordance with the present invention is em-
ployed, will be described hereinbelow with reference to
Figure 7 and Figure 8. Figure 7 is a schematic view show-
ing the endoscope system, in which the third embodiment
of the apparatus for displaying fluorescence information
in accordance with the present invention is employed. In
the endoscope system, in which the third embodiment of
the apparatus for displaying fluorescence information in
accordance with the present invention is employed, ex-
citation light is irradiated to a measuring site in a living
body, the excitation light causing the measuring site to
produce fluorescence. The fluorescence produced from
the measuring site is two-dimensionally detected with an
image fiber and received by a high-sensitivity image sen-
sor. Also, light intensity Ba’ of fluorescence components
of the fluorescence, which fluorescence components
have wavelengths falling within a wavelength region of
480nm=70nm, and light intensity Wa of fluorescence
components of the fluorescence, which fluorescence
components have wavelengths falling within an entire
measurement wavelength region, are detected. Further,
aBa’-to-Waratiois calculated, and information in accord-
ance with the results of the calculation is displayed. In
Figure 7, similar elements are numbered with the same
reference numerals with respect to Figure 1.

[0097] The endoscope system, in which the third em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, comprises the endoscope 100 to be inserted
into a region of a patient, which region is considered as
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being a diseased part, and the illuminating unit 110 pro-
vided with light sources for producing white light, which
is used when an ordinary image is to be displayed, and
the excitation light, which is used when fluorescence in-
formation is to be displayed. The endoscope system also
comprises a Ba’-to-Wa ratio calculating unit 320 for re-
ceiving the fluorescence, which is produced from the
measuring site in the living body when the measuring site
is exposed to the excitation light, and calculating the Ba’-
to-Wa ratio. The endoscope system further comprises a
comparison unit 330 for comparing a reference value,
which has been stored previously, and the calculated Ba’-
to-Wa ratio with each other and feeding out a signal in
accordance with the results of the comparison. The en-
doscope system still further comprises an image
processing unit 340 for performing image processing for
displaying the ordinary image and the results of the com-
parison as visible images. The endoscope system also
comprises a controller 350, which is connected to the
respective units and controls operation timings. The en-
doscope system further comprises a monitor 170 for dis-
playing the ordinary image information, which has been
obtained from the image processing performed by the
image processing unit 340, as a visible image, and a
monitor 180 for displaying the results of the comparison,
which have been obtained from the image processing
performed by the image processing unit 340. The tail end
of the image fiber 103 of the endoscope 100 is connected
to the Ba’-to-Wa ratio calculating unit 320.

[0098] The Ba’-to-Wa ratio calculating unit 320 com-
prises an excitation light cut-off filter 321 for filtering out
light, which has wavelengths falling within a wavelength
region of at most 420nm in the vicinity of the wavelength
of the excitation light L2, from the fluorescence L3 having
passed through the image fiber 103. The Ba’-to-Wa ratio
calculating unit 320 also comprises a CCD image sensor
325 combined with a mosaic filter 323, which comprises
two kinds of optical filters combined with each other in a
mosaic-like form. The Ba'-to-Waratio calculating unit 320
further comprises an analog-to-digital converting circuit
326 for digitizing a fluorescence signal, which has been
obtained from the CCD image sensor 325. The Ba'-to-
Wa ratio calculating unit 320 still further comprises a flu-
orescence image memory 327 for storing a fluorescence
image signal having been obtained from the analog-to-
digital converting circuit 326. The Ba’-to-Wa ratio calcu-
lating unit 320 also comprises Ba’-to-Wa ratio calculating
means 328 for calculating the Ba’-to-Wa ratio from the
fluorescence image signal having been stored in the flu-
orescence image memory 327.

[0099] As illustrated in Figure 8, the mosaic filter 323
is constituted of optical filters 324a, 324a, ... and blank
areas 324b, 324b, ... The optical filters 324a, 324a, ...
are band-pass filters, which transmit only light having
wavelengths falling within a wavelength region of
480nm=70nm. The blank areas 324b, 324b, ... transmit
light having wavelengths falling within the entire meas-
urement wavelength region.
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[0100] The comparison unit 330 comprises storage
means 331 for storing a reference value RE". The com-
parison unit 330 also comprises comparison means 332
for comparing the Ba’-to-Wa ratio, which has been cal-
culated by the Ba’-to-Wa ratio calculating means 328,
and the reference value RE", which has been stored in
the storage means 331, with each other.

[0101] The reference value RE" is set in accordance
with a Ba’-to-Wa ratio having been calculated previously
with respectto living body tissues, which have been found
as being normal tissues or diseased tissues.

[0102] The image processing unit 340 comprises an
analog-to-digital converting circuit 341 for digitizing an
image signal, which has been obtained from the CCD
image sensor 107. The image processing unit 340 also
comprises an ordinary image memory 342 for storing a
digital ordinary image signal, which has been obtained
from the analog-to-digital converting circuit 341. The im-
age processing unit 340 further comprises a video signal
processing circuit 343 for converting the image signal,
which has been received from the ordinary image mem-
ory 342, and the results of the comparison, which have
been obtained from the comparison means 332, into vid-
eo signals.

[0103] How the endoscope system, in which the third
embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, operates will be described hereinbelow. First-
ly, how the endoscope system operates when an ordinary
image is to be displayed will be described hereinbelow.
[0104] When an ordinary image is to be displayed, the
electric power source 112 for the white light source 111
is driven in accordance with a control signal fed from the
controller 350, and the white light L1 is produced by the
white light source 111. The white light L1 passes through
the lens 113 and impinges upon the white light guide
idea. The white light L1 is guided through the white light
guide 101a to the leading end of the endoscope 100,
passes throughtheilluminating lens 104, andis irradiated
to a measuring site 10.

[0105] The white light L1 reflected from the measuring
site 10 is converged by the objective lens 105 and re-
flected by the mirror 108, and an image of the reflected
white light L1 is formed on the CCD image sensor 107.
The image signal obtained from the CCD image sensor
107 is fed into the analog-to-digital converting circuit 341
and converted into the digital ordinary image signal. The
digital ordinary image signal is stored in the ordinary im-
age memory 342. The digital ordinary image signal is
then fed from the ordinary image memory 342 into the
video signal processing circuit 343 and converted into an
analog ordinary image signal. The thus obtained analog
ordinary image signal is fed into the monitor 170 and
used for displaying a visible image on the monitor 170.
The series of the operations described above are con-
trolled by the controller 350.

[0106] How the endoscope system operates when flu-
orescence information is to be displayed will be described
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hereinbelow.

[0107] When fluorescence information is to be dis-
played, the electric power source 115 for the GaN type
of semiconductor laser 114 is driven in accordance with
a control signal fed from the controller 350, and the ex-
citation light L2 having a wavelength of 410nm is pro-
duced by the GaN type of semiconductor laser 114. The
excitation light L2 passes through the lens 116 and im-
pinges upon the excitation light guide 101b. The excita-
tion light L2 is guided through the excitation light guide
101b to the leading end of the endoscope 100, passes
through the illuminating lens 104, and is irradiated to the
measuring site 10.

[0108] When the measuring site 10 is exposed to the
excitation light L2, the fluorescence L3 is produced from
the measuring site 10. The fluorescence L3 is converged
by the converging lens 106 and impinges upon the lead-
ing end of the image fiber 103. The fluorescence L3 then
passes through the image fiber 103 and impinges upon
the excitation light cut-off filter 321.

[0109] Thereafter, the fluorescence L3 is converged
by a lens 322 and passes through the mosaic filter 323,
which is combined with the CCD image sensor 325. The
fluorescence L3 is then received by the CCD image sen-
sor 325, and a fluorescence image signal is obtained
from the CCD image sensor 325. The fluorescence im-
age signal having been obtained from the CCD image
sensor 325 is fed into the analog-to-digital converting
circuit 326 and converted into a digital fluorescence im-
age signal. The digital fluorescence image signal having
been obtained from the analog-to-digital converting cir-
cuit 326 is stored in the fluorescence image memory 327.
[0110] Atthis time, fluorescence image signal compo-
nents representing fluorescence components of the flu-
orescence L3, which fluorescence components have
passed through the optical filters 324a, 324a, ... of the
mosaic filter 323, and fluorescence image signal compo-
nents representing fluorescence components of the flu-
orescence L3, which fluorescence components have
passed through the blank areas 324b, 324b, ... of the
mosaic filter 323, are stored in different memory areas
of the fluorescence image memory 327. Therefore, the
fluorescence image signal components representing the
fluorescence components, which have wavelengths fall-
ing within the wavelength region of 480nm=70nm, and
the fluorescence image signal components representing
the fluorescence components, which have wavelengths
falling within the entire measurement wavelength region,
are alternately stored in the memory areas of the fluo-
rescence image memory 327.

[0111] The Ba’-to-Wa ratio calculating means 328 cal-
culates the Ba’-to-Wa ratio with respect to each area of
the measuring site 10 by utilizing the fluorescence image
signal components, which have been stored in adjacent
areas of the fluorescence image memory 327.

[0112] The comparison means 332 compares the Ba’-
to-Wa ratio, which has been calculated by the Ba’-to-Wa
ratio calculating means 328 and with respectto each area
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of the measuring site 10, and the reference value RE",
which has been stored in the storage means 331, with
each other.

[0113] The results of the comparison are displayed as
an image on the monitor 180. In such cases, the display
color with respect to the measured area is altered be-
tween when the Ba’-to-Wa ratio is at most equal to the
reference value RE" and when the Ba’-to-Wa ratio is
higher than the reference value RE". Therefore, the
measurer is capable of instantaneously recognize the
results of the comparison.

[0114] Alternatively, instead of the comparison being
made with respect to each pixel, the comparison process-
ing may be made in units of pixels corresponding to bin-
ning processing of the CCD image sensor 325. As an-
other alternative, the comparison may be made in units
of an arbitrary pixel area, which is desired by the meas-
urer. As a further alternative, the comparison may be
made with respect to only an area specified by the meas-
urer. As a still further alternative, pixels may be thinned
out, and the comparison may then be made.

[0115] In cases where the comparison processing has
not been made with respect to a certain area, the display
color with respect to the certain area may be set at a
predetermined color. In such cases, the area having been
subjected to the comparison processing is capable of
being displayed clearly. In cases where the pixels has
been thinned out and then the comparison has been
made, the results of the comparison corresponding to
the pixels, which have been removed by the thinning-out
process, may be interpolated from the results of the com-
parison corresponding to the neighboring pixels.

[0116] As described above, in the third embodiment,
the fluorescence components of the fluorescence L3,
which fluorescence components have wavelengths fall-
ing within the wavelength region of 480nm=70nm, and
the fluorescence components of the fluorescence L3,
which fluorescence components have wavelengths fall-
ing within the entire measurement wavelength region,
are extracted from the fluorescence L3, which is pro-
duced from the measuring site 10 when the excitation
light L2 is irradiated to the measuring site 10. Also, the
light intensity Ba’ of the fluorescence components, which
have wavelengths falling within the wavelength region of
480nm=70nm, and the light intensity Wa of the fluores-
cence components, which have wavelengths falling with-
in the entire measurement wavelength region, are de-
tected. Further, the Ba’-to-Wa ratio is calculated and
compared with the reference value RE", and the results
of the comparison are displayed. Therefore, with the third
embodiment, the information having enhanced reliability
is capable of being displayed. Furthermore, since the Ba’-
to-Wa ratio between the light intensities is compared with
the reference value RE", adverse effects of fluctuations
in spectral intensity due to fluctuations in measurement
conditions, such as the measurement distance and the
measurement angle, are capable of being reduced, and
the information having reliability enhanced even further
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is capable of being displayed.

[0117] Also, with the third embodiment, wherein the
fluorescence L3 is detected two-dimensionally with the
CCD image sensor 325, the information concerning the
fluorescence over a wide range is capable of being dis-
played quickly.

[0118] Further, with the third embodiment, wherein the
GaN type of semiconductor laser 114, which produces
the excitation light L2 having a wavelength of 410nm, is
employed as the excitation light irradiating means, the
light intensity of the fluorescence is capable of being de-
tected appropriately. Further, the size of the apparatus
for displaying fluorescence information is capable of be-
ing kept small, and the cost of the apparatus is capable
of being kept low.

[0119] As illustrated in Figure 8, in the third embodi-
ment, the mosaic filter 323 is constituted of the optical
filters 324a, 324a, ..., which transmits only light having
wavelengths falling within the wavelength region of
480nm=*=70nm, and the blank areas 324b, 324b, ...,
which transmits light having wavelengths falling within
the entire measurement wavelength region. Alternative-
ly, a mosaic filter, which is constituted of the optical filters
324a, 3244, ..., the blank areas 324b, 324b, ..., and op-
tical filters necessary for obtaining an ordinary image,
may be located in front of the CCD image sensor 325. In
such cases, the CCD image sensor 325 is capable of
being utilized for both the detection of the ordinary image
and the detection of the fluorescence.

[0120] Furthermore, a CCD image sensor combined
with the aforesaid mosaic filter, which is constituted of
the optical filters 324a, 324a, ..., the blank areas 324b,
324b, ..., and the optical filters necessary for obtaining
an ordinary image, may be located at the leading end of
the endoscope 100. In such cases, the CCD image sen-
sor is capable of being utilized for both the detection of
the ordinary image and the detection of the fluorescence.
[0121] Also, in the third embodiment, the comparison
is made as to whether the Ba'-to-Waratio is at most equal
to the reference value RE" or higher than the reference
value RE", and the results of the comparison are dis-
played. Alternatively, the light intensities of the two wave-
length regions may be displayed with the additive color
process, and the ratio between the light intensities may
be displayed as a change in tint on the display screen.
As another alternative, the light intensities of the two
wavelength regions may be divided by each other, and
the value obtained from the division may be displayed
as a change in luminance or tint.

[0122] An endoscope system, in which a fourth em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, will be described hereinbelow with reference
to Figure 9 and Figure 10. Figure 9 is a schematic view
showing the endoscope system, in which the fourth em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed. In the endoscope system, in which the fourth
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embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, excitation light is irradiated to a measuring
site in aliving body, the excitation light causing the meas-
uring site to produce fluorescence. The fluorescence pro-
duced from the measuring site is detected with a quartz
fiber. In this manner, the fluorescence produced from a
single point at the site in the living body is detected. Also,
light intensity Bb’ of fluorescence components of the flu-
orescence, which fluorescence components have wave-
lengths falling within a wavelength region of
480nm=30nm, and light intensity Wb of fluorescence
components of the fluorescence, which fluorescence
components have wavelengths falling within the entire
measurement wavelength region, are detected. Further,
aBb’-to-Whbratio is calculated, and information in accord-
ance with the results of the calculation is displayed. In
Figure 9, similar elements are numbered with the same
reference numerals with respect to Figure 3.

[0123] The endoscope system, in which the fourth em-
bodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, comprises the endoscope 200 to be inserted
into a region of a patient, which region is considered as
being a diseased part, and the illuminating unit 210 pro-
vided with light sources for producing white light, which
is used when an ordinary image is to be displayed, and
the excitation light, which is used when fluorescence in-
formation is to be displayed. The endoscope system also
comprises the optical path separating means 220 for sep-
arating an optical path of the excitation light and an optical
path of measured fluorescence from each other. The en-
doscope system further comprises a Bb’-to-Wb ratio cal-
culating unit 430 for receiving the fluorescence, which is
produced from the measuring site in the living body when
the measuring site is exposed to the excitation light, and
calculating the Bb’-to-Wb ratio. The endoscope system
still further comprises a comparison unit 440 for compar-
ing a reference value, which has been stored previously,
and the calculated Bb’-to-Wb ratio with each other and
feeding out a signal in accordance with the results of the
comparison. The endoscope system also comprises an
image processing unit450 for performing image process-
ing for displaying the ordinary image and the results of
the comparison as visible images. The endoscope sys-
tem further comprises a controller 460, which is connect-
ed to the respective units and controls operation timings.
The endoscope system still further comprises the monitor
170 for displaying the ordinary image information, which
has been obtained from the image processing performed
by the image processing unit450, as a visible image, and
the monitor 180 for displaying the results of the compar-
ison, which have been obtained from the image process-
ing performed by the image processing unit 450. The
endoscope system also comprises the quartz fiber 290
for guiding the excitation light and the fluorescence.
[0124] The tail end of the CCD cable 202 of the endo-
scope 200 is connected to the image processing unit450.
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[0125] The optical path separating means 220 is pro-
vided with the dichroic mirror 221. The dichroic mirror
221 reflects the excitation light L5 coming from the GaN
type of semiconductor laser 214 and causes the excita-
tion light L5 to impinge upon the quartz fiber 290. Also,
the dichroic mirror 221 transmits the fluorescence L6,
which has passed through the quartz fiber 290, toward
the Bb’-to-Wb ratio calculating unit 430.

[0126] The Bb’-to-Wb ratio calculating unit 430 com-
prises an excitation light cut-off filter 431 for filtering out
light, which has wavelengths in the vicinity of the wave-
length of the excitation light L5, from the fluorescence L6
having passed through the quartz fiber 290. The Bb’-to-
Wb ratio calculating unit 430 also comprises a change-
over filter 433 for extracting fluorescence components,
which have wavelengths falling within a desired wave-
length region, from the fluorescence L6 having passed
through the excitation light cut-off filter 431. The Bb’-to-
Wb ratio calculating unit 430 further comprises a filter
rotating device 435 for rotating the change-over filter 433.
The Bb’-to-Wb ratio calculating unit 430 still further com-
prises a photodetector 436 for measuring the light inten-
sity of the fluorescence components having passed
through the change-over filter 433. The Bb’-to-Wb ratio
calculating unit 430 also comprises a measured data
memory 437 for storing measured data having been ob-
tained from the photodetector 436, and Bb’-to-Wb ratio
calculating means 438 for calculating the Bb’-to-Whb ratio
from the values having been stored in the measured data
memory 437.

[0127] Asillustratedin Figure 10, the change-overfilter
433 is constituted of an optical filter 434a and a blank
area 434b. The optical filter 434a is a band-pass filter,
which transmits only light having wavelengths falling
within a wavelength region of 480nm=30nm. The blank
area 434b transmits light having wavelengths falling with-
in the entire measurement wavelength region.

[0128] The comparison unit 440 comprises storage
means 441 for storing a reference value RE"™. The com-
parison unit 440 also comprises comparison means 442
for comparing the Bb’-to-Wb ratio, which has been cal-
culated by the Bb’-to-Wb ratio calculating means 438,
and the reference value RE"™ , which has been stored in
the storage means 441, with each other.

[0129] The reference value RE™ is set in accordance
with a Bb’-to-Wb ratio having been calculated previously
with respectto living body tissues, which have been found
as being normal tissues or diseased tissues. The refer-
ence value RE"™ has been stored previously in the storage
means 441.

[0130] The image processing unit 450 comprises an
analog-to-digital converting circuit 451 for digitizing an
image signal, which has been obtained from the CCD
image sensor 206. The image processing unit 450 also
comprises an ordinary image memory 452 for storing a
digital ordinary image signal, which has been obtained
from the analog-to-digital converting circuit 451. The im-
age processing unit 450 further comprises a video signal
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processing circuit 453 for converting the image signal,
which has been received from the ordinary image mem-
ory 452, and the results of the comparison, which have
been obtained from the comparison means 442, into vid-
eo signals.

[0131] How the endoscope system, in which the fourth
embodiment of the apparatus for displaying fluorescence
information in accordance with the present invention is
employed, operates will be described hereinbelow. First-
ly, how the endoscope system operates when an ordinary
image is to be displayed will be described hereinbelow.
[0132] When an ordinary image is to be displayed, the
electric power source 212 for the white light source 211
is driven in accordance with a control signal fed from the
controller 460, and the white light L4 is produced by the
white light source 211. The white light L4 passes through
the lens 213 and impinges upon the light guide 201. The
white light L4 is guided through the light guide 201 to the
leading end of the endoscope 200, passes through the
illuminating lens 204, and is irradiated to the region of
interest 20 containing the measuring site 11.

[0133] The white light L4 reflected from the measuring
site 11 is converged by the objective lens 205. The white
light L4 is then reflected by the mirror 207, and the direc-
tion of the optical path of the white light L4 is changed
by an angle of 90° by the mirror 207. An image of the
reflected white light L4 is formed on the CCD image sen-
sor 206. The image signal obtained from the CCD image
sensor 206 is fed into the analog-to-digital converting
circuit 451 and converted into the digital ordinary image
signal. The digital ordinary image signal is stored in the
ordinary image memory 452. The digital ordinary image
signal is then fed from the ordinary image memory 452
into the video signal processing circuit 453 and converted
into an analog ordinary image signal. The thus obtained
analog ordinary image signal is fed into the monitor 170
and used for displaying a visible image on the monitor
170. The series of the operations described above are
controlled by the controller 460.

[0134] How the endoscope system operates when flu-
orescence information is to be displayed will be described
hereinbelow.

[0135] When fluorescence information is to be dis-
played, the electric power source 215 for the GaN type
of semiconductor laser 214 is driven in accordance with
a control signal fed from the controller 460, and the ex-
citation light L5 having a wavelength of 410nm is pro-
duced by the GaN type of semiconductor laser 214. The
excitation light LS passes through the lens 216 and im-
pinges upon the dichroic mirror 221. The excitation light
L5 is reflected from the dichroic mirror 221, passes
through the lens 222, and impinges upon the quartz fiber
290. The excitation light L5 is guided through the quartz
fiber 290, which passes through the forceps hole 203 of
the endoscope 200. The excitation light L5 is thus guided
to the vicinity of the measuring site 11 and is irradiated
from the leading end of the quartz fiber 290 to the meas-
uring site 11.

10

15

20

25

30

35

40

45

50

55

17

[0136] When the measuring site 11 is exposed to the
excitation light L5, the fluorescence L6 is produced from
the measuring site 11. The fluorescence L6 impinges up-
on the leading end of the quartz fiber 290, passes through
the quartz fiber 290 and the lens 222, and travels toward
the dichroic mirror 221. The dichroic mirror 221 has a
structure such that it transmits light entering from the left
side in Figure 9. The fluorescence L6, which has passed
through the dichroic mirror 221, passes through the ex-
citation light cut-offfilter431 and alens 432, and impinges
upon the change-over filter 433. The excitation light cut-
offfilter 431 is along-pass filter, which transmits the entire
fluorescence having wavelengths of at least 420nm and
filters out light having wavelengths shorter than 420nm.
Since the wavelength of the excitation light L5 is 410nm,
the excitation light L5 having been reflected from the
measuring site 11 is filtered out by the excitation light cut-
off filter 431 and does not impinge upon the change-over
filter 433.

[0137] In accordance with a control signal received
from the controller 460, the filter rotating device 435 is
driven, and the fluorescence L6 successively passes
through the optical filter 434a or the blank area 434b.
The fluorescence L6, which has passed through the op-
tical filter 434a or the blank area 434b, impinges upon
the photodetector 436, and the light intensity of the fluo-
rescence L6 is detected by the photodetector 436. Also,
in the measured data memory 437, in accordance with
a control signal received from the controller 460, a signal
representing the light intensity Bb’ of the fluorescence
components of the fluorescence L6, which fluorescence
components have passed through the optical filter 434a
ofthe change-over filter 433, is stored in a predetermined
area of the measured data memory 437, and a signal
representing the light intensity Wb of the fluorescence
components of the fluorescence L6, which fluorescence
components have passed through the blank area 434b
of the change-over filter 433, is stored in a different area
of the measured data memory 437.

[0138] The Bb’-to-Wb ratio calculating means 438 cal-
culates the Bb’-to-Whb ratio from the signals representing
the light intensity Bb’ and the light intensity Wb of the
fluorescence L6 having been stored inthe measured data
memory 437.

[0139] The comparison means 442 compares the Bb’-
to-Wb ratio, which has been calculated by the Bb’-to-Wb
ratio calculating means 438, and the reference value
RE"™ , which has been stored in the storage means 441,
with each other.

[0140] The results of the comparison are displayed on
the monitor 180.

[0141] As described above, in the fourth embodiment,
the fluorescence components of the fluorescence L6,
which fluorescence components have wavelengths fall-
ing within the wavelength region of 480nm=30nm, and
the fluorescence components of the fluorescence L6,
which fluorescence components have wavelengths fall-
ing within the entire measurement wavelength region,
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are extracted from the fluorescence L6, which has been
guided through the quartz fiber 290. Also, the light inten-
sity Bb’ of the fluorescence components, which have
wavelengths falling within the wavelength region of
480nm=30nm, and the light intensity Wb of the fluores-
cence components, which have wavelengths falling with-
in the entire measurement wavelength region, are de-
tected. Further, the Bb’-to-Wb ratio is calculated and
compared with the reference value RE"™, and the results
of the comparison are displayed. Therefore, with the
fourth embodiment, the information having enhanced re-
liability is capable of being displayed. Furthermore, since
the Bb’-to-Wb ratio between the light intensities is com-
pared with the reference value RE"™, adverse effects of
fluctuations in spectral intensity due to fluctuations in
measurement conditions, such as the measurement dis-
tance and the measurement angle, are capable of being
reduced, and the information having reliability enhanced
even further is capable of being displayed.

[0142] Also, with the fourth embodiment, the distance
between the measuring site 11 and the leading end of
the quartz fiber 290 is capable of being kept short. There-
fore, even if the width of the detection wavelength region
is set at a value of as short as 30nm, a sufficient light
intensity is capable of being obtained. In cases where
the width of the extracted wavelength region is thus kept
short, the information having reliability enhanced even
further is capable of being displayed.

[0143] Further, with the fourth embodiment, wherein
the GaN type of semiconductor laser 214, which produc-
es the excitation light L5 having a wavelength of 410nm,
is employed as the excitation light irradiating means, the
light intensity of the fluorescence is capable of being de-
tected appropriately. Further, the size of the apparatus
for displaying fluorescence information is capable of be-
ing kept small, and the cost of the apparatus is capable
of being kept low.

[0144] Furthermore, in the fourth embodiment, the
comparison is made as to whether the Bb’-to-Wb ratio is
at most equal to the reference value RE"™ or higher than
the reference value RE"™, and the results of the compar-
ison are displayed. Alternatively, the light intensities of
the two wavelength regions may be displayed with the
additive color process, and the ratio between the light
intensities may be displayed as a change in tint on the
display screen. As another alternative, the light intensi-
ties of the two wavelength regions may be divided by
each other, and the value obtained from the division may
be displayed as a change in luminance or tint.

[0145] Also, in the third and fourth embodiments de-
scribed above, the fluorescence components having
wavelengths falling within the wavelength region in the
vicinity of 480nm and the fluorescence components hav-
ing wavelengths falling within the entire measurement
wavelength region are extracted, and the ratio between
the light intensities of the extracted fluorescence compo-
nents is calculated. Alternatively, in lieu of the fluores-
cence components having wavelengths falling within the
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wavelength region in the vicinity of 480nm, the fluores-
cence components having wavelengths falling within the
wavelength region in the vicinity of 630nm or the fluores-
cence components having wavelengths falling within the
wavelength region in the vicinity of 700nm may be ex-
tracted. Also, the ratio between the light intensity of the
thus extracted fluorescence components and the light
intensity Wb of the fluorescence components having
wavelengths falling within the entire measurement wave-
length region may be calculated.

[0146] Further, inthe third and fourth embodiments de-
scribed above, the information in accordance with the
ratio between the light intensity of the wavelength region
in the vicinity of 480nm and the light intensity of the entire
measurement wavelength region is displayed. Alterna-
tively, information in accordance with only the light inten-
sity of the wavelength region in the vicinity of 480nm may
be displayed. For example, the lightintensity of the wave-
length region in the vicinity of 480nm may be detected
from the fluorescence produced from each of the normal
tissues and the diseased tissues, and reference values
may be stored previously. Also, the light intensity B of
the wavelength region in the vicinity of 480nm may be
detected from the fluorescence produced from the meas-
uring site and may be compared with the reference val-
ues. Further, the results of the comparison may be dis-
played. In cases where only the light intensity B of the
wavelength region in the vicinity of 480nm is detected, it
is sufficient for the used filter to be constituted of only the
optical filter, which transmits light having wavelengths
falling within the wavelength region in the vicinity of
480nm, and therefore the optical system is capable of
being simplified.

[0147] Furthermore, the third and fourth embodiments
may be modified such thatinformation in accordance with
both the light intensity of the wavelength region in the
vicinity of 480nm and the ratio between the light intensity
of the entire measurement wavelength region and the
light intensity of the wavelength region in the vicinity of
480nm, 630nm, or 700nm is displayed. For example, a
reference value corresponding to the light intensity of the
wavelength region in the vicinity of 480nm and a refer-
ence value corresponding to the ratio between the light
intensity of the entire measurement wavelength region
and the light intensity of the wavelength region in the
vicinity of 480nm, 630nm, or 700nm may be stored pre-
viously. Also, only in cases where both the light intensity
of the wavelength region in the vicinity of 480nm and the
light intensity ratio described above take values close to
the reference values for the normal tissues, the results
of the comparison may be displayed as approximately
representing that the tissues at the measuring site are
the normal tissues. In such cases, there is little possibility
thatthe fluorescence produced from the diseased tissues
will be displayed by mistake as being close to the fluo-
rescence produced from the normal tissues. Therefore,
the technique described above is advantageous in cases
where, for example, the measuring site has a strong prob-
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ability of being the diseased tissues as in cases where
the fluorescence detection is performed with respect to
a living body having a previous illness.

[0148] As a different example, in cases where either
one of the light intensity and the light intensity ratio takes
avalue approximately indicating the normal tissues when
the value is compared with the reference value, the re-
sults of the comparison may be displayed as approxi-
mately representing that the tissues at the measuring site
are the normal tissues. In such cases, there is little pos-
sibility that the fluorescence produced from the normal
tissues will be displayed by mistake as being close to the
fluorescence produced from the diseased tissues. There-
fore, the technique described above is advantageous in
cases where, for example, the measuring site has little
probability of being the diseased tissues.

[0149] In cases where the information in accordance
with both the light intensity and the light intensity ratio is
displayed in the manner described above, the kinds of
the optical filters, which constitute the mosaic filter or the
change-over filter, may be increased, and the fluores-
cence components having wavelengths falling within de-
sired wavelength regions may thereby be extracted. Also,
in cases where the information in accordance with both
the lightintensity B of the wavelength region in the vicinity
of 480nm and the ratio between the light intensity of the
entire measurement wavelength region and the light in-
tensity of the wavelength region in the vicinity of 480nm
is displayed, the optical filter, which transmits light having
wavelengths falling within the wavelength region in the
vicinity of 480nm, may be utilized for both the detection
of the light intensity B and the detection of the light inten-
sity ratio.

[0150] In the first, second, third, and fourth embodi-
ments described above, the monitor 170 for displaying
the ordinary image and the monitor 180 for displaying
the results of the comparison are provided as two inde-
pendent monitors. Alternatively, a single monitor may act
as both the monitor 170 and the monitor 180. In such
cases, display modes may be automatically changed
over in a time series change-over manner. Alternatively,
the display modes may be changed over by the measurer
with change-over means.

[0151] Also, in the first, second, third, and fourth em-
bodiments described above, the GaN type of semicon-
ductor laser and the white light source are provided as
two independent devices. Alternatively, by the utilization
of an appropriate optical transmission filter, a single light
source may act as both the excitation light source and
the white light source.

[0152] Further, the first, second, third, and fourth em-
bodiments described above may be modified in various
ways. For example, the excitation light guiding fiber and
the fluorescence guiding fiber may be separated from
each other. Also, the ordinary image may be acquired
with an image fiber.

[0153] Inaddition, reference is made to Japanese Pat-
ent Nos. 2001 128925 and 2001 128 926.
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Claims

1. An apparatus for displaying fluorescence informa-
tion, comprising:

i) excitation light irradiating means (110, 101,
104; 210, 201 204) for irradiating excitation light
(22, 25) to a measuring site (10) in a living body,
the excitation light (22, 25) causing the measur-
ing site to produce fluorescence,

i) first light intensity detecting means (320, 323,
325, 430) for detecting light intensity W of fluo-
rescence components of the fluorescence pro-
duced by the measuring site (10), which fluores-
cence components have wavelengths falling
wittin an entire measurement wavelength re-
gion,

i) at least one light intensity detecting means
selected from among:

second light intensity detecting means for de-
tecting light intensity R1 of fluorescence com-
ponents of the fluorescence produced by the
measuring site, which fluorescence compo-
nents have wavelengths falling within a wave-
length region of 630nm = at most 70nm and at
least containing 600n to 630nm, and

third light intensity detecting means for detecting
light intensity R2 of fluorescence components
of the fluorescence produced by the measuring
site, which fluorescence components have
wavelengths falling within a wavelength region
of 700nm = atmost 70nm and atleast containing
700nm to 710nm, and

iv) fluorescence information displaying means
(180) for displaying information in accordance
with a ratio between the light intensity, which
has been detected by the at least one selected
light intensity detecting means, and the light in-
tensity W.

2. An apparatus as defined in claim 1, comprising:

further lightintensity detecting means for detect-
ing light intensity B of fluorescence components
of the fluorescence produced by the measuring
site, which fluorescence components have
wavelengths falling within a wavelength region
of480nm = atmost 70nm and atleast containing
450nm to 480nm,

wherein said fluorescence information display-
ing means is adapted to display information in
accordance with the light intensity B in addition
to said ratio between the light intensity, which
has been detected by the at least one selected
light intensity detecting means, and the light in-
tensity W.

3. Anapparatus as defined in Claim 1 or 2, wherein the
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light intensity detecting means comprises an image
sensor for two-dimensionally detecting the fluores-
cence produced by the measuring site and forming
a fluorescence image, and wavelength selecting
means for selecting the fluorescence components
of the fluorescence produced by the measuring site,
which fluorescence components have wavelengths
falling within a desired wavelength region.

An apparatus as defined in Claim 1 or 2, wherein the
light intensity detecting means is provided with fluo-
rescence acquiring means for acquiring the fluores-
cence, which is produced by a single point at a site
in the living body.

An apparatus as defined in Claim 1 or 2, wherein the
excitation light has wavelengths falling within the
range of 380nm to 420nm.

An apparatus as defined in Claim 1 or 2 wherein the
excitation light irradiating means is a GaN type of
semiconductor laser.

Patentanspriiche

Vorrichtung zum Anzeigen von Fluoreszenzinforma-
tion, umfassend:

i) eine Anregungslicht-Bestrahlungseinrichtung
(110, 101, 104; 210, 201, 204) zum Aufstrahlen
von Anregungslicht (L2, L5) auf eine Messstelle
(10) innerhalb eines lebenden Kérpers, wobei
das Anregungslicht (L2, L5) die Messstelle ver-
anlasst, Fluoreszenz zu erzeugen,

i) eine erste Lichtintensitats-Detektoreinrich-
tung (320, 323, 325; 430) zum Detektieren einer
Lichtintensitat W von Fluoreszenzkomponenten
der von der Messstelle (10) erzeugten Fluores-
zenz, welche Fluoreszenzkomponenten Wel-
lenldngen haben, die in eine Gesamt-Messwel-
lenldngenzone fallen,

iii) mindestens eine Lichtintensitats-Detektor-
einrichtung, ausgewahlt unter:

einer zweiten Lichtintensitats-Detektorein-
richtung zum Detektieren einer Lichtinten-
sitat R1 von Fluoreszenzkomponenten der
durch die Messstelle erzeugten Fluores-
zenz, welche Fluoreszenzkomponenten
Wellenlangen haben, die in eine Wellenlan-
genzone von 630 nm = hdchstens 70 nm
fallen und mindestens 600 nm bis 630 nm
enthalten, und

einer dritten Lichtintensitats-Detektorein-
richtung zum Detektieren einer Lichtinten-
sitat R2 von Fluoreszenzkomponenten der
durch die Messstelle erzeugten Fluores-
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zenz, welche Fluoreszenzkomponenten
Wellenlangen aufweisen, die in eine Wel-
lenldngenzone von 700 nm = héchstens 70
nm fallen und mindestens 700 nm bis 710
nm enthalten, und

iv) eine Fluoreszenzinformations-Anzeige-
einrichtung (180) zum Anzeigen von Infor-
mation nach MaRRgabe eines Verhaltnisses
zwischen der Lichtintensitat, die von der
mindestens einen ausgewahlten Lichtinten-
sitats-Detektoreinrichtung detektiert wurde,
und der Lichtintensitat W.

2. Vorrichtung nach Anspruch 1, umfassend:

eine weitere Lichtintensitats-Detektoreinrich-
tung zum Detektieren einer Lichtintensitat B von
Fluoreszenzkomponenten der durch die Mess-
stelle erzeugten Fluoreszenz, welche Fluores-
zenzkomponenten Wellenlangen haben, die in
eine Wellenldngenzone von 480 nm = héch-
stens 70 nm fallen und mindestens 450 nm bis
480 nm enthalten,

wobei die Fluoreszenzinformations-Anzeige-
einrichtung dazu ausgebildet ist, Information
nach MaRgabe der Lichtintensitét B zusatzlich
zu dem Verhaltnis zwischen der Lichtintensitat,
die von der mindestens einen ausgewahlten
Lichtintensitats-Detektoreinrichtung detektiert
wurde, und der Lichtintensitat W, anzuzeigen.

Vorrichtung nach Anspruch 1 oder 2, bei der die
Lichtintensitats-Detektoreinrichtung einen Bildsen-
sor zum zweidimensionalen Detektieren der durch
die Messstelle erzeugten Fluoreszenz und zum Er-
zeugen eines Fluoreszenzbilds, und eine Wellenlan-
gen-Auswahleinrichtung zum Auswahlen der Fluo-
reszenzkomponenten der durch die Messstelle er-
zeugten Fluorszenz aufweist, welche Fluoreszenz-
komponenten Wellenldngen haben, die in eine ge-
wiinschte Wellenlangenzone fallen.

Vorrichtung nach Anspruch 1 oder 2, bei der die
Lichtintensitats-Detektoreinrichtung mit einer Fluo-
reszenz-Erfassungseinrichtung zum Erfassen der
Fluoreszenz ausgestattet ist, welche von einem ein-
zelnen Punkt an der Stelle innerhalb des lebenden
Korpers erzeugt wird.

Vorrichtung nach Anspruch 1 oder 2, bei der das
Anregungslicht Wellenlangen aufweist, die in den
Bereich von 380 nm bis 420 nm fallen.

Vorrichtung nach Anspruch 1 oder 2, bei der die An-
regungslicht-Bestrahlungseinrichtung ein Halblei-
terlaser vom GaN-Typ ist.
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Revendications

Dispositif pour afficher des informations de fluores-
cence, comprenant :

i) des moyens de rayonnement de lumiére d’ex-
citation (110, 101, 104 ; 210, 201, 204) pour
rayonner une lumiére d’excitation (L2, L5) vers
un site de mesure (10) dans un corps vivant, la
lumiére d’excitation (L2, L5) amenant le site de
mesure a produire une fluorescence,

ii) des premiers moyens de détection d’intensité
lumineuse (320, 323, 325 ; 430) pour détecter
lintensité lumineuse W des composantes de
fluorescence de la fluorescence produite par le
site de mesure (10), lesquelles composantes de
fluorescence ont des longueurs d’onde tombant
dans une région de longueur d’'onde de mesure
entiére,

iii) au moins un moyen de détection d’intensité
lumineuse sélectionné parmi :

des deuxiémes moyens de détection d’in-
tensité lumineuse pour détecter l'intensité
lumineuse R1 des composantes de fluores-
cence de la fluorescence produite par le site
de mesure, lesquelles composantes de
fluorescence ontdeslongueurs d’'onde tom-
bant dans une région de longueur d’onde
de 630 nm = au plus 70 nm et contenant
au moins 600 nm a 630 nm, et

des troisiemes moyens de détection d’in-
tensité lumineuse pour détecter l'intensité
lumineuse R2 des composantes de fluores-
cence de la fluorescence produite par le site
de mesure, lesquelles composantes de
fluorescence ontdes longueurs d’'onde tom-
bant dans une région de longueur d’onde
de 700 nm = au plus 70 nm et contenant
au moins 700 nm a 710 nm, et

iv) des moyens d’affichage d’informations de
fluorescence (180) pour afficher des informa-
tions conformément a unrapportentre l'intensité
lumineuse, qui a été détectée par ledit au moins
un moyen de détection d’intensité lumineuse sé-
lectionné, et l'intensité lumineuse W.

2. Dispositif selon la revendication 1, comprenant :

des moyens de détection d’intensité lumineuse
supplémentaires pour détecter l'intensité lumi-
neuse B des composantes de fluorescence de
la fluorescence produite par le site de mesure,
lesquelles composantes de fluorescence ont
des longueurs d’onde tombant dans une région
de longueur d’'onde de 480 nm = au plus 70 nm
et contenant au moins 450 nm a 480 nm,
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dans lequel lesdits moyens d’affichage d’infor-
mations de fluorescence sont adaptés pour af-
ficher des informations conformément a l'inten-
sité lumineuse B en plus dudit rapport entre I'in-
tensité lumineuse, qui a été détectée par ledit
au moins un moyen de détection d’intensité lu-
mineuse sélectionné, etl'intensité lumineuse W.

Dispositif selon la revendication 1 ou 2, dans lequel
les moyens de détection d’intensité lumineuse com-
prennent un capteur d'image pour détecter de ma-
niére bidimensionnelle la fluorescence produite par
le site de mesure et former une image de fluores-
cence, et des moyens de sélection de longueur d’on-
de pour sélectionner les composantes de fluores-
cence de la fluorescence produite par le site de me-
sure, lesquelles composantes de fluorescence ont
des longueurs d’onde tombant dans une région de
longueur d’onde souhaitée.

Dispositif selon la revendication 1 ou 2, dans lequel
les moyens de détection d’intensité lumineuse sont
pourvus de moyens d’acquisition de fluorescence
pour acquérir la fluorescence, qui est produite par
un point unique au niveau d’un site dans le corps
vivant.

Dispositif selon la revendication 1 ou 2, dans lequel
la lumiére d’excitation a des longueurs d’onde tom-
bant dans la plage de 380 nm a 420 nm.

Dispositif selon la revendication 1 ou 2, dans lequel
les moyens de rayonnement de lumiére d’excitation
sont un laser a semi-conducteurs du type a GaN.
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