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Description
BACKGROUND OF THE INVENTION

Field of the Invention.

[0001] The present invention relates to a fluorescent
image obtainment method, a fluorescent image obtain-
ment apparatus, a fluorescence endoscope apparatus,
and an excitation light unit. Particularly, the present in-
vention relates to a fluorescent image obtainment meth-
od, a fluorescent image obtainment apparatus and a flu-
orescence endoscope apparatus that produce a fluores-
centimage by obtaining an image including fluorescence
output from a region to be observed by illumination with
excitation light. Further, the present invention relates to
an excitation light unit that outputs excitation light to pro-
duce the fluorescent image.

Description of the Related Art

[0002] Conventionally, endoscope apparatuses for ob-
serving tissue in the body cavities of patients (in vivo)
have beenwidely known. Further, electronic endoscopes
that obtain ordinary images by imaging regions to be ob-
served in the body cavities while the regions are illumi-
nated with white light and that display the obtained ordi-
nary images on monitors (displays) are widely used.
[0003] In addition to observation of the regions to be
observed by illuminating the regions with white light, flu-
orescent image obtainment apparatuses that are used
as fluorescence endoscope apparatuses are well known.
The fluorescence endoscope apparatuses capture fluo-
rescent images by receiving autofluorescence output
from the regions to be observed by illuminating the re-
gions with excitation light. Further, the fluorescence en-
doscope apparatuses display the fluorescent images on
monitors together with the ordinary images. The autoflu-
orescence is output from endogenous fluorescent sub-
stance in living tissue (tissue in vivo). For example, when
the region to be observed is the mucous membrane of
airway, most of the autofluorescence is thought to be
output from the submucosa. Examples of the endog-
enous fluorescent substance are riboflavin, tryptophan,
tyrosine, NADH, NADPH, porphyrin, collagen, elastin, fi-
bronectin, FAD and the like.

[0004] Further, it is known that when a region to be
observed, such as living tissue, is illuminated with exci-
tation light of a predetermined wavelength band, the light
intensity and the spectral shape of autofluorescence out-
put from an autofluorescent substance that is present in
the region to be observed differ depending on whether
the autofluorescence is output from normal tissue or le-
sion tissue, as illustrated in Figure 15. A fluorescence
endoscope apparatus that utilizes this phenomenon is
known (for example, please refer to U.S. Patent No.
6,465,968). In this fluorescence endoscope apparatus,
aregion to be observed is illuminated with excitation light
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of a predetermined wavelength, and autofluorescence
output from the region to be observed is detected to pro-
duce a fluorescent image. The reason why the autofluo-
rescence output from the lesion tissue is weaker than the
autofluorescence output from the normal tissue is pre-
sumed to be thickening of the mucous epithelium of the
lesion tissue, consumption of the endogenous fluores-
cent substance in the lesion tissue, an increase in fluo-
rescence absorption substance in the lesion tissue and
the like.

[0005] Further, a fluorescent image obtainment appa-
ratus that produces a fluorescent image, for example, by
administering an oncotropic photosensitive substance
(ATX-S10, 5-ALA, NPe6, HAT-DO01, Photofrin-2 or the
like), as a fluorescent dye, to a patient (a subject to be
examined) inadvance is well known. The oncotropic pho-
tosensitive substance outputs fluorescence by being ex-
cited by light. The administered fluorescent dye is ab-
sorbed by a tumor region, such as a cancer. The tumor
region that has absorbed the fluorescent dye is illuminat-
ed with excitation light in an excitation wavelength range
of the fluorescent dye, and fluorescence output from the
fluorescent dye that has accumulated in the tumor region
is detected to produce the fluorescent image.

[0006] Inthese fluorescent image obtainment appara-
tuses, various comparative analysis methods have been
proposed so that users (observers, or examiners, or doc-
tors) can obtain more accurate information about the tis-
sue characteristics based on the fluorescence informa-
tion. For example, when the intensity of autofluorescence
output from a region to be observed, such as living tissue,
by illumination with excitation light is obtained as a fluo-
rescence image, and fluorescence information based on
the fluorescence image is displayed, if the region to be
observed is a normal region, the intensity of fluorescence
output from the region to be observed is substantially
proportional to the illumination intensity of the excitation
light. However, the illumination intensity of the excitation
light decreases in inverse proportion to the square of a
distance. Therefore, there are cases in which fluores-
cence received from a lesion tissue that is located close
to a light source is higher than fluorescence received
from a normal tissue that is located far from the light
source. Therefore, it is impossible to accurately judge
the tissue characteristics of the region to be observed
only by the information about the intensity of fluores-
cence.

[0007] To solve such problems, U.S. Patent Applica-
tion Publication No. 20030216626 proposes a fluores-
centimage obtainment apparatus that diagnoses the tis-
sue characteristic of the living body. In the fluorescent
image obtainment apparatus, the region to be observed
is illuminated with reference light of a wavelength band
thatis different from the wavelength band of the excitation
light. Further, the intensity of light reflected from the re-
gion to be observed that has been illuminated with the
reference lightis detected. Further, diagnosis information
representing a lesion of the living tissue is obtained based
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on fluorescence yield represented by the ratio of the in-
tensity of fluorescence to the intensity of the reflection
light of the reference light. Further, the region of the le-
sion, which is the diagnosis information, is displayed in
a different color, such as red, in a displayed fluorescent
image.

[0008] In these fluorescentimage obtainment appara-
tuses, when the distance from the illumination light output
end to the region to be observed is long, a sufficient
amount of illumination light does not reach the region to
be observed, and there is a risk that a dark image is
obtained. Therefore, when a motion image (dynamic im-
age or video image) is obtained, the lightness of the im-
age, such as an average luminance value of the image,
is constantly detected to control the light amount of the
illumination light so that constant lightness can be ob-
tained.

[0009] However, in an apparatus that obtains an ordi-
nary image and a fluorescent image by illuminating the
region to be observed with both of the illumination light
and the excitation light at the same time, as described
above, when the ordinary image is superimposed on the
fluorescent image and displayed, if the light amount of
only the illumination light is controlled, it is not sufficient.
For example, when the light of the illumination light is
increased, only the ordinary image becomes light, and
the fluorescent image remains dark. Therefore, it be-
comes difficult to identify the fluorescent image in the
superimposed image. Further, when the light amount of
the illumination light is reduced, only the ordinary image
becomes dark, and the fluorescent image remains light.
Therefore, the lightness of the ordinary image and that
of the fluorescent image become imbalanced, and it be-
comes difficult to observe the region to be observed in
the image.

[0010] Meanwhile, when a fluorescent image is ob-
tained, even if the distance from the excitation light output
end to the region to be observed is short, a sufficient
amount of fluorescence is not obtained in some cases,
because the light amount of fluorescence output from the
region to be observed differs according the tissue char-
acteristic of the region to be observed. Therefore, if the
light amount of the excitation light is controlled based on
the lightness of the fluorescent image in a manner similar
to the control of the illumination light, there is a problem
that the reliability of the fluorescent image becomes low-
er.

[0011] Further, when the light amount of the excitation
light is tried to be accurately controlled, the drive current
of the white light source is relatively high compared with
the drive current of the excitation light source. Therefore,
noise caused by the drive current of the white light source
becomes a problem.

[0012] Further, for example, U.S. Patent Application
Publication No. 20040162492 proposes a fluorescentim-
age obtainment apparatus that obtains an ordinary image
by outputting white light and that obtains a fluorescent
image by outputting excitation light, as described above.
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In the fluorescentimage obtainment apparatus disclosed
in U.S. Patent Application Publication No. 20040162492,
the white light and the excitation light are alternately out-
put by hardware spectral structure, and an ordinary im-
age and a fluorescent image are obtained synchronously
with the output of the white light and the excitation light.
[0013] Further, in a fluorescent image obtainment ap-
paratus proposed in Japanese Patent No. 3718024,
white light and excitation light are combined on the same
optical axis, and the combined light is guided to a living
body that has absorbed light-sensitive substance. Fur-
ther, the wavelength band of the excitation light is re-
moved from light information output from the living body.
Further, a wavelength division means transmits light in
a wavelength band of fluorescence and reflects light in
the other wavelength band. Further, a fluorescent image
is obtained by capturing the divided light.

[0014] Further, Japanese Unexamined Patent Publi-
cation 2002-143079 proposes a method in which sub-
traction operation is performed between a fluorescent
image signal and an ordinary image signal, and the dif-
ference is emphasized by amplifying the difference. Fur-
ther, U.S. Patent Application Publication No.
20060256191 proposes a method in which a fluorescent
image signal and an ordinary image signal are combined
and displayed to improve the accuracy of screening.
[0015] However, in the apparatus that obtains both of
the ordinary image signal and the fluorescent image sig-
nal by outputting the white light and the excitation light,
respectively, as described above, if the white light and
the excitation light are alternately output by hardware
spectral structure as disclosed in U.S. Patent Application
Publication No. 20040162492, the size of the apparatus
becomes large, and the cost of the apparatus increases.
Further, the case of providing the wavelength division
means as disclosed in Japanese Patent No. 3718024
has similar problems.

[0016] Further, in recentyears, in the field of electronic
endoscope apparatuses using solid-state imaging devic-
es, an electronic endoscope apparatus with a built-in nar-
row-band-pass filter (Narrow Band Imaging - NBI) has
been drawing attention. The electronic endoscope appa-
ratus with a built-in narrow-band-pass filter performs
spectral imaging by combining narrow-band-pass filters
based on the spectral reflectance of a digestive organ,
such as the mucosa of stomach (gastric mucosa). In this
apparatus, a narrow (wavelength) band pass filter is pro-
vided instead of a plane-sequential R (red) - G (green) -
B (blue) rotary filter. Further, illumination light is sequen-
tially output through the narrow-band-pass filter, and
processing similar to the processing of R, G, and B (RGB)
signals is performed while the weighting applied to sig-
nals obtained with these kinds of illumination light is
changed. Accordingly, a spectral image is obtained.
When such a spectral image is used, it is possible to
extract a minute structure in a digestive organ, such as
the stomach (gaster) and the large intestine, which has
not been obtained in the conventional method.
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[0017] Meanwhile, Japanese Unexamined Patent
Publication No. 2003-093336 and U.S. Patent Applica-
tion Publication No. 20070183162 propose a technique
of forming a spectral image by operation processing
based on an image signal obtained by imaging a region
to be observed by illuminating the region with white light
in a simultaneous method instead of the aforementioned
plane-sequential method that uses the narrow-band-
pass filter. In the simultaneous method, a minute mosaic
color filter is arranged on a solid-state imaging device.
Japanese Unexamined Patent Publication No.
2003-093336 discloses a method for obtaining spectral
data of the region to be observed that depends on none
of the type of the illumination light, the unique spectral
characteristic of the imaging system and the like. In the
method, estimation matrix data that takes the spectral
characteristic of the illumination light and the spectral
characteristic of the whole imaging system including the
color sensitivity characteristic of the imaging device, the
transmissivity of the color filter or the like, into consider-
ation is obtained. Further, the spectral data is obtained
by performing operation using the RGB image signals
obtained by imaging by the imaging device and the esti-
mation matrix data.

[0018] Further, in the fluorescent image obtainment
apparatus as described above, obtainment of the fluo-
rescent image by illuminating the region to be observed
only with the excitation light and obtainment of the ordi-
nary image by illuminating the region to be observed only
with the illumination light are performed in time-division
in some cases. When the fluorescent image and the or-
dinary image are obtained by time division, the number
of frames of the fluorescent images and the ordinary im-
ages per unit time period becomes small. Therefore,
when a motion image is displayed, there is a problem
that an efficient motion image is not displayed.

[0019] Further, in the fluorescence endoscope appa-
ratus as described above, it is necessary to provide a
light source for outputting excitation light in addition to a
light source for outputting illumination light. Therefore,
when a user (doctor) who uses an ordinary endoscope
wishes to observe a fluorescent image, he/she needs to
additionally purchase an expensive fluorescence endo-
scope apparatus. However, observation of the fluores-
cent image is performed only to supplement the obser-
vation of the ordinary image in many cases, and the fre-
quency of observing the fluorescentimage is much small-
er than the frequency of observing the ordinary image.
Therefore, many users (doctors) desire to use the elec-
tronic endoscope apparatuses that they already have to
observe the fluorescent images without purchasing new
fluorescent endoscope apparatuses.

[0020] Document EP1813185 discloses an electronic
endoscope apparatus and method where a broadband
light source from 400 to 700 nm is applied to a region to
be observed, said broadband light source including the
wavelength of excitation for fluorescence imaging (~405
nm) and illumination light (~410 to 700 nm). The appa-

10

15

20

25

30

35

40

45

50

55

ratus is adapted to generate an ordinary image and a
fluorescence image from the combined reflected and
emitted data. The illumination and excitation light is ap-
plied simultaneously and continuously.

[0021] Document US5749830 discloses a fluores-
cence endoscope apparatus and uses two light sources,
one for illumination light and one for excitation. These
two sources are both pulsed and switched, so that either
one or the other is active but not both at the same time.
Therelative amountoflightfrom each source is controlled
by controlling the length of the illumination periods for
excitation light and illumination light, so that the relative
level of emitted light is increased.

SUMMARY OF THE INVENTION

[0022] In view of the foregoing circumstances, it is an
object of the present invention to improve the balance
between the lightness of an ordinary image and the light-
ness of a fluorescent image in a fluorescent image ob-
tainment method and apparatus that obtains the ordinary
image and the fluorescent image by illuminating the re-
gion to be observed with illumination light and excitation
light. Further, it is another object of the present invention
to improve the reliability of the obtained fluorescent
image .

[0023] Further, it is another object of the present in-
vention to provide a fluorescentimage obtainment meth-
od and apparatus that can improve the noise resistance
of the excitation light source.

[0024] Further, it is another object of the present in-
vention to provide a fluorescentimage obtainment meth-
od and apparatus that can simplify the structure of the
whole apparatus and the cost of the apparatus.

[0025] Further, it is another object of the present in-
vention to provide a fluorescentimage obtainment meth-
od and apparatus that can produce an efficient display
image even when a motion image is displayed.

[0026] Meanwhile, the inventorofthe presentinvention
has studied whether an existing electronic endoscope
apparatus can function as a fluorescent image endo-
scope apparatus by attaching a detachable excitation
lightunitincluding an excitation light source to the existing
electronic endoscope apparatus. As the excitation light
source, a high-luminance LED, a semiconductor laser or
the like is used. Since the user of the fluorescence en-
doscope apparatus may not be used to handling of the
light source, such as the LED and the laser, it is essential
that the safety of the user is ensured.

[0027] In these circumstances, it is another object of
the present invention to provide a fluorescence endo-
scope apparatus and an excitation light unit that are us-
er-friendly, and in which the safety of the usersis assured.
[0028] A first fluorescent image obtainment method of
the present invention is a fluorescent image obtainment
method comprising the steps of:

capturing an image composed of light reflected from
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a region to be observed, the region having been il-
luminated with illumination light, and an image com-
posed of fluorescence output from the region to be
observed, the region having been illuminated with

as the region illuminated with the illumination light
with the pulsed excitation light;

capturing a first image composed of light reflected
from the region to be observed in a time period when

excitation light at the same time as illumination with 5 the region to be observed is illuminated only with the
the illumination light; illumination light in the process of continuously illu-
producing an ordinary image based on the captured minating the region to be observed with the illumi-
image composed of the reflection light; and nation light and illuminating substantially the same
producing a fluorescent image based on the cap- region with the pulsed excitation light;

tured image composed of fluorescence, whereinthe 70 capturing a second image composed of light reflect-
light amount of the illumination light is controlled so ed from the region to be observed and fluorescence
that a representative luminance value of the ordinary output from the region to be observed in a time period
image (a value representing the luminance of the when the region to be observed is illuminated with
ordinary image or the like) becomes a predetermined both of the illumination light and the excitation light
luminance value, and wherein the light amount of 75 in the process of continuously illuminating the region
the excitation light is controlled so that the ratio of to be observed with the illumination light and illumi-
the light amount of the excitation light to the light nating substantially the same region with the pulsed
amount of the illumination light becomes a predeter- excitation light;

mined ratio. producing an ordinary image based on the first im-

20

age; and

[0029] A second fluorescent image obtainment meth-
od of the present invention is a fluorescent image obtain-
ment method comprising the steps of:

producing a fluorescent image based on the first im-
age and the second image.

[0031] A fourth fluorescent image obtainment method
of the present invention is a fluorescent image obtain-
ment method comprising the steps of:

driving an illumination light source means so as to 25
continuously output illumination light;

pulse-driving an excitation light source means,
based on a pulse signal, so as to output pulsed ex-
citation light;

capturing an image composed of light reflected from
a region to be observed, the region having been il-

capturing an image composed of light reflected from 30 luminated with illumination light, and fluorescence
a region to be observed by illumination with the illu- output from the region to be observed, the region
mination light, and an image including fluorescence having been illuminated with excitation light at the
output from the region to be observed by illumination same time as illumination with the illumination light;
with excitation light; calculating estimated spectral data of a specific flu-
producing an ordinary image based on the captured 35 orescence wavelength band for each pixel of image
image composed of the reflection light; and signals of the captured image, the specific fluores-
producing a fluorescent image based on the cap- cence wavelength band including at least an approx-
tured image including fluorescence, wherein the light imate center wavelength band of the fluorescence
amount of the illumination light is controlled so that and the estimated spectral data being calculated
a representative luminance value of the ordinary im- 40 based an image signal value of each of the pixels
age becomes a predetermined luminance value, and and an estimation matrix for calculating the estimat-
wherein the light amount of the excitation light is con- ed spectral data, and the estimation matrix having
trolled by controlling the pulse signal so that the ratio been stored in advance;
of the light amount of the excitation light to the light obtaining, based on the estimated spectral data of
amount of the illumination light becomes a predeter- 45 the specific fluorescence wavelength band, informa-
mined ratio. tion that reflects the radiation intensity of the fluores-
cence output from the region to be observed; and
[0030] A third fluorescent image obtainment method producing a fluorescent image based on the infor-
of the present invention is a fluorescent image obtain- mation that reflects the radiation intensity of the flu-
ment method comprising the steps of: 50 orescence.
driving an illumination light source means so as to [0032] A first fluorescentimage obtainment apparatus

continuously output illumination light;
pulse-driving an excitation light source means so as
to output pulsed excitation light; 55

of the present invention is a fluorescent image obtain-
ment apparatus comprising:

continuously illuminating a region to be observed
with the illumination light;
illuminating a region that is substantially the same

a light illumination means that illuminates a region
to be observed with illumination light and excitation
light at the same time;
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animaging means that captures animage composed
of light reflected from the region to be observed, the
region having been illuminated with the illumination
light, and an image composed of fluorescence output
from the region to be observed, the region having
been illuminated with the excitation light;

an image processing means that produces an ordi-
nary image based on the image composed of the
reflection light, the image having been captured by
the imaging means, and a fluorescent image based
on the image composed of fluorescence, the image
having been captured by the imaging means; and
a light amount control means that controls the light
amount of the illumination light so that a represent-
ative luminance value of the ordinary image be-
comes a predetermined luminance value, and that
controls the light amount of the excitation light so
that the ratio of the light amount of the excitation light
to the light amount of the illumination light becomes
a predetermined ratio.

[0033] In the first fluorescent image obtainment of the
present invention, the imaging means may separately
obtain animage composed of light reflected from aregion
to be observed that has been illuminated with illumination
lightand animage composed of fluorescence output from
the region to be observed that has been illuminated with
excitation light. Alternatively, the imaging means may ob-
tain an image in which an image composed of reflection
light and an image composed of fluorescence are super-
imposed one on the other.

[0034] Further, the first fluorescent image obtainment
apparatus of the present invention may further include:

a storage unit that stores an estimation matrix for
pseudo-spectral image processing; and

an estimated spectral data calculation means that
uses an image signal output from the imaging means
and the estimation matrix, and calculates, for each
pixel of the image signal, estimated spectral data.
Further, the image processing means may obtain,
based on the estimated spectral data for each of the
pixels, estimated spectral data of a specific fluores-
cence wavelength band that includes at least a cent-
er wavelength band of the fluorescence, and pro-
duce the fluorescent image based on the estimated
spectral data of the specific fluorescence wave-
length band.

[0035] Further, the estimation matrix may take the
spectral characteristic of illumination light and the spec-
tral characteristic of the imaging means into considera-
tion. Further, the estimation matrix may be used to cal-
culate the spectral data of the region to be observed by
performing matrix operation using the image signal. Al-
ternatively, the estimation matrix may take the spectral
characteristic of both of the illumination light and the ex-
citation light and the spectral characteristic of the imaging
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means into consideration. Further, the estimation matrix
may be used to calculate the spectral data of the region
to be observed and the fluorescent spectrum of fluores-
cence output from the region to be observed by perform-
ing matrix operation using the image signal.

[0036] Further, the image processing means may:

calculate, based on the estimated spectral data of
the specific fluorescence wavelength band, pseu-
do-fluorescence intensity, which is the intensity of
light in the specific fluorescence wavelength band;

obtain estimated spectral data of a reference wave-
length band that does not include the specific fluo-
rescence wavelength band;

calculate, based on the estimated spectral data of
the reference wavelength band, reference light in-
tensity, which is the intensity of light in the reference
wavelength band;

calculate a pseudo-fluorescence yield by dividing the
pseudo-fluorescence intensity by the reference light
intensity; and

produce the fluorescent image based on the pseu-
do-fluorescence yield.

[0037] A second fluorescent image obtainment appa-
ratus of the present invention is a fluorescent image ob-
tainment apparatus comprising:

an illumination light source means that continuously
outputs illumination light;

an excitation light source means that is pulse-driven
based on a pulse signal to output pulsed excitation
light;

an illumination means that illuminates substantially
the same position of a region to be observed with
the illumination light and the excitation light;
animaging means that captures animage composed
of light reflected from the region to be observed by
illumination with the illumination light, and an image
including fluorescence output from the region to be
observed by illumination with the excitation light;
an image processing means that produces an ordi-
nary image based on the image composed of the
reflection light, the image having been captured by
the imaging means, and that produces a fluorescent
image based on the image including fluorescence,
the image having been captured by the imaging
means; and

a light amount control means that controls the light
amount of the illumination light so that a represent-
ative luminance value of the ordinary image be-
comes a predetermined luminance value, and that
controls the light amount of the excitation light by
controlling the pulse signal so that the ratio of the
light amount of the excitation light to the light amount
of the illumination light becomes a predetermined
ratio.
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[0038] Further,inthe second fluorescentimage obtain-
ment apparatus of the present invention, the excitation
light source means may output, at a predetermined cycle,
one or a plurality of beams of pulsed excitation light in a
predetermined time period in which the excitation light
can be output. Further, the light amount control means
may control the light amount of the excitation light by
changing the number of beams of the pulsed excitation
light in the predetermined time period in which the exci-
tation light can be output and/or the light output time pe-
riod of the pulsed excitation light in the predetermined
time period in which the excitation light can be output.
[0039] Further, each of the first and second fluorescent
image obtainment apparatuses of the present invention
may further include a setting means that sets the ratio of
the light amount of the excitation light to the light amount
of the illumination light by an input operation.

[0040] Athird fluorescentimage obtainment apparatus
of the present invention is a fluorescent image obtain-
ment apparatus comprising:

an illumination light source means that continuously
outputs illumination light;

an excitation light source means that is pulse-driven
based on a pulse signal to output pulsed excitation
light;

an illumination means that illuminates substantially
the same position of a region to be observed with
the illumination light and the excitation light;

an imaging means that captures a first image com-
posed of light reflected from the region to be ob-
served in a time period when the region to be ob-
served is illuminated only with the illumination light
and that captures a second image composed of light
reflected from the region to be observed and fluo-
rescence output from the region to be observed in a
time period when the region to be observed is illu-
minated with both of the illumination light and the
excitation light; and

an image processing means that produces an ordi-
nary image based on the first image and that pro-
duces, based on the ordinary image and a combined
image that is based on the second image, a fluores-
cent image.

[0041] Further, in the third fluorescent image obtain-
ment apparatus of the present invention, the image
processing means may produce an image for display by
performing an operation by using at least two of the or-
dinary image, the fluorescent image and the combined
image.

[0042] Further, the image processing means may pro-
duce, based on the luminance ratio between the ordinary
image and the fluorescent image, the image for display.
[0043] Further, the image processing means may per-
form spectral image processing on at least one of the
ordinary image, the fluorescentimage and the combined
image.
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[0044] Further, a selection means that can select
whether the spectral image processing is performed on
at least one of the ordinary image, the fluorescent image
and the combined image may be further provided.
[0045] In the second and third fluorescent image ob-
tainment apparatuses, the expression "illuminates sub-
stantially the same position of a region to be observed"
means that the illumination range (area) with the illumi-
nation light and the illumination range (area) with the ex-
citation light are at least partially overlap with each other.
[0046] A fourth fluorescent image obtainment appara-
tus of the present invention is a fluorescent image ob-
tainment apparatus comprising:

a light illumination means that illuminates a region
to be observed with illumination light and excitation
light at the same time;

animaging means that captures animage composed
of light reflected from a region to be observed by
illumination with the illumination light, and fluores-
cence output from the region to be observed by illu-
mination with the excitation light;

a storage unit that stores an estimation matrix for
calculating estimated spectral data; and

an image processing means that calculates estimat-
ed spectral data of a specific fluorescence wave-
length band for each pixel of an image signal that
has been output from the imaging means, the spe-
cific fluorescence wavelength band including at least
an approximate center wavelength band of the fluo-
rescence and the estimated spectral data being cal-
culated based an image signal value of each of the
pixels and the estimation matrix, and obtains, based
on the estimated spectral data of the specific fluo-
rescence wavelength band, information that reflects
theradiation intensity of the fluorescence output from
the region to be observed, and produces a fluores-
centimage based on the information thatreflects the
radiation intensity of the fluorescence.

[0047] In the fourth fluorescent image obtainment ap-
paratus of the present invention, the "estimation matrix
for calculating estimated spectral data" may take the
spectral characteristic of illumination light and the spec-
tral characteristic of the imaging means into considera-
tion. Further, the estimation matrix may be used to cal-
culate estimated spectral data including estimated spec-
tral reflectance information about the region to be ob-
served by performing matrix operation using the image
signal. Further, the expression "specific fluorescence
wavelength band including at least an approximate cent-
er wavelength band of the fluorescence" means a wave-
length band including at least the center wavelength of
the fluorescence or a wavelength in the vicinity of the
center wavelength of the fluorescence. The specific flu-
orescence wavelength band should substantially reflect
theintensity of the fluorescence. Further, the "information
that reflects the radiation intensity of the fluorescence
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output from the region to be observed" should reflect at
least whether the radiation intensity of fluorescence out-
put from the region to be observed is high or low (the
value of the intensity or the like).

[0048] In the fourth fluorescent image obtainment ap-
paratus of the present invention, the light illumination
means may illuminate the region to be observed with
reference light that has a wavelength different from that
of the excitation light at the same time as illuminating the
region to be observed with the excitation light. Further,
the imaging means may capture an image including re-
flection light of the reference light, the reflection light hav-
ing been reflected from the region to be observed. Fur-
ther, the image processing means may calculate refer-
ence light intensity that is the intensity of reflection light
of the reference light, the reflection light being included
in the image captured by the imaging means, and calcu-
late, based on the estimated spectral data of the specific
fluorescence wavelength band, pseudo-fluorescence in-
tensity, which is the intensity of light in the specific fluo-
rescence wavelength band, and calculate a pseudo-flu-
orescence yield, as radiation intensity information about
the fluorescence, by dividing the pseudo-fluorescence
intensity by the reference light intensity.

[0049] In the fourth fluorescent image obtainment ap-
paratus of the presentinvention, the "reference light" may
be light in a wavelength band that is different from the
wavelength band of the illumination light. For example,
the reference light may be IR light (infrared rays) or the
like. The wavelength band of the reference light may be
included in the wavelength band of the illumination light.
When the wavelength band of the reference light is in-
cluded in the wavelength band of the illumination light,
the whole illumination light or light in a part of the wave-
length band of the illumination light may be used as the
reference light.

[0050] Further, the image processing means may ob-
tain, for each pixel of the image signal output from the
imaging means, estimated spectral data of a semi-ordi-
nary wavelength band that does not include the specific
fluorescence wavelength band by using the image signal
value of each of the pixels and the estimation matrix, and
produce a pseudo-ordinary image based on the estimat-
ed spectral data of the semi-ordinary wavelength band.
[0051] Here, the "semi-ordinary wavelength band"
may be the wavelength band of the illumination light ex-
cluding a specific fluorescence wavelength band. Alter-
natively, the "semi-ordinary wavelength band" may be a
part of the wavelength band of the illumination light. Fur-
ther, the "pseudo ordinary image" may be either a color
image or a black-and-white image (a gray-scale image) .
[0052] Further, a display processing means that pro-
duces a fluorescence superimposed image in which the
fluorescent image is superimposed on the pseudo-ordi-
nary image may be provided.

[0053] Further, an input means that sets the specific
fluorescence wavelength band by an input operation may
be provided.
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[0054] A fluorescence endoscope apparatus of the
present invention is a fluorescence endoscope appara-
tus comprising:

an illumination light unit that includes a light source
forillumination light that outputs the illumination light;
an excitation light unit that is detachably connected
to the illumination light unit and that includes a light
source for excitation light that outputs the excitation
light;

a first light guide means that guides the illumination
light or the excitation light to illuminate a region to
be observed with the illumination light or the excita-
tion light;

animaging means that captures animage composed
of light reflected from the region to be observed by
illumination with the illumination light or an image
composed of fluorescence output from the region to
be observed by illumination with the excitation light;
an image processing means that produces an ordi-
nary image based on the image composed of the
reflection light, the image having been captured by
the imaging means, and that produces a fluorescent
image based on the image composed of the fluores-
cence, the image having been captured by the im-
aging means;

a detection means that detects whether the excita-
tion light unit is connected to the illumination light
unit; and

a light-output prevention means that prevents the
excitation light unit from outputting the excitation light
when the detection means has not detected that the
excitation light unit is connected to the illumination
light unit.

[0055] Inthe fluorescence endoscope apparatus of the
present invention, the illumination light and the excitation
light may be output at the same time. Alternatively, the
illumination light and the excitation light may be output
in time division. Further, the first light guide means may
guide one of the illumination light and the excitation light.
Alternatively, the first light guide means may guide both
of the illumination light and the excitation light. Further,
the imaging means may separately obtain animage com-
posed of light reflected from a region to be observed that
has been illuminated with illumination light and an image
composed of fluorescence output from the region to be
observed that has been illuminated with excitation light.
Alternatively, the imaging means may obtain an image
in which an image composed of reflection light and an
image composed of fluorescence are superimposed one
on the other.

[0056] Inthe fluorescence endoscope apparatus of the
present invention, the illumination light unit may include
a second light guide means that guides the excitation
light. Further, the excitation light unit may include a third
light guide means that extends to the outside of the ex-
citation light unit and that guides the excitation light. Fur-
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ther, the detection means may detect whether the second
light guide means and the third light guide means are
optically connected to each other.

[0057] Further, the excitation light unit may include a
drive unit for excitation light that drives the light source
for excitation light. When the light-output prevention
means prevents the excitation light unit from outputting
the excitation light, the light-output prevention means
may prevent the drive unit for excitation light and the light
source for excitation light from being electrically connect-
ed to each other.

[0058] Further, the illumination light unit may include
adrive unitforillumination light that drives the light source
for illumination light and an illumination light control unit
that controls the drive unit for illumination light. Further,
the excitation light unit may include a drive unit for exci-
tation light that drives the light source for excitation light
and an excitation light control unit that controls the drive
unit for excitation light. Further, the detection means may
further detect whether the illumination light control unit
and the excitation light control unit are electrically con-
nected to each other.

[0059] Further, an operation may be performed in an
ordinary image mode or in a fluorescent image mode. In
the ordinary image mode, the illumination light is output
and the ordinary image is produced. In the fluorescent
image mode, the excitation light is output and the fluo-
rescent image is produced. Further, when the detection
means has not detected that the excitation light unit is
connected to the illumination light unit, the operation in
the fluorescent image mode is not performed.

[0060] Further, an excitation light unit of the present
invention may be an excitation light unit detachably con-
nected to an illumination light unit of an endoscope ap-
paratus, wherein the endoscope apparatus includes:

the illumination light unit that has a light source for
illumination light that outputs illumination light;

a first light guide means that guides the illumination
light or excitation light to illuminate a region to be
observed with the illumination light or the excitation
light;

an imaging means that captures an image of the re-
gion to be observed that has been illuminated with
the illumination light or a fluorescence image of the
region to be observed that has been illuminated with
the excitation light; and

an image processing means that produces an ordi-
nary image based on the image of the region to be
observed, the image having been captured by the
imaging means, and that produces a fluorescent im-
age based on the fluorescence image of the region
to be observed, the fluorescence image having been
captured by the imaging means,

the excitation light unit comprising:

a light source for excitation light that outputs the
excitation light;
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a detection means that detects whether the ex-
citation light unit is connected to the illumination
light unit; and

a light-output prevention means that prevents
the excitation light unit from outputting the exci-
tation light to the outside of the excitation light
unitwhen the detection means has detected that
the excitation light unit is not connected to the
illumination light unit.

[0061] In the first through fourth fluorescent image ob-
tainment apparatuses and fluorescence endoscope ap-
paratuses of the present invention, the "illumination light"
may be, for example, white light of continuous wave-
lengths. Alternatively, the "illumination light" may be
white light obtained by outputting R (red) light, G (green)
light and B (blue) light at the same time.

[0062] According to the first fluorescent image obtain-
ment method and apparatus of the present invention,
when an image composed of light reflected from a region
to be observed, the region having been illuminated with
illumination light, and an image composed of fluores-
cence output from the region to be observed, the region
having been illuminated with excitation light at the same
time as illumination with the illumination light, are cap-
tured, and an ordinary image is produced based on the
captured image composed of the reflection light, and a
fluorescent image is produced based on the captured
image composed of fluorescence, the light amount of the
illumination light is controlled so that a representative lu-
minance value of the ordinary image becomes a prede-
termined luminance value, and the light amount of the
excitation light is controlled so that the ratio of the light
amount of the excitation light to the light amount of the
illumination light becomes a predetermined ratio. There-
fore, it is possible to prevent the risk of increasing the
light amount of the excitation light when the distance be-
tween the excitation light output end and the region to be
observed is short, in other words, when the light amount
of the excitation light should not be increased. Therefore,
it is possible to obtain a fluorescent image that reflects
the tissue characteristic of the region to be observed.
Hence, it is possible to improve the reliability of the fluo-
rescent image.

[0063] Further,accordingto the second fluorescentim-
age obtainment method and apparatus of the present
invention, a white light source means is driven so as to
continuously output white light, and an excitation light
source means is pulse-driven based on a pulse signal
so as to output pulsed excitation light. Further, an image
composed of light reflected from a region to be observed
by illumination with the illumination light, and an image
including fluorescence output from the region to be ob-
served by illumination with the excitation light are cap-
tured. An ordinary image is produced based on the cap-
tured image composed of the reflection light, and a fluo-
rescent image is produced based on the captured image
including fluorescence. Further, the light amount of the
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illumination light is controlled so that a representative lu-
minance value of the ordinary image becomes a prede-
termined luminance value, and the light amount of the
excitation lightis controlled by controlling the pulse signal
so that the ratio of the light amount of the excitation light
to the light amount of the illumination light becomes a
predetermined ratio. Therefore, it is possible to constant-
ly control the ratio of the light amount of the excitation
light to the light amount of the illumination light at a con-
stant value. Further, it is possible to constantly maintain
the good balance between the lightness of the ordinary
image and the lightness of the fluorescent image. Fur-
ther, since the light amount of the excitation light is con-
trolled by digitally controlling the pulse signal, it is possi-
ble to improve the noise resistance. Further, since pulse
driving is performed, it is possible to increase the light
amount when the excitation light is output. Hence, it is
possible to contribute to reduction of the cost of the light
source.

[0064] Further, in the first and second fluorescent im-
age obtainment methods and apparatuses of the present
invention, when a setting means that sets the ratio of the
light amount of the excitation light to the light amount of
the illumination light by an input operation is provided,
the ratio of the light amount of the excitation light to the
light amount of the illumination light can be arbitrarily set.
Therefore, it is possible to set a ratio that is appropriate
for the purpose of diagnosis or the like. Hence, it is pos-
sible to contribute to highly accurate screening.

[0065] Further, according to the third fluorescent im-
age obtainment method and apparatus of the present
invention, an illumination light source means is driven so
as to continuously output illumination light, and an exci-
tation light source means is pulse-driven so as to output
pulsed excitation light. Further, a region to be observed
is continuously illuminated with the illumination light, and
a region that is substantially the same as the region illu-
minated with the illumination light is illuminated with the
pulsed excitation light. Further, a first image composed
of light reflected from the region to be observed is cap-
tured in a time period when the region to be observed is
illuminated only with the illumination light in the process
of continuously illuminating the region to be observed
with the illumination light and illuminating substantially
the same region with the pulsed excitation light, and a
secondimage composed of light reflected from the region
to be observed and fluorescence output from the region
to be observed is captured in a time period when the
region to be observed is illuminated with both of the illu-
mination light and the excitation light in the process of
continuously illuminating the region to be observed with
the illumination light and illuminating substantially the
same region with the pulsed excitation light. Further, an
ordinary image based on the firstimage is produced, and
a fluorescent image based on the first image and the
second image is produced. Therefore, it is possible to
produce the ordinary image and the fluorescent image
without providing a mechanical structure, such as a spec-

10

15

20

25

30

35

40

45

50

55

10

tral structure. Hence, it is possible to simplify the whole
apparatus and to reduce the cost of the apparatus.
[0066] Further, in the third fluorescent image obtain-
ment apparatus of the present invention, when an image
for display is produced by performing an operation by
using at least two of the ordinary image, the fluorescent
image and the combined image or when spectral image
processing is performed on at least one of the ordinary
image, the fluorescent image and the combined image,
it is possible to produce an image for display that can
make it possible to perform more accurate screening.
[0067] When a selection means that can select wheth-
er the spectral image processing is performed on at least
one of the ordinary image, the fluorescentimage and the
combined image is further provided, and the spectral im-
age processing is performed, if the selection means se-
lects performance of the spectral image processing, it is
possible to produce an image for display that is appro-
priate for the purpose of the image.

[0068] Further, according to the fourth fluorescent im-
age obtainment method and apparatus of the present
invention, an image composed of light reflected from a
regiontobe observed, the region having been illuminated
with illumination light, and fluorescence output from the
regiontobe observed, the region having been illuminated
with excitation light at the same time as illumination with
the illumination light, is captured. Further, estimated
spectral data of a specific fluorescence wavelength band
for each pixel of image signals of the captured image,
the specific fluorescence wavelength band including at
least an approximate center wavelength band of the flu-
orescence, is calculated based an image signal value of
each of the pixels and an estimation matrix for calculating
the estimated spectral data, and the estimation matrix
having been stored in advance. Further, information that
reflects the radiation intensity of the fluorescence output
from the region to be observed is obtained based on the
estimated spectral data of the specific fluorescence
wavelength band, and a fluorescent image is produced
based on the information that reflects the radiation inten-
sity of the fluorescence. Therefore, it is possible to pre-
vent the number of obtainable frames of the fluorescent
image per unit time from decreasing. Hence, even when
the fluorescent image is displayed as a motion image, it
is possible to produce an efficient image for display.
[0069] Further, the fluorescence endoscope appara-
tus of the present invention includes an illumination light
unit that includes a light source for illumination light that
outputs the illumination light, and an excitation light unit
that is detachably connected to the illumination light unit
and that includes a light source for excitation light that
outputs the excitation light. Further, the fluorescence en-
doscope apparatus includes a first light guide means that
guides the illumination light or the excitation light to illu-
minate a region to be observed with the illumination light
or the excitation light, and an imaging means that cap-
tures an image composed of light reflected from the re-
gion to be observed by illumination with the illumination
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light or an image composed of fluorescence output from
the region to be observed by illumination with the exci-
tation light. Further, the fluorescence endoscope appa-
ratus includes an image processing means that produces
an ordinary image based on the image composed of the
reflection light, the image having been captured by the
imaging means, and that produces a fluorescent image
based on the image composed of the fluorescence, the
image having been captured by the imaging means, and
a detection means that detects whether the excitation
light unit is connected to the illumination light unit. Fur-
ther, the fluorescence endoscope apparatus includes a
light-output prevention means that prevents the excita-
tion light unit from outputting the excitation light when the
detection means has not detected that the excitation light
unit is connected to the illumination light unit. Therefore,
when the excitation light unit is not connected to the illu-
mination light unit, the excitation light is not output from
the excitation light unit. Hence, even if the user of the
fluorescence endoscope apparatus is not familiar with or
not used to handling of the light source for excitation light,
such as high-luminance LED or laser, it is possible to
safely obtain the fluorescent image.

[0070] Further, the excitation light unit of the present
invention is an excitation light unit detachably connected
to an illumination light unit of an endoscope apparatus
that includes:

the illumination light unit that has a light source for
illumination light that outputs illumination light;

a first light guide means that guides the illumination
light or excitation light to illuminate a region to be
observed with the illumination light or the excitation
light;

an imaging means that captures an image of the re-
gion to be observed that has been illuminated with
the illumination light or a fluorescence image of the
region to be observed that has been illuminated with
the excitation light; and

an image processing means that produces an ordi-
nary image based on the image of the region to be
observed, the image having been captured by the
imaging means, and that produces a fluorescent im-
age based on the fluorescence image of the region
to be observed, the fluorescence image having been
captured by the imaging means. Further, the excita-
tion light unit includes:

a light source for excitation light that outputs the
excitation light;

a detection means that detects whether the ex-
citation light unit is connected to the illumination
light unit; and

a light-output prevention means that prevents
the excitation light unit from outputting the exci-
tation light to the outside of the excitation light
unitwhen the detection means has detected that
the excitation light unit is not connected to the
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illumination light unit. Therefore, when the exci-
tation light unit is not connected to the illumina-
tion light unit, the excitation light is not output
from the excitation light unit. Hence, even if the
user of the fluorescence endoscope apparatus
is not familiar with or not used to handling of the
light source for excitation light, such as high-lu-
minance LED or laser, it is possible to safely
handle the excitation light unit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0071]

Figure 1 is a block diagram illustrating the configu-
ration of a fluorescence endoscope apparatus to
which a first embodiment of the present invention
has been applied;

Figure 2A is a diagram illustrating the relation be-
tweenwavelengths and pseudo-spectral reflectance
data;

Figure 2B is a diagram illustrating the relation be-
tween wavelengths and spectral reflectance data;
Figure 3is a diagram illustrating the relation between
wavelengths in a specific fluorescence wavelength
band and pseudo-spectral reflectance data;

Figure 4 is a diagram illustrating the relation between
wavelengths in a semi-ordinary wavelength band
and pseudo-spectral reflectance data;

Figure 5 is a diagram for explaining a method for
assigning color to a fluorescence vyield;

Figure 6 is a diagram for explaining another method
for assigning color to a fluorescence yield;

Figure 7 is a block diagram illustrating the configu-
ration of a modified example of the fluorescence en-
doscope apparatus to which the first embodiment of
the present invention has been applied;

Figure 8 is a block diagram illustrating the configu-
ration of a fluorescence endoscope apparatus to
which a second embodiment of the present invention
has been applied;

Figure 9 is a diagram illustrating an example of light
output pattern of illumination light and excitation light
in the fluorescence endoscope apparatus in the sec-
ond embodiment of the present invention;

Figure 10 is a diagram illustrating another example
of light output pattern of illumination light and exci-
tation lightin the fluorescence endoscope apparatus
of the second embodiment of the present invention;
Figure 11 is a block diagram illustrating the config-
uration of a modified example of the fluorescence
endoscope apparatus to which the second embodi-
ment of the present invention has been applied;
Figure 12 is a block diagram illustrating the config-
uration of a fluorescence endoscope apparatus to
which a third embodiment of the present invention
has been applied;

Figure 13 is a diagram illustrating an example of light



21 EP 2 409 635 B1 22

output pattern of illumination light and excitation light
in the fluorescence endoscope apparatus of the third
embodiment of the present invention;

Figure 14 is a diagram illustrating the configuration
of a modified example of the fluorescence endo-
scope apparatus to which the third embodiment of
the present invention has been applied; and

Figure 15 is a diagram for explaining the spectrum
of fluorescence output from normal tissue and lesion
tissue.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0072] Hereinafter, with reference to drawings, a first
embodiment of the present invention will be described in
detail. Figure 1 is a schematic diagram illustrating the
configuration of a fluorescence endoscope apparatus to
which a first embodiment of the present invention has
been applied.

[0073] A fluorescence endoscope apparatus 100 ac-
cording to the present embodiment operates in an ordi-
nary image mode and in a fluorescent image mode. In
the ordinary image mode, a region 10 to be observed is
illuminated with illumination light L1 to obtain color ordi-
nary images and the obtained images are displayed as
a motion image (a video image, a dynamic image or the
like) . In the fluorescent image mode, the region 10 to be
observed is illuminated with the illumination light L1 and
excitation light L2 to obtain color images, and pseu-
do-color ordinary images are obtained from the obtained
color images by operation processing, which will be de-
scribed later. Further, the pseudo-color ordinary images
and fluorescence superimposed images are displayed
as a motion image. As illustrated in Figure 1, the fluores-
cence endoscope apparatus 100 includes a scope unit
110, a processor unit 170, an illumination light unit 150,
and an excitation light unit 130. The scope unit 110 is
inserted into the body cavity of a person to be examined
(a subject to be examined or a patient) to observe the
region 10 to be observed. The processor unit 170 is elec-
trically connected to the scope unit 110 in a detachable
manner. The illumination light unit 150 is optically con-
nected to the scope unit 110 in a detachable manner,
and stores a xenon lamp 151 that outputs the illumination
light L1. The excitation light unit 130 is both electrically
and optically connected to the illumination light unit 150
in a detachable manner, and stores a GaN-based sem-
iconductor laser 131 that outputs the excitation light L2.
The processor unit 170 and the illumination light unit 150
may be structured as a single body or as separate bodies.
[0074] Further, an optical system 111 for illumination
is provided at a leading end of the scope unit 110. The
optical system 111 for illumination faces an end of a light
guide 112 that guides the illumination light L1. The light
guide 112 extends to the outside of the scope unit 110,
and an optical connector 113 is provided at the other end
of the light guide 112 to be detachably connected to an
optical connector 153 of the illumination light unit 150,
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which will be described later.

[0075] Further, at a leading end of the scope unit 110,
an imaging lens 115, an excitation light cut filter 116, and
aCCD (charge coupled device) 117, whichis a solid-state
imaging device, are coaxially provided in this order. The
imaging lens 115 forms an image of the region 10 to be
observed onthe CCD 117. Further, as the excitation light
cut filter 116, a filter that blocks only the excitation light
and transmits light of the other wavelengths, such as a
notch filter that blocks light only in an extremely narrow
band for example, may be used. Further, a primary-color-
type mosaic filterincluding an RGB color filter is attached
to the imaging surface of the CCD 117. A CCD drive
circuit 118 and a CDS/AGC (correlated double sampling
/ automatic gain control) circuit 119 are connected to the
CCD 117. The CCD drive circuit 118 forms a drive pulse
based on a synchronized signal, and the CDS/AGC cir-
cuit 119 samples and amplifies an image (video) signal
output from the CCD 117. Further, an A/D (analog to
digital) converter 120 that digitizes an analog output from
the CDS/AGC circuit 119 is connected to the CDS/AGC
circuit 119. Further, in the scope unit 110, a control unit
121 is provided. The control unit 121 controls each circuit
provided in the scope unit 110, and controls communi-
cation between the processor unit 170 and the scope unit
110. Further, a press-type switch 122 is connected to the
control unit 121 and provided in the vicinity of the base
portion (portion close to the user who handles the scope
unit 110) of the scope unit 110. The press-type switch
122 is used to switch the operation modes. Further, an
end of a signal line 125 is connected to the A/D converter
120, and an end of a signal line 126 is connected to the
control unit 121. The signal line 125 and the signal line
126 extend to the outside of the main body of the scope
unit 110, and a connector 127 is connected to the other
end of the signal line 125 and the other line of the signal
line 126. The connector 127 is detachably connected to
a connector 194 of the processor unit 170, which will be
described later.

[0076] The illumination light unit 150 includes a xenon
lamp 151 that outputs the illumination light L1, a drive
circuit 152 that drives the xenon lamp 151, and an optical
connector 153. The optical connector 153 is detachably
connected to the optical connector 113 that is provided
at an end of the light guide 112 of the scope unit 110.
Further, a connection detection unit 154 that detects
whether the optical connector 153 is connected to the
optical connector 113 is provided for the optical connec-
tor 153. Further, a wavelength filer 155, a diaphragm (an
aperture diaphragm) 156, a dichroic mirror 157, a con-
densing lens 158, and a rotary shutter 159 are arranged
between the xenon lamp 151 and the optical connector
153. The wavelength filer 155 limits the wavelength band
of the illumination light L1 to a wavelength band that is
longer than or equal to 410 nm and shorter than or equal
to 700 nm. The diaphragm 156 controls the light amount
of the illumination light L1, and the dichroic mirror 157
transmits light that has a wavelength of longer than or
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equal to 410 nm and reflects light that has a wavelength
shorter than 410 nm at a right angle. Further, the illumi-
nation light unit 150 includes an optical connector 161
that is detachably connected to an optical connector 136
that is provided at a leading end of a light guide 133 of
the excitation light unit 130, which will be described later.
Further, a connection detection unit 162 that detects
whether the optical connector 161 is connected to the
optical connector 136 is provided for the optical connec-
tor 161. The optical connector 161 is connected to an
end (light incident end) of a light guide 163 that guides
the excitation light within the illumination light unit 150.
Further, the other end (light output end) of the light guide
163 is placed at a position so that the excitation light L2
output from the light guide 163 enters the dichroic mirror
157. Further, a lens 164 is provided between the light
output end of the light guide 163 and the dichroic mirror
157.

[0077] Further, the illumination light unit 150 includes
a connector 165 that is detachably connected to a con-
nector 142 of the excitation light unit 130, which will be
described alter. The connector 165 has a connection de-
tection unit 166 that detects whether the optical connec-
tor 165is connected to the optical connector 142. Further,
the illumination light unit 150 includes a control unit 167
thatis connected to each element, such as the connector
165 and the connection detection unit 166, provided in
the illumination light unit 150, and that controls each of
the elements. Further, the control unit 167 controls com-
munication with the processor unit 170 and the excitation
light unit 130.

[0078] The excitation light unit 130 includes a
GaN-based semiconductor laser 131 that outputs exci-
tation light L2, a drive circuit 132 that drives the semicon-
ductor laser 131, and a light guide 133 that guides the
excitation light L2 output from the semiconductor laser
131. The light guide 133 extends from the case of the
excitation light unit 130, and the other end of the light
guide 133 is connected to the optical connector 136. The
optical connector 136 is detachably connected to the op-
tical connector 161 of the illumination light unit 150. A
switch 134 is provided between the semiconductor laser
131 and the drive circuit 132, and a light-condensing op-
tical system 135 is provided between the semiconductor
laser 131 and an end (light incident end) of the light guide
133.

[0079] Further, the excitation light unit 130 includes a
control unit 140 that is connected to each element, such
as the drive circuit 132 and the switch 134, provided in
the excitation light unit 130, and that controls each of the
elements. Further, the control unit 140 controls commu-
nication between the illumination light unit 150 and the
excitation light unit 130. The control unit 140 is connected
to an end of a signal line 141. The signal line 141 extends
to the outside of the case of the excitation light unit 130,
and a connector 142 is provided at the other end of the
signal line 141. The connector 142 is detachably con-
nected to the connector 165 of the illumination light unit

10

15

20

25

30

35

40

45

50

55

13

150.

[0080] Meanwhile, a processing unit 172 is provided
in the processor unit 170. The processing unit 172 in-
cludes an ordinary image processing unit 174 and a dis-
play processing unit 176 that perform signal processing
when an ordinary image mode is selected. Further, the
processing unit 172 includes an estimated spectral data
calculation unit 180, an image processing unit 182 and
a display processing unit 184 that perform image
processing when a fluorescent image mode is selected.
Further, the processing unit 172 includes a light amount
control unit 186 that controls the intensity of the illumina-
tion light and the excitation light.

[0081] When the ordinary image mode is selected, the
ordinary image processing unit 174 performs various
kinds of image processing on three-color image signals
of R, G and B output from the A/D converter 120 of the
scope unit 110, and generates a Y/C signal composed
of a luminance (Y) signal and chrominance [C (R-Y and
B - Y)] signals. Further, the ordinary image processing
unit 174 outputs the Y/C signal to the display processing
unit 176. The display processing unit 176 performs var-
ious kinds of signal processing on the Y/C signal to gen-
erate color ordinary image signal for display. The color
ordinary image signal is output to a monitor 11, such as
a liquid crystal display and a CRT, for example.

[0082] When the fluorescent image mode is selected,
the estimated spectral data calculation unit 180 calcu-
lates estimated spectral data for each pixel by using the
three color image signal of R, G and B output from the
A/D converter 120 of the scope unit 110 and estimation
matrix data for calculating the spectral data, and the es-
timation matrix data having been stored in advance. Fur-
ther, the estimated spectral data calculation unit 180 out-
puts the estimated spectral data to the image processing
unit 182.

[0083] In the image processing unit 182, first, estimat-
ed spectral data for a specific fluorescence wavelength
band that includes the wavelength of 480 nm, which is
the center wavelength of the fluorescence output from
the region 10 to be observed when the region 10 is illu-
minated with the excitation light L2, is obtained. For ex-
ample, the specific fluorescence wavelength band is a
band of 460 nm to 500 nm. Further, a fluorescent image
is produced based on the estimated spectral data for the
specific fluorescence wavelength band. Further, estimat-
ed spectral data for a semi-ordinary wavelength band
that does not include the specific fluorescence wave-
length band is obtained. For example, the semi-ordinary
wavelength band is a band of 410 nm to 460 nm and a
band of 500 nm to 700 nm. Further, pseudo-color ordinary
image data and pseudo-black-and-white ordinary image
are produced based on the estimated spectral data for
the semi-ordinary wavelength band. Further, a fluores-
cence superimposed image data is generated by super-
imposing the fluorescent image data on the pseudo-
black-and-white ordinary image data. The pseudo-color
ordinary image data and the fluorescence superimposed
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image data are output to the display processing unit 184.
In the display processing unit 184, a display image that
displays the pseudo-color ordinary image data and the
fluorescence superimposed image data next to each oth-
eris produced, or a colorimage signal for display in which
the pseudo-color ordinary image data and the fluores-
cence superimposed image data are synthesized (com-
bined) into a single image is produced, and output to the
monitor 11.

[0084] The light amount control unit 186 is connected
to the ordinary image processing unit 174 and the image
processing unit 182. When anillumination ordinary image
mode is selected, the light amount control unit 186 con-
trols the light amount of the illumination light L1 based
on the luminance of the color ordinary image. When a
fluorescent image mode is selected, the light amount
control unit 186 controls the light amount of the illumina-
tion light L1 and the light amount of the excitation light
L2 based on the luminance of the pseudo-color ordinary
image.

[0085] Further, the processing unit 172 is connected
to a memory 190, a keyboard-type input unit 192 and a
connector 194. The connector 194 is detachably con-
nected to the connector 127 of the scope unit 110. The
connector 194 has a connection detection unit 195 that
detects whether the connector 127 is connected to the
connector 194. Further, the processing unit 172 is con-
nected to the control unit 121 of the scope unit 110, the
control unit 167 of the illumination light unit 150, and the
control unit 140 of the excitation light unit 130.

[0086] In the memory 190, estimation matrix data for
calculating the estimated spectral data of the region 10
to be observed is stored. The estimation matrix data is
stored, as a table, in the memory 190 in advance. The
estimation matrix data takes the spectral characteristic
of the illumination light L1 and the spectral characteristic
of the whole imaging system including the color sensitiv-
ity characteristics of the imaging device, the transmissiv-
ity of the color filter or the like, into consideration. The
spectral data of the region 10 to be observed is obtained
by performing an operation using the RGB image signals
obtained by imaging by the CCD 117 and the estimation
matrix data. Accordingly, the spectral data of the region
10 to be observed that depends on none of the type of
the illumination light, the unique spectral characteristic
of the imaging system and the like can be obtained. The
estimation matrix data is disclosed in Japanese Unex-
amined Patent Publication No. 2003-093336 and U. S.
Patent Application Publication No. 20070183162 or the
like in detail. The following Table 1 shows an example of
the estimation matrix data stored in the memory 190 in
the present embodiment:

Table 1
PARAMETER | ky | kg | koo
p1 Kqr kig K1p
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(continued)

PARAMETER | Kk, | kg | Ky

p18 Kigr kigg Kigb

p19 Kigr Kigg Kigb

p20 Kaor kaog Ka0b

p21 ka1r ka1g k21

p22 kaor kaag k221

p23 kasr ka3g ka3p

p43 Kaar ka3g Ks3p

pa4 Kaar kaag kaap

p45 Kyse LT Kssp

p46 Ks6r Ks6g Kseb

p47 Kazr kazg Ka7p

p48 Kagr kagg Kasp

p49 Kaor kaog Kaop

p50 ksor ksog Ksop

p51 Ksqr Ks1g Ks1p

p52 Ksar Ks2g Ksap

p59 Ksor Ksgg Ksop
[0087] The matrix data in Table 1 includes 59 wave-

length band parameters (coefficientsets) p1 through p59.
For example, the wavelength band of 410 nm to 700 nm
is divided into 59 at intervals of 5nm. Each of the param-
eters p1 through p59 includes coefficients K, K Kpb
(p = 1 to 59) for matrix operation.

[0088] Next, the operation of the fluorescence endo-
scope apparatus according to the present invention that
is structured as described above will be described. First,
an operation in the ordinary image mode will be de-
scribed. In the ordinary image mode, the region 10 to be
observed is illuminated with the illumination light L1 to
obtain color ordinary images, and the color ordinary im-
ages are displayed as a motion image.

[0089] Before the fluorescence endoscope apparatus
of the present embodiment is used, a washed and ster-
ilized scope unit 110 is attached to the processor unit
170 and the illumination light unit 150. Further, the con-
nector 127 connected to an end of the signal line 125 of

pr "pg’
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the scope unit 110 and an end of the signal line 126 of
the scope unit 110 is connected to the connector 194 of
the processor unit 170. Further, the optical connector 113
provided at the leading end of the light guide 112 is con-
nected to the optical connector 153 of the illumination
light unit 150. When the connector 127 is connected to
the connector 194, the connection detection unit 195 pro-
vided for the connector 194 sends a connection signal
to the processing unit 172. Further, when the optical con-
nector 113 is connected to the optical connector 153, the
connection detection unit 154 provided for the optical
connector 153 outputs a connection signal to the control
unit 167.

[0090] When the processing unit 172 receives connec-
tion signals from the connection detection unit 195 and
the connection detection unit 154, a rotary shutter 159
of the illumination light unit 150 is rotated so that an op-
eration in the ordinary image mode can be performed.
Further, the function mode of a predetermined key of the
input unit 192 is set through the processing unit 172 of
the processor unit 170. Further, the function mode of the
switch 122 is set through the processing unit 172 and the
control unit 121 of the scope unit 110. Since the process-
ing unit 172 controls processing, the operation mode
switches between a stop state and an ordinary image
mode when the user presses a predetermined key of the
input unit 192 or the switch 122.

[0091] When the user presses the predetermined key
of the input unit 192 or the switch 122 once, an operation
in the ordinary image mode starts. In the illumination light
unit 150, the xenon lamp 151 is turned on by the drive
circuit 152, and the illumination light L1 is output. The
illumination light L1 passes through the wavelength filter
155,the diaphragm 156 and the dichroic mirror 157 and
condensed onto the end surface of the optical connector
113 by the condensing lens 158. The condensed light
enters the light guide 112. The illumination light L1 prop-
agates through the light guide 112, and is output from
the leading end of the light guide 112. The output light is
output to the region 10 to be observed through the optical
system 111 for illumination, and illuminates the region
10 to be observed.

[0092] The wavelengthband of theillumination light L1
is limited to greater than or equal to 410 nm and less than
or equal to 700 nm by the wavelength filter 155. The light
amount of the illumination light L1 is controlled by the
diaphragm 156. The light amount control operation of the
illumination light L1 by the diaphragm 156 will be de-
scribed later.

[0093] The CCD 117 that is driven by the CCD drive
circuit 118 captures an image of the region 10 to be ob-
served, and outputs an imaging signal. The imaging sig-
nal is amplified in the CDS/AGC circuit 119 by correlated
double sampling and automatic gain control. Further, A/D
conversion is performed on the amplified imaging signal
in the A/D converter 120, and output as an RGB color
image to the ordinary image processing unit 174 in the
processing unit 172 of the processor unit 170. In the or-
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dinary image processing unit 174, when the ordinary im-
age mode is selected, various kinds of signal processing
is performed on the three color image signal of R, G and
B that has been output from the A/D converter 120 of the
scope unit 110. After the image processing, a Y/C signal
(color ordinary image signal) that is composed of lumi-
nance signal Y and chrominance signals C is generated,
and output to the display processing unit 176. In the dis-
play processing unit 176, various kinds of signal process-
ing, such as I/P conversion and noise removal process-
ing, is performed on the Y/C signal, and the processed
signal is output to the monitor 11.

[0094] Further, the ordinary image processing unit 174
outputs the luminance signal Y for each pixel or an av-
erage luminance signal Y’ of a plurality of adjacent pixels
to the light amount control unit 186. The light amount
control unit 186 calculates an average luminance value
Ya of pixels in a specified area for each frame, and com-
pares the average luminance value Ya with a reference
luminance value Yr (standard luminance value) that has
been stored in the memory 190 in advance. Further, the
light amount control unit 186 selects a diaphragm control
signal based on the result of comparison, and outputs
the diaphragm control signal to the control unit 167 of the
illumination light unit 150. As the diaphragm control sig-
nal, when the average luminance value Yais greater than
the reference luminance value Yr, a signal that reduces
the aperture amount of the diaphragm 156 is selected,
in other words, a signal that reduces the light passing
through the aperture of the diaphragm 156 is selected.
When the average luminance value Ya is smaller than
the reference luminance value Yr, a signal that increase
the aperture amount of the diaphragm 156 is selected,
in other words, a signal that increases the light passing
through the aperture of the diaphragm 156 is selected.
When the average luminance value Ya and the reference
luminance value Yr are substantially the same, a signal
that maintains the same aperture amount is selected.
[0095] The control unit 167 of the illumination light unit
150 controls the aperture amount of the diaphragm 156
based on the diaphragm control signal.

[0096] Next, an operation in the fluorescent image
mode will be described. Before the fluorescence endo-
scope apparatus is used in the fluorescent image mode,
awashed and sterilized scope unit 110 is attached to the
processor unit 170 and the illumination light unit 150.
Further, the connector 127 connected to an end of the
signal line 125 of the scope unit 110 and an end of the
signal line 126 of the scope unit 110 is connected to the
connector 194 of the processor unit 170. When the con-
nector 194 is connected to the connector 127, the con-
nection detection unit 195 provided for the connector 194
outputs a connection signal to the processing unit 172.
Further, the optical connector 113 provided at the leading
end of the light guide 112 is connected to the optical
connector 153 of the illumination light unit 150. When the
optical connector 153 is connected to the connector 113,
the connection detection unit 154 provided for the optical



29 EP 2 409 635 B1 30

connector 153 sends a connection signal to the control
unit 167.

[0097] Further, the excitation light unit 130 is connect-
ed to the illumination light unit 150. The connector 142
provided at the leading end of the signal line 141 of the
excitation light unit 130 is connected to the connector
165 of the illumination light unit 150. When the connector
142 is connected to the connector 165, the connection
detection unit 166 provided for the connector 165 outputs
a connection signal to the control unit 167. Further, the
optical connector 136 provided at the leading end of the
light guide 133 is connected to the optical connector 161
of the illumination light unit 150. When the optical con-
nector 136 is connected to the optical connector 161, the
connection detection unit 162 provided for the optical
connector 161 outputs a connection signal to the control
unit 167.

[0098] The control unit 140 of the excitation light unit
130 communicates with the control unit 167 of the illumi-
nation light unit 150. When the control unit 140 receives
connection signals from the connection detection unit
166 and the connection detection unit 162, the control
unit 140 closes (connects) the switch 134 of the excitation
light unit 130 to electrically connect the semiconductor
laser 131 and the drive circuit 132. Consequently, the
semiconductor laser 131 becomes drivable by the drive
circuit 132. Further, the function mode of a predetermined
key of the input unit 192 is set through the processing
unit 172 of the processor unit 170. Further, the function
mode of the switch 122 is set through the processing unit
172 and the control unit 121 of the scope unit 110. Since
the control unit 140 controls processing, the operation
mode switches between a stop state, an ordinary image
mode and a fluorescent image mode when the user
presses a predetermined key of the input unit 192 or the
switch 122. When the connection signals are not received
from both of the connection detection unit 166 and the
connection detection unit 162, in other words, when no
connection signals are received from the two connection
detection units, or no connection signal is received from
one of the connection detection units, the switch 134 in
the excitation light unit 130 is constantly open (discon-
nected). Hence, when the excitation light unit 130 is not
connected to the illumination light unit 150, the semicon-
ductor laser 131 is not driven.

[0099] Further, when the fluorescence endoscope ap-
paratus is operating in the ordinary image mode, if the
user (doctor or the like) presses the predetermined key
of the input unit 192 or the switch 122 once, the operation
in the fluorescent image mode starts.

[0100] The operation of the excitation light unit 130
starts in addition to the operation of the illumination light
unit 150. The semiconductor laser 131 is driven by the
drive circuit 132, and excitation light L2 that has a wave-
length of 405 nm is output. The excitation light L2 is con-
densed by the light-condensing optical system 135, and
enters the end surface of the light guide 133. The exci-
tation light L2 propagates through the light guide 133,
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and enters the light guide 163 through the optical con-
nector 136 and the optical connector 161. The excitation
light L2 propagates through the light guide 163 and is
output from an end of the light guide 163. The output
excitation light L2 is collimated by a collimator lens 164,
and enters the dichroic mirror 157. Since the wavelength
of the excitation light L2 is 405 nm, the excitation light L2
is reflected at a right angle from the dichroic mirror 157,
and condensed onto the end surface of the optical con-
nector 113 by the condensing lens 158. The condensed
light enters the light guide 112. The excitation light L2
propagates through the light guide 112, and is output
from the leading end of the light guide 112. Further, the
excitationlight L2 is outputto the region 10 to be observed
through the optical system 111 for illumination to illumi-
nate the region 10 to be observed. In this case, the region
10 to be observed is illuminated with both of the illumi-
nation light L1 and the excitation light L2 at the same
time. The light amount of the excitation light L2 is con-
trolled by the drive current of the drive circuit 132. The
light amount control operation of the excitation light L2
by the drive circuit will be described later.

[0101] The CCD 117 that is driven by the CCD drive
circuit 118 captures an image composed of the reflection
light of the illumination light L1, reflected from the region
10 to be observed, and fluorescence output from the re-
gion 10 to be observed, the fluorescence being output
by illumination with the excitation light L2. Since an ex-
citation light cut filter that cuts light that has a wavelength
lower than or equal to 410 nm is provided at the leading
end of the CCD 117, most of the reflection light of the
excitation light L2 does not enter the CCD 117. The CCD
117 outputs imaging signals, and the imaging signals are
amplified in the CDS/AGC circuit 119 by correlated dou-
ble sampling and automatic gain control. Further, A/D
conversion is performed on the amplified imaging signal
in the A/D converter 120 and output as an RGB color
image to the estimated spectral data calculation unit 180
in the processing unit 172 of the processor unit 170.
[0102] The estimated spectral data calculation unit 180
performs matrix operation represented by the following
formula 1 for each pixel to generate estimated spectral
data (q1 through q59) with respect to the three-color im-
age signal of R, G and B, and outputs the generated
estimated spectral data to the image processing unit 182.
The estimated spectral data is generated by using a ma-
trix of 359 including all of parameters of estimated ma-
trix data stored in the memory 190.

[Formula 1}

Gl iR Ky Ky |
9y | Ka, Koe Ko e
e B
e | Msor Kooy Koup
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[0103] Figures 2A and 2B are diagrams illustrating ex-
amples of spectral distribution of the estimated spectral
data (q1 through q59) generated for each pixel. Figure
2Aillustrates a spectral distribution of pixels correspond-
ing to the region 10 to be observed that is outputting
fluorescence. Figure 2B illustrates a spectral distribution
of pixels corresponding to the region 10 to be observed
that is not outputting fluorescence. In each of Figures 2A
and 2B, the horizontal axis represents the wavelength
corresponding to each of data values q1 through 59 of
the estimated spectral data, and the vertical axis repre-
sents the intensity of each of the data values q1 through
q59.

[0104] Asillustrated in Figure 2B, the spectral distribu-
tion obtained from the region 10 to be observed that is
not outputting fluorescence reflects the spectral reflect-
ance in the region 10 to be observed. Specifically, the
intensity of each of the data values q1 through g59 re-
flects the product of the spectral reflectance of the region
10 to be observed and the intensity of light that enters
each pixel of the CCD 117.

[0105] Asillustrated in Figure 2A, the spectral distribu-
tion of the estimated spectral data (g1 through g59) ob-
tained from the region 10 to be observed thatis outputting
fluorescence reflects the spectral reflectance in the re-
gion 10 to be observed and the intensity of fluorescence
in the vicinity of the wavelength of 480 nm, which is the
center wavelength of fluorescence. Specifically, the in-
tensity of each of the data values g1 through q59 reflects
the spectral reflectance of the region 10 to be observed,
the spectral radiation rate of the output fluorescence, and
the intensity of light that enters each pixel of the CCD
117. The estimation matrix that is used to generate the
estimated spectral data (q1 through q59) is a matrix for
calculating the spectral reflectance of the region 10 to be
observed. Therefore, each of the data values q1 through
59 does not exactly reflect the spectral radiation rate of
fluorescence, but includes information about the value
of the spectral radiation rate of the fluorescence, i.e.,
whether the value of the spectral radiation rate is large
or small, or the like. Therefore, it is possible to calculate
the pseudo-fluorescence yield by using the estimated
spectral data (q1 through g59), as described below.
[0106] In the image processing unit 182, the following
signal processing is performed for each pixel. When the
excitation light L2 is output, the pseudo-fluorescence in-
tensity that is the intensity of light in a specific fluores-
cence wavelength band is calculated based on the esti-
mated spectral data (11 through q19) of the specific
fluorescence wavelength band. The specific fluores-
cence wavelength band is a wavelength band, such as
the wavelength band of 460 nm to 500 nm as illustrated
in Figure 3, which includes the wavelength of 480 nm.
The wavelength of 480 nm is the center wavelength of
fluorescence output from the region 10 to be observed
when the region 10 to be observed is illuminated with the
excitation light L2. The pseudo-fluorescence intensity
does not exactly represent the intensity of the fluores-
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cence. However, as described above, the pseudo-fluo-
rescence intensity includes information about the value
of the spectral radiation rate of the fluorescence, i.e.,
whether the value of the spectral radiation rate is large
or small.

[0107] As the specific fluorescence wavelength band,
a wavelength band that is set in the image processing
unit 183 in advance may be used. Alternatively, a wave-
length band thatis input by an input operation at the input
unit 192 may be used.

[0108] Further, pseudo-three-color image signals Rs,
Gs and Bs are obtained from estimated spectral data of
a semi-ordinary wavelength band that does not include
the specific fluorescent wavelength band. For example,
the semi-ordinary wavelength band is a wavelength band
of 410 nm to 460 nm and 500 nm to 700 nm, as illustrated
in Figure 4. In this case, for example, the intensity of light
is calculated from the estimated spectral data of the
wavelength band of 410 nm to 460 nm, and the calculated
value is determined as a Bs signal. Further, the intensity
of light is calculated from the estimated spectral data of
the wavelength band of 500 nm to 600 nm, and the cal-
culated value is determined as a Gs signal. Further, the
intensity of light is calculated from the estimated spectral
data of the wavelength band of 600 nm to 700 nm, and
the calculated value is determined as an Rs signal.
[0109] These pseudo-three colorimage signals Rs, Gs
and Bs are used to generate a Y/C signal (pseudo-color
ordinary image signal) composed of a luminance signal
Y and chrominance signals C. Further, the generated
Y/C signal is output as a pseudo-color ordinary image
signal to the display processing unit 184.

[0110] The intensity (radiation intensity) of the fluores-
cence output from a fluorescent substance is substan-
tially proportional to the illumination intensity of the exci-
tation light, and the illumination intensity of the excitation
light decreases in inverse proportion to the square of the
distance. Therefore, in some cases, the intensity of flu-
orescence received from a lesion tissue that is located
close the light source is higher than the intensity of fluo-
rescence received from a normal tissue located far from
the light source. Therefore, it is impossible to represent
the tissue characteristic of the region to be observed only
by the information about the intensity of the received flu-
orescence. Therefore, conventionally, light in a wave-
length band that is different from the wavelength band of
the excitation light is output to the region to be observed
as reference light, and the intensity of light reflected from
the region to be observed (hereinafter, referred to as ref-
erence light intensity) that has been illuminated with the
reference light is detected. Further, the intensity of fluo-
rescence is divided by the intensity of the reference light
to obtain a fluorescence yield. Further, the fluorescence
image is produced based on the fluorescence yield.
[0111] Inthe image processing unit 182, a pseudo-flu-
orescence yield is obtained by using the value of the lu-
minance signal Y of the pseudo-color ordinary image sig-
nal, as the aforementioned reference light intensity. Spe-
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cifically, the pseudo-fluorescence yield is obtained by di-
viding the pseudo-fluorescence intensity by the value of
the illumination signal Y of the pseudo-color ordinary im-
age signal. Further, a fluorescence image is produced
by assigning green, or red or the like to the pseudo-flu-
orescence yield. For example, as illustrated in Figure 5,
if the pseudo-fluorescence yield is greater than or equal
to a predetermined judgment value, green is assigned.
If the pseudo-fluorescence yield is lower than the prede-
termined judgment value, red is assigned to produce the
fluorescent image. Alternatively, red and green may be
mixed by using an additive color mixing method, and a
fluorescentimage, the display color of which sequentially
changes in the order of red, yellow and green based on
the value of the pseudo-fluorescence yield, may be pro-
duced. Further, when the value of the pseudo-fluores-
cenceyield is less than or equal to a predetermined lower
limit value, only red is assigned. When the value of the
pseudo-fluorescence yield is higher than or equal to a
predetermined upper limit value, green is assigned. Ac-
cordingly, the lesion tissue that has a smaller pseudo-
fluorescence yield is display in red, and a normal tissue
that has a larger pseudo-fluorescence yield is displayed
in green.

[0112] Alternatively, as illustrated in Figure 6, a fluo-
rescent image may be produced by assigning red, green
or blue to the pseudo-fluorescence yield by comparing
the pseudo-fluorescence yield with a judgment value or
values. Further, red, green and blue may be mixed by
using an additive color mixing method, and a fluorescent
image, the display color of which sequentially changes
in the order of red, yellow, green, cyan and blue based
on the value of the pseudo-fluorescence yield may be
produced. When the pseudo-fluorescence yield is less
than or equal to a predetermined lower limit value or high-
er than or equal to a predetermined upper limit value, an
achromatic color may be assigned.

[0113] Inthe present embodiment, the value of the lu-
minance signal Y of the pseudo-color ordinary image sig-
nal was used as the intensity of reference light. However,
instead of the value of the luminance signal Y of the pseu-
do-color ordinary image signal, the intensity of light of
the image signal Rs, the intensity of light obtained from
estimated spectral data in a long wavelength band (for
example at 620 nm or the like) may be used. In the long
wavelength band, a difference between the intensity of
fluorescence output from the normal tissue and the in-
tensity of fluorescence output from the lesion tissue is
small.

[0114] The image processing unit 182 generates fluo-
rescence superimposed image data in which the afore-
mentioned fluorescent image is superimposed on an im-
age that reflects only the luminance signal Y of the pseu-
do-color ordinary image signal, in other words, a pseudo-
black-and-white ordinary image so that the user who ob-
serves the image can easily identify or confirm the posi-
tion of the lesion tissue, which has a small pseudo-fluo-
rescence yield. The image processing unit 182 outputs
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the fluorescence superimposed image data to the display
processing unit 184. In the display processing unit 184,
a display image that displays the pseudo-color ordinary
image data and the fluorescence superimposed image
data output from the image processing unit 182 next to
each otheris produced, or a color image signal for display
in which the pseudo-color ordinary image data and the
fluorescence superimposed image data are combined
(synthesized) as a single image is produced, and output
to the monitor 11 to be displayed.

[0115] Further, the processor unit 172 may judge in
advance whether the pseudo-fluorescence yield at each
of all pixels is greater than or equal to a predetermined
judgment value. When the pseudo-fluorescence yield is
greater than or equal to the predetermined value, in other
words, when a portion corresponding to lesion tissue is
not present in the image, only the pseudo-color ordinary
image data may be displayed.

[0116] Further, the image processing unit 182 outputs
the luminance signal Y of the pseudo-color ordinary im-
age signal for each pixel or an average luminance signal
Y’ of a plurality of adjacent pixels to the light amount
control unit 186. The light amount control unit 186 calcu-
lates an average luminance value Ya of pixels in a spec-
ified area for each frame, and compares the average lu-
minance value Ya with a reference luminance value Yr
that has been stored in the memory 190 in advance. Fur-
ther, the light amount control unit 186 selects a dia-
phragm control signal based on the result of comparison,
and outputs the diaphragm control signal to the control
unit 167 of the illumination light unit 150. At the same
time, in the excitation light unit 130, a drive current control
signal for controlling the value of drive current supplied
from the drive circuit 132 to the semiconductor laser 131
is obtained, and the drive current control signal is output
to the control unit 140 of the excitation light unit 130.
[0117] As the diaphragm control signal, when the av-
erage luminance value Ya is greater than the reference
luminance value Yr, a signal that reduces the aperture
amount of the diaphragm 156 is selected, in other words,
a signal that reduces the light passing through the aper-
ture of the diaphragm 156 is selected. When the average
luminance value Ya is smaller than the reference lumi-
nance value Yr, a signal that increases the aperture
amount of the diaphragm 156 is selected, in other words,
a signal that increases the light passing through the ap-
erture of the diaphragm 156 is selected. When the aver-
age luminance value Ya and the reference luminance
value Yr are substantially the same, a signal that main-
tains the same aperture amount is selected. Further, a
drive current control signal corresponding to the dia-
phragm control signal is output so that the ratio of the
light amount of the illumination light L1 to the light amount
of the excitation light L2 becomes a predetermined ratio.
The ratio of the light amount of the illumination light L1
to the light amount of the excitation light L2 may be set
in advance by an input operation at the input unit 192.
The light amount control unit 186 determines the drive
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current amount of the excitation light L2 based on the set
ratio and the aperture amount of the illumination light L1,
and outputs the drive current control signal.

[0118] Further, the control unit 167 of the illumination
light unit 150 controls the aperture amount of the dia-
phragm 156 based on the diaphragm control signal. Fur-
ther, the control unit 140 of the excitation light unit 130
controls, based on the drive current control signal, the
current value supplied from the drive circuit 132 to the
semiconductor laser 131.

[0119] As described above, in the fluorescence endo-
scope apparatus 100 of the present embodiment, the
light amount control unit 186 controls the light amount of
the illumination light L1 so that the representative lumi-
nance value of the ordinary image becomes a predeter-
mined luminance value. Further, the light amount control
unit 186 controls the light amount of the excitation light
L2 so that the ratio of the light amount of the excitation
light L2 to the light amount of the illumination light L1
becomes a predetermined ratio. Therefore, it is possible
to prevent the risk of increasing the light amount of the
excitation light L2 when the distance between the output
end of the excitation light L2 and the region 10 to be
observed is short, in other words, when the light amount
of the excitation light should not be increased. Therefore,
it is possible to obtain a fluorescent image that reflects
the tissue characteristic of the region 10 to be observed.
Hence, itis possible to improve the reliability of the fluo-
rescent image.

[0120] Further, in the fluorescence endoscope appa-
ratus 100 of the present invention, it is possible to make
the number of frames of the pseudo-ordinary colorimage
and the fluorescence superimposed image per unit time
the same as the number of frames of the ordinary color
image. Therefore, it is possible to produce an efficient
display image even when the image is displayed as a
motion image.

[0121] Further, in the fluorescence endoscope appa-
ratus 100 of the present invention, when the connection
of the excitation light unit 130 to the illumination light unit
150 is not detected, in other words, when connection
signals are not output from both of the connection detec-
tion unit 162 and the connection detection unit 166, the
switch 134 provided between the drive circuit 132 and
the semiconductor laser 131 in the excitation light unit
130 is kept open. Therefore, electric current is not sup-
plied to the semiconductor laser 131. Hence, even if the
user of the fluorescence endoscope apparatus is not
used to handling of the light source for excitation light,
such aslaser, itis possible to safely obtain the fluorescent
image.

[0122] Further, when the connection of the excitation
light unit 130 to the illumination light unit 150 is not de-
tected, even if a predetermined key of the input unit 192
or the switch of the scope unit 110 is pressed, the oper-
ation state is switched only between the operation stop
state and the ordinary image mode, in other words, the
operation state is not switched to the fluorescent image
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mode. Therefore, the risk of error operations can be pre-
vented, and the convenience of the apparatus is further
improved.

[0123] Further, in the present embodiment, the dia-
phragm 156 is arranged between the xenon lamp 151
and the dichroic mirror 157. However, it is not necessary
that the diaphragm 156 is arranged in such a manner. In
a modification example, a diaphragm 156a may be ar-
ranged between the dichroic mirror 157 and the condens-
ing lens 158, as illustrated in Figure 7. In this case, the
light amount of the excitation light L2 is determined by
the diaphragm 156a and the value of the drive current
supplied from the drive circuit 132 to the semiconductor
laser 131. Therefore, the light amount is controlled by
taking these factors into consideration in advance.
[0124] Inthe present embodiment, the ordinary image
processing unit 174 and the display processing unit 176
that perform signal processing when the ordinary image
mode is selected, and the estimated spectral data calcu-
lation unit 180, the image processing unit 182 and the
display processing unit 184 that perform signal process-
ing when the fluorescent image mode is selected are
provided in the processing unit 172. However, the con-
figuration of the processing unit 172 is not limited to the
configuration of the present embodiment. For example,
an image processing unit that functions as the estimated
spectral data calculation unit 180, the ordinary image
processing unit 174 and the image processing unit 182
and a display processing unit that functions as the display
processing unit 176 and the display processing unit 184
maybe provided. Further, when the ordinary image mode
is selected, the signal output from the scope 110 unit may
be directly input to the image processing unit, and when
the fluorescentimage mode is selected, the signal output
from the scope unit 110 may be input to the estimated
spectral data calculation unit 180.

[0125] Further, in the present embodiment, a wave-
length band that has a predetermined width and that in-
cludes the wavelength of 480 nm, which is the center
wavelength band of fluorescence, is used as the specific
fluorescence wavelength band. However, the specificflu-
orescence wavelength band is not limited to this wave-
length band. The specific fluorescence wavelength band
should substantially reflect the intensity of the fluores-
cence, and the specific fluorescence wavelength band
may be, for example, only the wavelength of 480 nm,
only the wavelength of 470 nm, or only the wavelength
of 490 nm or the like. Alternatively, the specific fluores-
cence wavelength band may be the wavelength band of
475 nm to 485 nm or the like. For example, when the
specific fluorescence wavelength band is only the wave-
length of 480 nm, it is possible to obtain the pseudo-
fluorescence intensity by calculating only the estimated
spectral data (q15). When the specific fluorescence
wavelength band is the wavelength band of 475 nm to
485 nm, it is possible to obtain the pseudo-fluorescence
intensity by calculating the estimated spectral data (q14,
g15 and q16).
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[0126] Further, it is desirable that the whole wave-
length band of the specific fluorescence wavelength band
is within the substantial wavelength band of fluores-
cence, and it is not desirable that the specific fluores-
cence wavelength band is unnecessarily wide. Specifi-
cally, it is desirable that the width of the specific fluores-
cence wavelength band is less than or equal to 100 nm,
and optionally less than or equal to 50 nm. Further, the
width may be less than or equal to 10 nm or a single
wavelength as described above.

[0127] Next, a fluorescence endoscope using a sec-
ond embodiment of the fluorescent image obtainment
apparatus of the present invention will be described in
detail. Figure 8 is a schematic diagram illustrating the
configuration of the fluorescence endoscope apparatus
to which the second embodiment of the presentinvention
has been applied. A fluorescence endoscope apparatus
200 in the present embodiment is configured in such a
manner that the operation mode can be switched be-
tween an ordinary image mode and a fluorescent image
mode. In the ordinary image mode, the region 10 to be
observed is illuminated with illumination light L1 to obtain
color ordinary images, and the obtained images are dis-
played as a motionimage. Inthe fluorescentimage mode,
the region 10 to be observed is illuminated with the illu-
mination light L1 and excitation light L2 to obtain com-
bined images, and fluorescent images are obtained from
the combined images by performing operation process-
ing, which will be described later. Further, the obtained
fluorescent images and the color ordinary images are
superimposed one on the other to obtain fluorescence
superimposed images, and the obtained fluorescence
superimposed images are displayed as a motion image.
In the following description, elements of the fluorescence
endoscope apparatus 200 of the second embodiment
that are different from the elements of the fluorescence
endoscope apparatus 100 of the first embodiment will be
mainly described. Further, the same reference numerals
are assigned to elements similar to the elements of the
fluorescence endoscope apparatus 100 of the first em-
bodiment.

[0128] As illustrated in Figure 8, the fluorescence en-
doscope apparatus 200 includes the scope unit 110, a
processor unit 270, the illumination light unit 150, and an
excitation light unit 230. The scope unit 110 is inserted
into the body cavity of a person to be examined (a patient)
to observe the region 10 to be observed. The processor
unit 270 is electrically connected to the scope unit 110
in a detachable manner. The illumination light unit 150
is optically connected to the scope unit 110 in a detach-
able manner, and stores the xenon lamp 151 that outputs
the illumination light L1. The excitation light unit 230 is
both electrically and optically connected to the illumina-
tion light unit 150 in a detachable manner, and stores a
GaN-based semiconductor laser 231 that outputs the ex-
citation light L2. The processor unit 170 and the illumi-
nation light unit 150 may be structured as a single body
or as separate bodies.
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[0129] The scope unit 110 and the illumination light
unit 150 are structured in a manner similar to those of
the fluorescence endoscope apparatus of the first em-
bodiment.

[0130] The excitation light unit 230 includes a
GaN-based semiconductor laser 231 that outputs the ex-
citation light L2, a drive circuit 232 that drives the semi-
conductor laser 231, and a light guide 233 that guides
the excitation light L2 output from the semiconductor la-
ser 231. The light guide 233 extends from the case of
the excitation light unit 230, and the other end of the light
guide 233 is connected to the optical connector 236. The
optical connector 236 is detachably connected to the op-
tical connector 161 of the illumination light unit 150. A
switch 234 is provided between the semiconductor laser
231 and the drive circuit 232, and a light-condensing op-
tical system 235 is provided between the semiconductor
laser 231 and an end (light incident end) of the light guide
233.

[0131] In the fluorescence endoscope apparatus 200
of the present embodiment, the drive circuit 232 that
drives the semiconductor laser 231 generates a drive
pulse signal, and the semiconductor laser 231 is driven
based on the drive pulse signal. The semiconductor laser
231 isdriven based on the drive pulse signal, and outputs
pulsed excitation light L2. Further, the drive circuit 232
generates a drive pulse signal or a plurality of drive pulse
signals in a predetermined time period in which light can
be output. The drive circuit 232 generates the drive pulse
signal or signals at a predetermined cycle. The semicon-
ductor laser 231 outputs pulsed excitation light based on
the drive pulse signal. The drive circuit 232 changes the
number of the drive pulse signal or signals in the prede-
termined time period in which light can be output, or the
width (light output time) of the drive pulse signal based
on the drive pulse control signal output from the light
amount control unit 286, which will be described later.
The drive control of the semiconductor laser 231 by the
drive circuit 232 will be described later in detail.

[0132] Further, the excitation light unit 230 includes a
control unit 240 that is connected to each element, such
as the drive circuit 232 and the switch 234, provided in
the excitation light unit 230, to control each of the ele-
ments. Further, the control unit 240 controls communi-
cation between the illumination light unit 150 and the ex-
citation light unit 230. The control unit 240 is connected
to an end of a signal line 241. The signal line 241 extends
to the outside of the case of the excitation light unit 230,
and a connector 242 is provided at the other end of the
signal line 241. The connector 242 is detachably con-
nected to the connector 165 of the illumination light unit
150.

[0133] Meanwhile, a processing unit 272 is provided
in the processor unit 270. The processing unit 272 in-
cludes an ordinary image processing unit 274 and a dis-
play processing unit 276 that perform signal processing
when an ordinary image mode is selected. Further, the
processing unit 272 includes a fluorescent image
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processing unit 282 and a display processing unit 284
that perform image processing when a fluorescentimage
mode is selected. Further, the processing unit 272 in-
cludes a light amount control unit 286 that controls the
intensity of the illumination light and the excitation light.
[0134] The ordinary image processing unit 274 gener-
ates an ordinary image signal composed of three-color
image signals of R, G and B based on the ordinary image
obtained by the scope unit 110 by illumination of the re-
gion 10 to be observed with the illumination light L1. Fur-
ther, the ordinary image processing unit 274 performs
various kinds of image processing on the ordinary image
signal, and generates a Y/C signal composed of a lumi-
nance (Y) signal and chrominance [C (R-Y and B - Y)]
signals. Further, the ordinary image processing unit 274
outputs the Y/C signal to the display processing unit 276.
The display processing unit 276 performs various kinds
of signal processing on the Y/C signal to generate color
ordinary image signal for display. The color ordinary im-
age signal is output to a monitor 11, such as a liquid
crystal display and a CRT, for example.

[0135] When the fluorescent image mode is selected,
the fluorescent image processing unit 282 generates a
combined image signal composed of three-color image
signals of R, G and B based on a combined image ob-
tained by the scope unit 110 in the time period in which
the region 10 to be observed is illuminated with both of
the illumination light L1 and the excitation light L2. Fur-
ther, the fluorescent image processing unit 282 subtracts
the ordinary image signal obtained by the ordinary image
processing unit 274 from the combined image signal to
obtain the fluorescent image signal. Further, various
kinds of signal processing are performed on the fluores-
cent image signal, and the ordinary image signal ob-
tained by the ordinary image processing unit 274 and the
fluorescent image signal are superimposed one on the
other to generate a fluorescence superimposed image
signal. Further, after various kinds of signal processing
are performed on the fluorescence superimposed image
signal, a Y/C signal composed of a luminance (Y) signal
and chrominance [C (R - Y, B - Y)] signals is generated
and output to the display processing unit 284. The display
processing unit 284 performs various kinds of signal
processing on the Y/C signal to generate a fluorescence
superimposed image signal for display, and outputs the
generated fluorescence superimposed image signal for
display to the monitor 11.

[0136] The light amount control unit 286 is connected
to the ordinary image processing unit 274, and controls
the light amount of the illumination light L1 and the exci-
tation light L2 based on the luminance signal thatis based
on the ordinary image signal. The method for controlling
the light amount of the illumination light L1 and the exci-
tation light L2 will be described later in detail.

[0137] Further, the processing unit 272 is connected
to a keyboard-type input unit 292 and a connector 294.
The connector 294 is detachably connected to the con-
nector 127 of the scope unit 110. The connector 294 has
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a connection detection unit 295 that detects whether the
connector 127 is connected to the connector 294. Fur-
ther, the processing unit 272 is connected to the control
unit 121 of the scope unit 110, the control unit 167 of the
illumination light unit 150, and the control unit 240 of the
excitation light unit 230.

[0138] Next, the operation of the fluorescence endo-
scope apparatus according to the present invention will
be described. First, an operation in the ordinary image
mode will be described. In the ordinary image mode, the
region 10 to be observed is illuminated with illumination
light L1 to obtain color ordinary images, and the color
ordinary images are displayed as a motion image.
[0139] Before the fluorescence endoscope apparatus
of the present embodiment is used, a washed and ster-
ilized scope unit 110 is attached to the processor unit
270 and the illumination light unit 150. Further, the con-
nector 127 connected to an end of the signal line 125 of
the scope unit 110 and an end of the signal line 126 of
the scope unit 110 is connected to the connector 294 of
the processor unit270. Further, the optical connector 113
provided at the leading end of the light guide 112 is con-
nected to the optical connector 153 of the illumination
light unit 150. When the connector 127 is connected to
the connector 294, the connection detection unit 295 pro-
vided for the connector 294 sends a connection signal
to the processing unit 272. Further, when the optical con-
nector 113 is connected to the optical connector 153, the
connection detection unit 154 provided for the optical
connector 153 outputs a connection signal to the control
unit 167.

[0140] When the processing unit 272 receives connec-
tion signals from the connection detection unit 295 and
the connection detection unit 154, a rotary shutter 159
of the illumination light unit 150 is rotated so that an op-
eration in the ordinary image mode can be performed.
Further, the function mode of a predetermined key of the
input unit 292 is set through the processing unit 272 of
the processor unit 270. Further, the function mode of the
switch 122 is set through the processing unit 272 and the
control unit 121 of the scope unit 110. Since the process-
ing unit 272 controls processing, the operation mode
switches between a stop state and an ordinary image
mode when the user presses a predetermined key of the
input unit 292 or the switch 122.

[0141] When the user presses the predetermined key
of the input unit 292 or the switch 122 once, an operation
in the ordinary image mode starts. In the illumination light
unit 150, the xenon lamp 151 is turned on by the drive
circuit 152, and the illumination light L1 is continuously
output. The illumination light L1 passes through the
wavelength filter 155, the diaphragm 156 and the dichroic
mirror 157 and condensed onto the end surface of the
optical connector 113 by the condensing lens 158. The
condensed light enters the light guide 112. The illumina-
tion light L1 propagates through the light guide 112, and
is output from the leading end of the light guide 112. The
output light continuously illuminates the region 10 to be
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observed through the optical system 111 for illumination.
[0142] The wavelengthband of theillumination light L1
is limited to greater than or equal to 410 nm and less than
or equal to 700 nm by the wavelength filter 155. The light
amount of the illumination light L1 is controlled by the
diaphragm 156. The light amount control operation of the
illumination light L1 by the diaphragm 156 will be de-
scribed later.

[0143] The CCD 117 that is driven by the CCD drive
circuit 118 captures an ordinary image of the region 10
to be observed, and outputs an imaging signal. The im-
aging signal is amplified in the CDS/AGC circuit 119 by
correlated double sampling and automatic gain control
Further, A/D conversion is performed on the amplified
imaging signal in the A/D converter 120, and output to
the ordinary image processing unit 274 in the processing
unit 272 of the processor unit 270. In the ordinary image
processing unit 274, when the ordinary image mode is
selected, an ordinary image signal composed of
three-color image signals of R, G and B is generated
based on the signal output from the scope unit 110. Fur-
ther, the ordinary image processing unit 274 performs
various kinds of processing to generate a Y/C signal
(color ordinary image signal) that is composed of a lumi-
nance signal Y and chrominance signals C. The gener-
ated Y/C signal is output to the display processing unit
276. In the display processing unit 276, various kinds of
signal processing, such as I/P conversion and noise re-
moval processing, is performed on the Y/C signal, and
the processed signal is output to the monitor 11.

[0144] The monitor 11 displays the color ordinary im-
ages based on the input color ordinary image signal as
a motion image.

[0145] Further, the ordinary image processing unit 174
outputs the luminance signal Y for each pixel or an av-
erage luminance signal Y’ of a plurality of adjacent pixels
to the light amount control unit 286. The light amount
control unit 286 calculates an average luminance value
Ya of pixels in a specified area for each frame based on
the inputluminance signal Y or average luminance signal
Y’, and compares the average luminance value Ya with
a reference luminance value Yr that has been stored in
the memory (not illustrated) in advance. Further, the light
amount control unit 286 selects a diaphragm control sig-
nal based on the result of comparison, and outputs the
diaphragm control signal to the control unit 167 of the
illumination light unit 150. As the diaphragm control sig-
nal, when the average luminance value Yais greater than
the reference luminance value Yr, a signal that reduces
the aperture amount of the diaphragm 156 is selected,
in other words, a signal that reduces the light passing
through the aperture of the diaphragm 156 is selected.
When the average luminance value Ya is smaller than
the reference luminance value Yr, a signal that increase
the aperture amount of the diaphragm 156 is selected,
in other words, a signal that increases the light passing
through the aperture of the diaphragm 156 is selected.
When the average luminance value Ya and the reference
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luminance value Yr are substantially the same, a signal
that maintains the same aperture amount is selected.
[0146] The control unit 167 of the illumination light unit
150 controls the aperture amount of the diaphragm 156
based on the diaphragm control signal.

[0147] Next, an operation in the fluorescent image
mode will be described. Before the fluorescence endo-
scope apparatus is used in the fluorescent image mode,
awashed and sterilized scope unit 110 is attached to the
processor unit 270 and the illumination light unit 150.
Further, the connector 127 connected to an end of the
signal line 125 of the scope unit 110 and an end of the
signal line 126 of the scope unit 110 is connected to the
connector 294 of the processor unit 270. When the con-
nector 294 is connected to the connector 127, the con-
nection detection unit 295 provided for the connector 294
outputs a connection signal to the processing unit 272.
Further, the optical connector 113 provided at the leading
end of the light guide 112 is connected to the optical
connector 153 of the illumination light unit 150. When the
optical connector 153 is connected to the connector 113,
the connection detection unit 154 provided for the optical
connector 153 sends a connection signal to the control
unit 167.

[0148] Further, the excitation light unit 230 is connect-
ed to the illumination light unit 150. The connector 242
provided at the leading end of the signal line 241 of the
excitation light unit 230 is connected to the connector
165 of the illumination light unit 150. When the connector
142 is connected to the connector 165, the connection
detection unit 166 provided for the connector 165 outputs
a connection signal to the control unit 167. Further, the
optical connector 236 provided at the leading end of the
light guide 233 is connected to the optical connector 161
of the illumination light unit 150. When the optical con-
nector 236 is connected to the optical connector 161, the
connection detection unit 162 provided for the optical
connector 161 outputs a connection signal to the control
unit 167.

[0149] The control unit 240 of the excitation light unit
230 communicates with the control unit 167 of the illumi-
nation light unit 150. When the control unit 240 receives
connection signals from the connection detection unit
166 and the connection detection unit 162, the control
unit 240 closes the switch 234 of the excitation light unit
230 to electrically connect the semiconductor laser 231
and the drive circuit 232. Consequently, the semiconduc-
tor laser 231 becomes drivable by the drive circuit 232.
Further, the function mode of a predetermined key of the
input unit 292 is set through the processing unit 272 of
the processor unit 270. Further, the function mode of the
switch 122 is set through the processing unit 272 and the
control unit 121 of the scope unit 110. Since the process-
ing unit 272 controls processing, the operation mode
switches between a stop state, an ordinary image mode
and a fluorescent image mode when the user presses a
predetermined key of the input unit 292 or the switch 122.
When the connection signals are not received from both
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of the connection detection unit 166 and the connection
detection unit 162, in other words, when no connection
signals are received from the two connection detection
units, or no connection signal is received from one of the
connection detection units, the switch 234 in the excita-
tion light unit 230 is constantly open. Hence, when the
excitation light unit 230 is not connected to the illumina-
tion light unit 150, the semiconductor laser 231 is not
driven.

[0150] Further, when the fluorescence endoscope ap-
paratus is operating in the ordinary image mode, if the
user presses the predetermined key of the input unit 292
or the switch 122 once, the operation in the fluorescent
image mode starts. In addition to the operation of the
illumination light unit 150, the operation of the excitation
light unit 230 starts. The semiconductor laser 231 is
pulse-driven based on the drive pulse signal output from
the drive circuit 232, and excitation light L2 that has a
wavelength of 405 nm is output. Specifically, as illustrat-
ed in Figure 9, pulsed excitation light that has pulse width
T3 is output, at cycle T, in time period T2 in which light
can be output.

[0151] The excitation light L2 is condensed by the con-
densing lens 235, and enters the end surface of the light
guide 233. The excitation light L2 propagates through
the lightguide 233, and enters the light guide 163 through
the optical connector 236 and the optical connector 161.
The excitation light L2 propagates through the light guide
163, and is output from an end of the light guide 163. The
output excitation light L2 is collimated by the collimator
lens 164, and enters the dichroic mirror 157. Since the
wavelength of the excitation light L2 is 405 nm, the exci-
tation light L2 is reflected at a right angle from the dichroic
mirror 157, and condensed onto the end surface of the
optical connector 113 by the condensing lens 158. The
condensed light enters the light guide 112.

[0152] The excitation light L2 propagates through the
light guide 112, and is output from the leading end of the
light guide 112. Further, the excitation light L2 is output
totheregion 10to be observed through the optical system
111 for illumination to illuminate the region 10 to be ob-
served. In this case, the region 10 to be observed is illu-
minated with both of the illumination light L1 and the ex-
citation light L2 at the same time.

[0153] The CCD 117 that is driven by the CCD drive
circuit 118 captures an ordinary image composed of the
reflection light of the illumination light L1, reflected from
the region 10 to be observed, in time period T1 illustrated
in Figure 9. In the time period T1, only the illumination
light L1 is output. Further, in time period T2 illustrated in
Figure 9, in which light can be output, the CCD 117 cap-
tures a combined image composed of the reflection light
of the illumination light L1, reflected from the region 10
to be observed, and fluorescence output from the region
10 to be observed by illumination with the excitation light
L2. Further, since an excitation light cut filter that cuts
light that has a wavelength lower than or equal to 410
nm is provided at the leading end of the CCD 117, most
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of the reflection light of the excitation light L2 does not
enter the CCD 117.

[0154] The CCD 117 alternately outputs the imaging
signal obtained in the time period T1 and the imaging
signal obtained in the time period T2, in which light can
be output. Further, these imaging signals are amplified
in the CDS/AGC circuit 119 by correlated double sam-
pling and automatic gain control. Further, A/D conversion
is performed on the amplified imaging signals in the A/D
converter 120, and output as an RGB image signal to the
processing unit 272 of the processor unit 270. At this
time, the RGB image signal based on the ordinary image
obtained in the time period T1 is input to the ordinary
image processing unit 274, and the RGB image signal
based on the combined image obtained in the time period
T2, in which light can be output, is input to the fluorescent
image processing unit 282.

[0155] Further, the ordinary image processing unit 274
generates an ordinary image signal from the input RGB
image signal, and outputs the ordinary image signal to
the fluorescent image processing unit 282.

[0156] Meanwhile, the fluorescent image processing
unit 282 generates a combined image signal from the
input RGB image signal. Further, the fluorescent image
processing unit 282 subtracts the ordinary image signal
from the combined image signal to generate afluorescent
image signal. Further, the fluorescent image processing
unit 282 performs various kinds of signal processing on
the fluorescent image signal, and superimposes the or-
dinary image signal on the fluorescent image signal to
generate a fluorescence superimposed image signal.
Further, the fluorescent image processing unit 282 per-
forms various kinds of signal processing on the fluores-
cence superimposed image signal, and generates a Y/C
signal composed of a luminance (Y) signal and chromi-
nance[C (R-Y, B-Y)]signals. The generated Y/C signal
is output to the display processing unit 284. The display
processing unit 284 performs various kinds of signal
processing on the Y/C signal to generate a fluorescence
superimposed image signal for display, and outputs the
generated fluorescence superimposed image signal for
display to the monitor 11.

[0157] Further, the monitor 11 displays, as a motion
image, the fluorescence superimposed image in which
the fluorescentimage and the ordinary image are super-
imposed one on the other. The motionimage is displayed
based on the fluorescence superimposed image signal
for display that has been input.

[0158] Further, the ordinary image processing unit274
outputs the luminance signal Y for each pixel or an av-
erage luminance signal Y’ of a plurality of adjacent pixels
to the light amount control unit 286. The light amount
control unit 286 calculates an average luminance value
Ya of pixels in a specified area for each frame, and com-
pares the average luminance value Ya with a reference
luminance value Yr that has been stored in the memory
(notillustrated) in advance. Further, the lightamount con-
trol unit 286 selects a diaphragm control signal based on
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the result of comparison, and outputs the diaphragm con-
trol signal to the control unit 167 of the illumination light
unit 150. As the diaphragm control signal, when the av-
erage luminance value Ya is greater than the reference
luminance value Yr, a signal that reduces the aperture
amount of the diaphragm 156 is selected, in other words,
a signal that reduces the light passing through the aper-
ture of the diaphragm 156 is selected. When the average
luminance value Ya is smaller than the reference lumi-
nance value Yr, a signal that increase the aperture
amount of the diaphragm 156 is selected, in other words,
a signal that increases the light passing through the ap-
erture of the diaphragm 156 is selected. When the aver-
age luminance value Ya and the reference luminance
value Yr are substantially the same, a signal that main-
tains the same aperture amount is selected.

[0159] Further, the light amount control unit 286 out-
puts a drive pulse control signal that corresponds to the
diaphragm control signal to the drive circuit 232 so that
the ratio between the light amount of the illumination light
L1 to the excitation light L2 becomes a predetermined
ratio. Further, the drive circuit 232 changes the pulse
width (the length of light output time) of the drive pulse
signal based on the input drive pulse control signal. Al-
ternatively, the drive circuit 232 changes the number of
drive pulse signal or signals generated in the predeter-
mined time period T2 in which light can be output. Further,
the semiconductor laser 231 outputs pulsed excitation
light based on the drive pulse signal. Specifically, the
light amount of the excitation light L2 in the time period
T2 in which light can be output is changed by changing
the number of beams (or the number of times of output)
of the pulsed excitation lightin the time period T2 in which
light can be output as in the light output pattern 1 of the
excitation light L2, illustrated in Figure 10. Alternatively,
the light amount of the excitation lightL2 in the time period
T2 in which light can be output is changed by changing
the pulse width (pulsed excitation light output time period)
of the pulsed excitation light as in the light output pattern
2 of the excitation light L2, illustrated in Figure 10. At this
time, when the control signal with respect to the illumi-
nation light L1 sent to the diaphragm 156 is a signal to
reduce the light amount, the pulse width of the pulsed
excitation light is reduced (narrowed) or the number of
beams (the number of times of output) of the pulsed ex-
citation light in the time period T2 in which light can be
output is reduced. Accordingly, it is possible to reduce
the lightamount of the excitation light L2 in the time period
T2 in which light can be output. Further, when the control
signal with respect to the illumination light L1 sent to the
diaphragm 156 is a signal to increase the light amount,
the pulse width of the pulsed excitation light is increased
(widened) or the number of beams of the pulsed excita-
tion light in the time period T2 in which light can be output
is increased. Accordingly, it is possible to increase the
light amount of the excitation light L2 in the time period
T2 in which light can be output. The above description
started with the light output pattern illustrated in Figure
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9. However, the initial setting of the light output pattern
of the pulsed excitation light may be the light output pat-
tern 1 or the light output pattern 2 illustrated in Figure 10
or the like. Further, the light amount may be controlled
by increasing or reducing the number of beams of the
pulsed excitation light or the width of the pulsed excitation
light.

[0160] Further the ratio of the light amount of the illu-
mination light L1 to the light amount of the excitation light
L2 may be set by an input operation at the input unit 292
in advance. The light amount control unit 286 determines
the pulse width and the number of beams of the pulsed
excitation light in the time period T2 in which light can be
output based on the set ratio and the aperture amount
of the illumination light L1. Further, a drive pulse control
signal is output based on the pulse width or the number
of beams of the pulsed excitation light.

[0161] The control unit 167 of the illumination light unit
150 controls the aperture amount of the diaphragm 156
based on the diaphragm control signal. Further, the con-
trol unit 240 of the excitation light unit 230 controls, based
on the drive pulse control signal, the drive pulse signal
supplied from the drive circuit 232 to the semiconductor
laser 231.

[0162] In the above embodiments, the light amount of
the excitation light L2 in the time period T2 in which light
can be output is controlled by controlling the pulse width
of the pulsed excitation light or the number of beams of
the pulsed excitation light in the time period T2. Alterna-
tively, the light amount of the excitation light L2 may be
controlled by controlling both of the pulse width of the
pulsed excitation light and the number of beams of the
pulsed excitation light in the time period T2 at the same
time.

[0163] Further, in the above description, the fluores-
cent image signal and the ordinary image signal were
superimposed one on the other to generate a fluores-
cence superimposed image signal. Further, the fluores-
cence superimposed image for display was displayed
based on the fluorescence superimposed image signal.
However, it is not necessary that the processing is per-
formed in such a manner. For example, a fluorescence
yield may be obtained by dividing the fluorescent image
signal by the value of the luminance signal Y of the ordi-
nary image signal. Further, the colors of red, yellow and
green may be sequentially assigned to the fluorescence
yield based on the size (value) to produce a fluorescent
image for display. Further, the produced fluorescent im-
age for display may be displayed on the monitor 11.
[0164] Further, the characteristic that the intensity of
fluorescence output from normal tissue and the intensity
of fluorescence output from lesion tissue differ from each
may be utilized, and a judgment unit that judges whether
the region 10 to be observed is a lesion tissue based on
the fluorescence yield that is obtained as described
above may be provided. When the judgment unit judges
that the region 10 to be observed is a normal tissue, an
ordinary image may be displayed. When the judgment
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unit judges that the region 10 to be observed is a lesion
tissue, a new fluorescent image may be produced by
changing the ordinary image color of the pixel based on
the fluorescence yield, and displayed.

[0165] Further, with respect to the ordinary image, a
new ordinary image may be produced by applying a pre-
determined gain and/or offset to the ordinary image, and
the produced image may be displayed. In this case, it is
desirable that the gain and/or offset for the ordinary image
differs from the gain and/or offset for the fluorescent im-
age. For example, the gains and the offsets may satisfy
the following relations: gain GAINf for the fluorescent im-
age > gain GAINn for the ordinary image; and offset OFF-
SETf for the fluorescent image > offset OFFSETn for the
ordinary image.

[0166] Further, when the fluorescentimage for display
is produced, the fluorescent image signal maybe added
to the combined image signal to emphasize the fluores-
cence.

[0167] Further, in the fluorescence endoscope appa-
ratus of the above embodiments, the ordinary image sig-
nal is generated based on the ordinary image obtained
in the time period when only the illumination light L1 is
output, and the fluorescent image signal is generated
based on the combined image obtained in the period
when both of the illumination light L1 and the excitation
light L2 are output. Since the time period in which the
ordinary image is obtained and the time period in which
the combined image is obtained differ from each other,
the imaging position of the region 10 to be observed cor-
responding to the ordinary image and the imaging posi-
tion of the region 10 to be observed corresponding to the
combined image may differ from each other in some cas-
es. In such cases, the shift (difference) in the imaging
positions may be detected based on the ordinary image
signal that is based on the ordinary image and the com-
bined image signal thatis based on the combined image.
Further, positioning may be performed based on the shift
amount in position. For example, the positions may be
adjusted by performing shift correction processingonone
of the image signals.

[0168] Further, as illustrated in Figure 11, a spectral
image processing unit 288 may be provided in the fluo-
rescence endoscope apparatus of the above embodi-
ments. The spectral image processing unit 288 may per-
form spectral image processing on at least one of the
ordinary image signal composed of RGB image signals,
obtained by the ordinary image processing unit 274, the
combined image signal and the fluorescent image signal
that are composed of RGB image signals, and which are
obtained by the fluorescent image processing unit 282.
Further, whether the spectral image processing is per-
formed may be selected by an input operation at the input
unit 292.

[0169] Next, the action in the case of performing spec-
tral image processing on the ordinary image signal, the
fluorescent image signal or the combined image signal
will be described.
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[0170] The spectral image processing unit 288 per-
forms matrix operation represented by the aforemen-
tioned formula 1 for each pixel to generate estimated
spectral data (g1 through g59) with respect to the
three-color image signal of R, G and B of the ordinary
image signal, the fluorescent image signal or the com-
bined image signal. The estimated spectral data is gen-
erated by using a matrix of 359 including all of param-
eters of estimated matrix data stored in the memory (not
illustrated).

[0171] Here, the estimated matrix data is stored as a
table in the memory (not illustrated) in advance, as de-
scribed above. The example of the estimated matrix data
storedinthe memory in the presentembodimentis shown
in the aforementioned Table 1.

[0172] Forexample, three wavelength bands of 11,22,
A3 are selected by an operation at the input unit 292, and
parameters corresponding to the selected three wave-
length bands are read out from the estimation matrix data
stored in the memory.

[0173] For example, when the wavelengths of 500 nm,
620 nm and 650 nm are selected as the three wavelength
bands A1, A2, and A3, the coefficients of the parameters
p21, p45 and p51in Table 1 that correspond to the wave-
lengths are used, and matrix operation of the above for-
mula 1 is performed on the RGB signals of the ordinary
image signal, the fluorescent image signal or the com-
bined image signal. Accordingly, spectral estimated data
A1s, A2s, A3s is calculated.

[0174] Further, an appropriate gain and/or offset is ap-
plied to each of the calculated spectral estimated data
As, A2s, A3s, and pseudo-color spectral estimated data
A1t, A2t, A3tis calculated. Each of the pseudo-color spec-
tral estimated data A 1t, A2t, A3t is used as image signals
R’, G’ and B’, respectively.

[0175] Further, the pseudo-three-color image signals
R’, G’ and B’ are used, and a Y/C signal composed of a
luminance signal Y and chrominance signals C is gen-
erated, and output to the display processing unit 284.
The display processing unit 284 performs various kinds
of signal processing on the Y/C signal to generate pseu-
do-color image signal. The pseudo-color image signal is
output to the monitor 11.

[0176] Further, the spectralimage processing unit 288
may obtain a fluorescence yield, and produce a fluores-
cent image based on the fluorescence yield.

[0177] Specifically, the spectral image processing unit
288 uses, as reference light intensity, the value of the
luminance signal Y obtained by the spectral image
processing with respect to the ordinary image signal. Fur-
ther, the spectral image processing unit 288 divides the
luminance signal Y’ obtained by spectral image process-
ing on the fluorescent image by the value of the lumi-
nance signal to obtain an estimated fluorescence yield.
Further, a fluorescent image for display is produced by
sequentially assigning red, yellow or green to the esti-
mated fluorescence yield, for example, as illustrated in
Figure 5. In this case, the lesion tissue that has a smaller
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estimated fluorescence yield is display in red, and a nor-
mal tissue that has a larger estimated fluorescence yield
is displayed in green. When the estimated fluorescence
yield is lower than or equal to a predetermined lower limit
value, only red is assigned. When the estimated fluores-
cence yield is greater than or equal to a predetermined
upper limit value, green is assigned. Alternatively, as il-
lustrated in Figure 6, red, yellow, green, cyan or blue
maybe assigned to the estimated fluorescence yield. Fur-
ther, when the estimated fluorescence yield is less than
or equal to a predetermined lower limit value or higher
than or equal to a predetermined upper limit, an achro-
matic color may be assigned.

[0178] In the present embodiment, the value of the lu-
minance signal Y obtained by performing spectral image
processing on the ordinary image signal was used as the
intensity of reference light. However, instead of the value
of the luminance signal Y, the intensity of light obtained
from estimated spectral data in a long wavelength band,
for example at 620 nm or the like, may be used. In the
long wavelength band, a difference between the intensity
of fluorescence output from the normal tissue and the
intensity of fluorescence output from the lesion tissue is
small.

[0179] For example, the spectral image processing
unit 288 generates fluorescence superimposed image
for display so that the user who observes the image can
easily identify or confirm the position of the lesion tissue,
which has a small estimated fluorescence yield. The flu-
orescence superimposed image for display is produced
by assigning data that has been obtained by applying an
arbitrary gain or offset to the estimated fluorescence yield
to one or two of R, G, and B to obtain a fluorescentimage
and by superimposing the fluorescent image on a
black-and-white ordinary image that reflects the lumi-
nance signal Y of the ordinary image. The obtained flu-
orescence superimposed image for display is output to
the display processing unit 284. The display processing
unit 284 may produce a display image in which the color
ordinary image and the fluorescence superimposed im-
age for display that have been output from the spectral
image processing unit 288 are displayed next to each
other, and output the display image to the monitor 11 to
display the image.

[0180] Next, a fluorescence endoscope apparatus us-
ing a third embodiment of the fluorescent image obtain-
ment apparatus of the present invention will be described
in detail. Figure 12 is a schematic diagramiillustrating the
configuration of the fluorescence endoscope apparatus
to which the third embodiment of the present invention
has been applied. A fluorescence endoscope apparatus
300 of the present embodiment is configured in such a
manner that the operation mode can be switched be-
tween an ordinary image mode and a fluorescent image
mode. In the ordinary image mode, the region 10 to be
observed is illuminated with illumination light L1 to obtain
color ordinary images and the obtained images are dis-
played as a motionimage. Inthe fluorescentimage mode,
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the region 10 to be observed is illuminated with the illu-
mination light L1 and excitation light L2 to obtain com-
bined images, and fluorescent images are obtained from
the combined images by performing operation process-
ing, which will be described later. Further, the obtained
fluorescent images and the color ordinary images are
superimposed one on the other to obtain fluorescence
superimposed images, and the obtained fluorescence
superimposed images are displayed as a motion image.
In the following description, elements of the fluorescence
endoscope apparatus 300 of the present embodiment
that are different from the elements of the fluorescence
endoscope apparatus of the first embodiment will be
mainly described. Further, the same reference numerals
are assigned to elements similar to the elements of the
fluorescence endoscope apparatus of the first embodi-
ment.

[0181] As illustrated in Figure 12, the fluorescence en-
doscope apparatus 300 includes the scope unit 110, a
processor unit 370, the illumination light unit 150, and an
excitation light unit 330. The scope unit 110 is inserted
into the body cavity of a person to be examined (a patient)
to observe the region 10 to be observed. The processor
unit 370 is electrically connected to the scope unit 110
in a detachable manner. The illumination light unit 150
is optically connected to the scope unit 110 in a detach-
able manner, and stores the xenon lamp 151 that outputs
the illumination light L1. The excitation light unit 330 is
both electrically and optically connected to the illumina-
tion light unit 150 in a detachable manner, and stores a
GaN-based semiconductor laser 331 that outputs the ex-
citation light L2. The processor unit 370 and the illumi-
nation light unit 150 may be structured as a single body
or as separate bodies.

[0182] The scope unit 110 and the illumination light
unit 150 are structured in a manner similar to those of
the fluorescence endoscope of the first embodiment.
[0183] The excitation light unit 330 includes a
GaN-based semiconductor laser 331 that outputs the ex-
citation light L2, a drive circuit 332 that drives the semi-
conductor laser 331, and a light guide 333 that guides
the excitation light L2 output from the semiconductor la-
ser 331. The light guide 333 extends from the case of
the excitation light unit 330 to the outside of the excitation
light unit 330, and the other end of the light guide 333 is
connected to the optical connector 336. The optical con-
nector 336 is detachably connected to the optical con-
nector 161 of the illumination light unit 150. A switch 334
is provided between the semiconductor laser 331 and
the drive circuit 332, and a condensing lens 335 is pro-
vided between the semiconductor laser 331 and an end
(light incident end) of the light guide 333.

[0184] In the fluorescence endoscope apparatus 300
of the present embodiment, the drive circuit 332 that
drives the semiconductor laser 331 generates a drive
pulse signal, and drives the semiconductor laser 331
based on the drive pulse signal. The semiconductor laser
331isdriven based on the drive pulse signal, and outputs
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pulsed excitation light L2.

[0185] Further, the excitation light unit 330 includes a
control unit 340 that is connected to each element, such
as the drive circuit 332 and the switch 334, provided in
the excitation light unit 330, and that controls each of the
elements. Further, the control unit 340 controls commu-
nication between the illumination light unit 150 and the
excitation light unit 330. The control unit 340 is connected
to an end of a signal line 341. The signal line 341 extends
to the outside of the case of the excitation light unit 330,
and a connector 342 is provided at the other end of the
signal line 341. The connector 342 is detachably con-
nected to the connector 165 of the illumination light unit
150.

[0186] Meanwhile, a processing unit 372 is provided
in the processor unit 370. The processing unit 372 in-
cludes an ordinary image processing unit 374 and a dis-
play processing unit 376 that perform signal processing
when an ordinary image mode is selected. Further, the
processing unit 372 includes a fluorescent image
processing unit 382 and a display processing unit 384
that perform image processing when a fluorescentimage
mode is selected. Further, the processing unit 372 in-
cludes a light amount control unit 386 that controls the
intensity of the illumination light and the excitation light.
[0187] The ordinary image processing unit 374 gener-
ates an ordinary image signal composed of three-color
image signals of R, G and B based on an ordinary image
obtained by the scope unit 110 by illumination of the re-
gion 10 to be observed with the illumination light L1. Fur-
ther, the ordinary image processing unit 374 performs
various kinds of image processing on the ordinary image
signal, and generates a Y/C signal composed of a lumi-
nance (Y) signal and chrominance [C (R-Y and B - Y)]
signals. Further, the ordinary image processing unit 374
outputs the Y/C signal to the display processing unit 376.
The display processing unit 376 performs various kinds
of signal processing on the Y/C signal to generate a color
ordinary image signal for display. The color ordinary im-
age signal is output to a monitor 11, such as a liquid
crystal display or a CRT, for example.

[0188] When the fluorescent image mode is selected,
the fluorescent image processing unit 382 generates a
combined image signal composed of three-color image
signals of R, G and B based on a combined image ob-
tained by the scope unit 110 in the time period in which
the region 10 to be observed is illuminated with both of
the illumination light L1 and the excitation light L2. Fur-
ther, the fluorescent image processing unit 382 subtracts
the ordinary image signal obtained by the ordinary image
processing unit 374 from the combined image signal to
obtain a fluorescent image signal. Further, various kinds
of signal processing are performed on the fluorescent
image signal, and the ordinary image signal obtained by
the ordinary image processing unit 374 and the fluores-
cent image signal are superimposed one on the other to
generate a fluorescence superimposed image signal.
Further, after various kinds of signal processing are per-
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formed on the fluorescence superimposed image signal,
a Y/C signal composed of a luminance (Y) signal and
chrominance [C (R - Y, B - Y)] signals is generated and
output to the display processing unit 384. The display
processing unit 384 performs various kinds of signal
processing on the Y/C signal to generate a fluorescence
superimposed image signal for display, and outputs the
generated fluorescence superimposed image signal for
display to the monitor 11.

[0189] The light amount control unit 386 is connected
to the ordinary image processing unit 374, and controls
the light amount of the illumination light L1 and the exci-
tation light L2 based on the luminance signal thatis based
on the ordinary image signal.

[0190] Further, the processing unit 372 is connected
to a keyboard-type input unit 392 and a connector 394.
The connector 394 is detachably connected to the con-
nector 127 of the scope unit 110. The connector 394 has
a connection detection unit 395 that detects whether the
connector 127 is connected to the connector 394. Fur-
ther, the processing unit 372 is connected to the control
unit 121 of the scope unit 110, the control unit 167 of the
illumination light unit 150, and the control unit 340 of the
excitation light unit 330.

[0191] Next, the operation of the fluorescence endo-
scope apparatus according to the present invention will
be described. First, an operation in the ordinary image
mode will be described. In the ordinary image mode, the
region 10 to be observed is illuminated with the illumina-
tion light L1 to obtain color ordinary images, and the color
ordinary images are displayed as a motion image.
[0192] Before the fluorescence endoscope apparatus
of the present embodiment is used, a washed and ster-
ilized scope unit 110 is attached to the processor unit
370 and the illumination light unit 150. Further, the con-
nector 127 connected to an end of the signal line 125
and an end of the signal line 126 of the scope unit 110
is connected to the connector 394 of the processor unit
370. Further, the optical connector 113 provided at the
leading end of the light guide 112 is connected to the
optical connector 153 of the illumination light unit 150.
When the connector 127 is connected to the connector
394, the connection detection unit 395 provided for the
connector 394 sends a connection signal to the process-
ing unit 372. Further, when the optical connector 113 is
connected to the optical connector 153, the connection
detection unit 154 provided for the optical connector 153
outputs a connection signal to the control unit 167.
[0193] When the processing unit 372 receives connec-
tion signals from the connection detection unit 395 and
the connection detection unit 154, a rotary shutter 159
of the illumination light unit 150 is rotated so that an op-
eration in the ordinary image mode can be performed.
Further, the function mode of a predetermined key of the
input unit 392 is set through the processing unit 372 of
the processor unit 370. Further, the function mode of the
switch 122 is set through the processing unit 372 and the
control unit 121 of the scope unit 110. Since the process-
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ing unit 372 controls processing, the operation mode
switches between a stop state and an ordinary image
mode when the user presses a predetermined key of the
input unit 392 or the switch 122.

[0194] When the user presses the predetermined key
of the input unit 392 or the switch 122 once, an operation
in the ordinary image mode starts. In the illumination light
unit 150, the xenon lamp 151 is turned on by the drive
circuit 152, and the illumination light L1 is continuously
output. The illumination light L1 passes through the
wavelengthfilter 155, the diaphragm 156 and the dichroic
mirror 157 and condensed onto the end surface of the
optical connector 113 by the condensing lens 158. The
condensed light enters the light guide 112. The illumina-
tion light L1 that has propagated through the light guide
112 is output from the leading end of the light guide 112.
The output light continuously illuminates the region 10 to
be observed through the optical system 111 for illumina-
tion.

[0195] The wavelengthband of theillumination light L1
is limited to greater than or equal to 410 nm and less than
or equal to 700 nm by the wavelength filter 155. The light
amount of the illumination light L1 is controlled by the
diaphragm 156. The light amount control operation of the
illumination light L1 by the diaphragm 156 will be de-
scribed later.

[0196] The CCD 117 that is driven by the CCD drive
circuit 118 captures an ordinary image of the region 10
to be observed to obtain an imaging signal, and outputs
the imaging signal. The imaging signal is amplified in the
CDS/AGC circuit 119 by correlated double sampling and
automatic gain control. Further, A/D conversion is per-
formed on the amplified imaging signal in the A/D con-
verter 120, and input to the ordinary image processing
unit 374 in the processing unit 372 of the processor unit
370. In the ordinary image processing unit 374, when the
ordinary image mode is selected, an ordinary image sig-
nal composed of three-color image signals of R, G and
B is generated based on the signal output from the scope
unit 110. Further, the ordinary image processing unit 374
performs various kinds of processing on the ordinary im-
age signal to generate a Y/C signal (color ordinary image
signal) that is composed of a luminance signal Y and
chrominance signals C. The Y/C signal is output to the
display processing unit 376. In the display processing
unit 376, various kinds of signal processing, such as I/P
conversion and noise removal processing, are performed
on the Y/C signal, and the processed signal is output to
the monitor 11.

[0197] The monitor 11 displays color ordinary images
based on the input color ordinary image signal as a mo-
tion image.

[0198] Further, the ordinary image processing unit 374
outputs the luminance signal Y for each pixel or an av-
erage luminance signal Y’ of a plurality of adjacent pixels
to the light amount control unit 386. The light amount
control unit 386 calculates an average luminance value
Ya of pixels in a specified area for each frame based on
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the input luminance signal Y or average luminance signal
Y’ , and compares the average luminance value Ya with
areference luminance value Yr (standard luminance val-
ue) that has been stored in the memory (not illustrated)
in advance. Further, the light amount control unit 386
selects a diaphragm control signal based on the result
of comparison, and outputs the diaphragm control signal
to the control unit 167 of the illumination light unit 150.
As the diaphragm control signal, when the average lumi-
nance value Ya is greater than the reference luminance
value Yr, a signal that reduces the aperture amount of
the diaphragm 156 is selected, in other words, a signal
that reduces the light passing through the aperture of the
diaphragm 156 is selected. When the average luminance
value Ya is smaller than the reference luminance value
Yr, a signal that increase the aperture amount of the di-
aphragm 156 is selected, in other words, a signal that
increases the light passing through the aperture of the
diaphragm 156 is selected. When the average luminance
value Ya and the reference luminance value Yr are sub-
stantially the same, a signal that maintains the same ap-
erture amount is selected.

[0199] The control unit 167 of the illumination light unit
150 controls the aperture amount of the diaphragm 156
based on the diaphragm control signal.

[0200] Next, an operation in the fluorescent image
mode will be described. Before the fluorescence endo-
scope apparatus is used in the fluorescent image mode,
awashed and sterilized scope unit 110 is attached to the
processor unit 370 and the illumination light unit 150.
Further, the connector 127 connected to an end of the
signal line 125 and an end of the signal line 126 of the
scope unit 110 is connected to the connector 394 of the
processor unit 370. When the connector 394 is connect-
ed to the connector 127, the connection detection unit
395 provided for the connector 394 outputs a connection
signal to the processing unit 372. Further, the optical con-
nector 113 provided at the leading end of the light guide
112 is connected to the optical connector 153 of the illu-
mination light unit 150. When the optical connector 153
is connected to the connector 113, the connection de-
tection unit 154 provided for the optical connector 153
sends a connection signal to the control unit 167.
[0201] Further, the excitation light unit 330 is connect-
ed to the illumination light unit 150. The connector 342
provided at the leading end of the signal line 341 of the
excitation light unit 330 is connected to the connector
165 of the illumination light unit 150. When the connector
342 is connected to the connector 165, the connection
detection unit 166 provided for the connector 165 outputs
a connection signal to the control unit 167. Further, the
optical connector 336 provided at the leading end of the
light guide 333 is connected to the optical connector 161
of the illumination light unit 150. When the optical con-
nector 336 is connected to the optical connector 161, the
connection detection unit 162 provided for the optical
connector 161 outputs a connection signal to the control
unit 167.
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[0202] The control unit 340 of the excitation light unit
330 communicates with the control unit 167 of the illumi-
nation light unit 150. When the control unit 340 receives
connection signals from the connection detection unit
166 and the connection detection unit 162, the control
unit 340 closes the switch 334 of the excitation light unit
330 to electrically connect the semiconductor laser 331
and the drive circuit 332. Consequently, the semiconduc-
tor laser 331 becomes drivable by the drive circuit 332.
Further, the function mode of a predetermined key of the
input unit 392 is set through the processing unit 372 of
the processor unit 370. Further, the function mode of the
switch 122 is set through the processing unit 372 and the
control unit 121 of the scope unit 110. Since the process-
ing unit 372 controls processing, the operation mode
switches between a stop state, an ordinary image mode
and a fluorescent image mode when the user presses a
predetermined key of the input unit 392 or the switch 122.
When the connection signals are not received from both
of the connection detection unit 166 and the connection
detection unit 162, in other words, when no connection
signals are received from the two connection detection
units, or no connection signal is received from one of the
connection detection units, the switch 334 in the excita-
tion light unit 330 is constantly in an open state. There-
fore, when the excitation light unit 330 is not connected
to the illumination light unit 150, the semiconductor laser
331 is not driven.

[0203] Further, when the fluorescence endoscope ap-
paratus is operating in the ordinary image mode, if the
user (doctor) presses the predetermined key of the input
unit 392 or the switch 122 once, an operation in the flu-
orescent image mode starts. In addition to the operation
of the illumination light unit 150, the operation of the ex-
citation light unit 330 starts. The semiconductor laser 331
is pulse-driven based on the drive pulse signal output
from the drive circuit 332, and excitation light L2 that has
a wavelength of 405 nm is output. Specifically, as illus-
trated in Figure 13, pulsed excitation light that has pulse
width of light-output time period T2 is output at cycle T.
[0204] The excitation light L2 is condensed by the con-
densing lens 335, and enters the end surface of the light
guide 333. The excitation light L2 propagates through
the lightguide 333, and enters the light guide 163 through
the optical connector 336 and the optical connector 161.
The excitation light L2 propagates through the light guide
163 and is output from an end of the light guide 163. The
output excitation light L2 is collimated by a collimator lens
164, and enters the dichroic mirror 157. Since the wave-
length of the excitation light L2 is 405 nm, the excitation
light is reflected at a right angle from the dichroic mirror
157, and condensed onto the end surface of the optical
connector 113 by the condensing lens 158. The con-
densed light enters the light guide 112.

[0205] The excitation light L2 propagates through the
light guide 112, and is output from the leading end of the
light guide 112. Further, the excitation light L2 is output
totheregion 10to be observed through the optical system
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111 for illumination to illuminate the region 10 to be ob-
served. At this time, the portion of the region 10 to be
observed that is illuminated with the excitation light L2 is
illuminated also with the illumination light L1. The light
amount of the excitation light L2 is controlled by the drive
current from the drive circuit 332. The operation for con-
trolling the light amount of the excitation light L2 by the
drive current will be described later.

[0206] The CCD 117 that is driven by the CCD drive
circuit 118 captures an ordinary image composed of the
reflection light of the illumination light L1, reflected from
the region 10 to be observed, in time period T1 illustrated
in Figure 13. In the time period T1, only the illumination
light L1 is output. Further, in time period T2 illustrated in
Figure 13, in which both of the illumination light L1 and
the excitation light L2 are output, the CCD 117 captures
a combined image composed of the reflection light of the
illumination light L1, reflected from the region 10 to be
observed, and fluorescence output from the region 10 to
be observed by illumination with the excitation light L2.
Further, since an excitation light cut filter that cuts light
that has a wavelength lower than or equal to 410 nm is
provided at the leading end of the CCD 117, most of the
reflection light of the excitation light L2 does not enter
the CCD 117.

[0207] The CCD 117 outputs imaging signals, and the
imaging signals are amplified in the CDS/AGC circuit 119
by correlated double sampling and automatic gain con-
trol. Further, A/D conversion is performed on the ampli-
fied imaging signals in the A/D converter 120, and output
as an RGB image signal to the processing unit 372 of
the processor unit370. At this time, the RGB image signal
based ontheordinaryimageisinputtothe ordinaryimage
processing unit 374, and the RGB image signal based
on the combined image is input to the fluorescent image
processing unit 382. Further, the ordinary image process-
ing unit 374 generates an ordinary image signal from the
input RGB image signal, and outputs the ordinary image
signal to the fluorescent image processing unit 382.
[0208] Meanwhile, the fluorescent image processing
unit 382 generates a combined image signal from the
input RGB image signal. Further, the fluorescent image
processing unit 382 subtracts the ordinary image signal
from the combined image signal to generate afluorescent
image signal. Further, the fluorescent image processing
unit 382 performs various kinds of signal processing on
the fluorescent image signal, and superimposes the or-
dinary image signal on the fluorescent image signal to
generate a fluorescence superimposed image signal.
Further, the fluorescent image processing unit 382 per-
forms various kinds of signal processing on the fluores-
cence superimposed image signal, and generates a Y/C
signal composed of a luminance (Y) signal and chromi-
nance[C (R-Y,B-Y)]signals. The generated Y/C signal
is output to the display processing unit 384. The display
processing unit 384 performs various kinds of signal
processing on the Y/C signal to generate a fluorescence
superimposed image signal for display, and outputs the
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generated fluorescence superimposed image signal for
display to the monitor 11.

[0209] The monitor 11 displays the fluorescence su-
perimposed image based on the input fluorescent super-
imposed image signal for display as a motion image. The
fluorescence superimposed image is an image in which
the fluorescent image and the ordinary image are super-
imposed one on the other.

[0210] Further, the ordinary image processing unit 374
outputs the luminance signal Y for each pixel or an av-
erage luminance signal Y’ of a plurality of adjacent pixels
to the light amount control unit 386. The light amount
control unit 386 calculates an average luminance value
Ya of pixels in a specified area for each frame, and com-
pares the average luminance value Ya with a reference
luminance value Yr (standard luminance value) that has
been stored in the memory (not illustrated) in advance.
Further, the light amount control unit 386 selects a dia-
phragm control signal based on the result of comparison,
and outputs the diaphragm control signal to the control
unit 167 of the illumination light unit 150. As the dia-
phragm control signal, when the average luminance val-
ue Ya is greater than the reference luminance value Yr,
a signal that reduces the aperture amount of the dia-
phragm 156 is selected, in other words, a signal that re-
duces the light passing through the aperture of the dia-
phragm 156 is selected. When the average luminance
value Ya is smaller than the reference luminance value
Yr, a signal that increase the aperture amount of the di-
aphragm 156 is selected, in other words, a signal that
increases the light passing through the aperture of the
diaphragm 156 is selected. When the average luminance
value Ya and the reference luminance value Yr are sub-
stantially the same, a signal that maintains the same ap-
erture amount is selected. Further, a drive current control
signal corresponding to the diaphragm control signal is
output so that the ratio of the light amount of the illumi-
nation light L1 to the light amount of the excitation light
L2 becomes a predetermined ratio. The ratio of the light
amount of the illumination light L1 to the light amount of
the excitation light L2 may be set by an input operation
at the input unit 392 in advance. The light amount control
unit 386 determines the drive current amount of the sem-
iconductor laser 331 based on the set ratio and the ap-
erture amount of the illumination light L1, and outputs the
drive current control signal.

[0211] The control unit 167 of the illumination light unit
150 controls the aperture amount of the diaphragm 156
based on the diaphragm control signal. Further, the con-
trol unit 340 of the excitation light unit 330 controls, based
on the drive current control signal, the value of the electric
current supplied from the drive circuit 332 to the semi-
conductor laser 331.

[0212] In the above description, the fluorescent image
signal and the ordinary image signal were superimposed
one on the other to generate the fluorescence superim-
posed image signal. Further, the fluorescence superim-
posed image for display was displayed based on the flu-
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orescence superimposed image signal. However, it is
not necessary that the processing is performed in such
amanner. For example, a fluorescence yield may be ob-
tained by dividing the fluorescent image signal by the
value of the luminance signal Y of the ordinary image
signal. Further, the colors of red, yellow and green may
be sequentially assigned to the fluorescence yield based
on the size (value) of the fluorescence yield to produce
a fluorescent image for display. Further, the produced
fluorescent image for display may be displayed on the
monitor 11.

[0213] Further, the characteristic that the intensity of
fluorescence output from normal tissue and the intensity
of fluorescence output from lesion tissue differ from each
may be utilized, and a judgment unit that judges whether
the region 10 to be observed is a lesion tissue based on
the fluorescence yield that has been obtained as de-
scribed above may be provided. When the judgment unit
has judged that the region 10 to be observed is a normal
tissue, an ordinary image may be displayed. When the
judgment unit has judged that the region 10 to be ob-
served is a lesion tissue, a new fluorescent image may
be produced by changing the ordinary color image of the
pixel based on the fluorescence yield, and displayed.
[0214] Further, with respect to the ordinary image, a
new ordinary image may be produced by applying a pre-
determined gain and/or offset, and the produced image
may be displayed. In this case, it is desirable that the
gain and/or offset for the ordinary image differs from the
gain and/or offset for the fluorescentimage. Forexample,
the gains and the offsets may satisfy the following rela-
tions: gain GAINf for the fluorescent image > gain GAINn
for the ordinary image; and offset OFFSET( for the fluo-
rescent image> offset OFFSETn for the ordinary image.
[0215] Further, the fluorescent image signal may be
added to the combined image signal to enhance the flu-
orescence, and the fluorescent image for display may be
produced.

[0216] Further, in the fluorescence endoscope appa-
ratus of the above embodiments, the ordinary image sig-
nal is generated based on the ordinary image obtained
in the time period when only the illumination light L1 is
output, and the fluorescent image signal is generated
based on the combined image obtained in the time period
when both of the illumination light L1 and the excitation
light L2 are output. Since the time period in which the
ordinary image is obtained and the time period in which
the combined image is obtained differ from each other,
the imaging position of the region 10 to be observed cor-
responding to the ordinary image and the imaging posi-
tion of the region 10 to be observed corresponding to the
combined image may differ from each other in some cas-
es. In such cases, the shift (difference) in the imaging
positions may be detected based on the ordinary image
signal based on the ordinary image and the combined
image signal based on the combined image. Further, po-
sitioning may be performed based on the shift amount in
position. For example, the positions may be adjusted by
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performing shift correction processing on one of the im-
age signals.

[0217] Further, as illustrated in Figure 14, a spectral
image processing unit 388 may be provided in the fluo-
rescence endoscope apparatus of the above embodi-
ments. The spectral image processing unit 388 may per-
form spectral image processing on at least one of the
ordinary image signal composed of RGB image signals,
obtained in the ordinary image processing unit 374, the
combined image signal composed of RGB image signals,
obtained in the fluorescent image processing unit 382,
and the fluorescent image signal obtained in the fluores-
cent image processing unit 382. Further, whether the
spectral image processing is performed may be selected
by an input operation at the input unit 392. The action in
the case of performing spectral image processing on the
ordinary image signal, the fluorescent image signal or
the combined image signal is similar to the action of the
fluorescence endoscope apparatus of the second em-
bodiment.

[0218] Further, the spectral image processing unit 388
may obtain a fluorescence yield, and produce a fluores-
cent image based on the fluorescence yield.

[0219] Specifically, the spectral image processing unit
388 uses, as reference light intensity, the value of the
luminance signal Y obtained by the spectral image
processing on the ordinary image signal. Further, the
spectralimage processing unit 388 divides the luminance
signal Y’ obtained by spectral image processing on the
spectral image by the value of the luminance signal to
obtain an estimated fluorescence yield. For example, a
fluorescence image for display is produced by sequen-
tially assigning red, yellow or green to the estimated flu-
orescence yield, as illustrated in Figure 5. In this case,
the lesion tissue that has a smaller estimated fluores-
cence yield is display in red, and a normal tissue that has
a larger estimated fluorescence yield is displayed in
green. When the estimated fluorescence yield is lower
than or equal to a predetermined lower limit value, only
red is assigned. When the estimated fluorescence yield
is greater than or equal to a predetermined upper limit
value, green is assigned. Alternatively, as illustrated in
Figure 6, red, yellow, green, cyan or blue may be as-
signed to the estimated fluorescence yield. Further, when
the estimated fluorescence yield is less than or equal to
a predetermined lower limit value or higher than or equal
to a predetermined upper limit value, an achromatic color
may be assigned.

[0220] Inthe present embodiment, the intensity of light
obtained from estimated spectral data in a long wave-
length band, for example at 620 nm or the like, may be
used as the reference light intensity in a manner similar
to the second embodiment. In the long wavelength band,
a difference between the intensity of fluorescence output
from the normal tissue and the intensity of fluorescence
output from the lesion tissue is small.

[0221] For example, the spectral image processing
unit 388 generates fluorescence superimposed image
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for display so that the user who observes the image can
easily identify or confirm the position of the lesion tissue,
which has a small estimated fluorescence yield. The flu-
orescence superimposed image for display is produced
by assigning data that has been obtained by applying an
arbitrary gain or offset to the estimated fluorescence yield
to one or two of R, G and B to produce a fluorescent
image, and by superimposing the fluorescent image on
a black-and-white ordinary image that reflects the lumi-
nance signal Y of the ordinary image. The obtained flu-
orescence superimposed image for display is output to
the display processing unit 384. The display processing
unit 384 may produce a display image in which the color
ordinary image and the fluorescence superimposed im-
age for display that have been output from the spectral
image processing unit 388 are displayed next to each
other, and output the display image to the monitor 11 to
display the image.

[0222] Further, the embodiments of the fluorescentim-
age obtainment apparatus of the present invention are
not limited to the aforementioned embodiments. The flu-
orescent image obtainment apparatus of the present in-
vention may be embodied in any manner as long as illu-
mination light and excitation light are output and a fluo-
rescent image is obtained. For example, the fluorescent
image obtainment apparatus of the present invention
may be an endoscope apparatus including a light source
unit, such as an LED, which is provided at the leading
end of the scope unit of the endoscope, a colposcope, a
capsule endoscope apparatus or the like. Further, the
fluorescent image obtainment apparatus of the present
invention may be a microscope having a fluorescent im-
age obtainment function or the like.

[0223] In the above description, a primary-color-type
three-color filter is used as the mosaic filter of the CCD
117. However, the filter is not limited to the primary-color-
type three-color filter. A four-color type mosaic filter, a
complementary-color-type mosaic filter or the like may
be used instead of the primary-color-type three-color fil-
ter. In this case, the signal output from the CCD 117 may
be converted into a primary-color-type signal by signal
processing. Alternatively, estimation matrix data corre-
sponding to the spectral characteristics of these mosaic
filters may be stored in the memory in advance.

[0224] In the embodiments of the present invention,
autofluorescence that is output from the living tissue of
a patient was obtained. However, it is not necessary that
the autofluorescence is obtained. For example, fluores-
cence output from a region to be observed to which a
fluorescent dye, such as indocyanine green, has been
injected may be obtained. Further, as the excitation light,
light that has a wavelength of 405 nm was used. How-
ever, it is not necessary that the excitation light has such
a wavelength. For example, when indocyanine green is
used as the fluorescent dye, excitation light in the wave-
length band of 700 nm to 800 nm may be used. In that
case, the wavelength band of fluorescence output from
the indocyanine green is longer than or equal to 800 nm.
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Further, the type of the excitation light source is not lim-
ited to the laser. An LED may be used as the excitation
light source.

Preferred embodiments of the invention are outlined in
the following paragraphs :

[0225]

1. A fluorescent image obtainment method compris-
ing the steps of:

capturing an image composed of light reflected
from a region to be observed, the region having
been illuminated with illumination light, and an
image composed of fluorescence output from
the region to be observed, the region having
been illuminated with excitation light at the same
time as illumination with the illumination light;

producing an ordinary image based on the cap-
turedimage composed of the reflection light; and

producing a fluorescent image based on the
captured image composed of fluorescence,
wherein the light amount of the illumination light
is controlled so that a representative luminance
value of the ordinary image becomes a prede-
termined luminance value, and wherein the light
amount of the excitation lightis controlled so that
the ratio of the light amount of the excitation light
to the light amount of the illumination light be-
comes a predetermined ratio.

2. A fluorescent image obtainment method compris-
ing the steps of:

driving an illumination light source means so as
to continuously output illumination light;

pulse-driving an excitation light source means,
based on a pulse signal, so as to output pulsed
excitation light;

capturing an image composed of light reflected
from a region to be observed by illumination with
the illumination light, and an image including flu-
orescence output from the region to be observed
by illumination with excitation light;

producing an ordinary image based on the cap-
turedimage composed of the reflection light; and

producing a fluorescent image based on the
captured image including fluorescence, wherein
the light amount of the illumination light is con-
trolled so that a representative luminance value
ofthe ordinary image becomes a predetermined
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luminance value, and wherein the light amount
of the excitation light is controlled by controlling
the pulse signal so that the ratio of the light
amount of the excitation light to the light amount
of the illumination light becomes a predeter-
mined ratio.

3. Afluorescent image obtainment method compris-
ing the steps of:

driving an illumination light source means so as
to continuously output illumination light;

pulse-driving an excitation light source means
so as to output pulsed excitation light;

continuously illuminating a region to be ob-
served with the illumination light;

illuminating a region that is substantially the
same as the region illuminated with the illumi-
nation light with the pulsed excitation light;

capturing a firstimage composed of light reflect-
ed from the region to be observed in a time pe-
riod when the region to be observed is illuminat-
ed only with the illumination light in the process
of continuously illuminating the region to be ob-
served with the illumination light and illuminating
substantially the same region with the pulsed
excitation light;

capturing a second image composed of light re-
flected from the region to be observed and flu-
orescence output from the region to be observed
in a time period when the region to be observed
is illuminated with both of the illumination light
and the excitation light in the process of contin-
uously illuminating the region to be observed
with the illumination light and illuminating sub-
stantially the same region with the pulsed exci-
tation light;

producing an ordinary image based on the first
image; and

producing a fluorescentimage based on the first
image and the second image.

4. A fluorescent image obtainment method compris-
ing the steps of:

capturing an image composed of light reflected
from a region to be observed, the region having
been illuminated with illumination light, and flu-
orescence output from the region to be ob-
served, the region having been illuminated with
excitation light at the same time as illumination
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with the illumination light;

calculating estimated spectral data of a specific
fluorescence wavelength band for each pixel of

64

fined in para 5, the apparatus further comprising:

a storage unit (190) that stores an estimation
matrix for pseudo-spectral image processing;

image signals ofthe captured image, the specific 5 and
fluorescence wavelength band including atleast
an approximate center wavelength band of the an estimated spectral data calculation means
fluorescence, and the estimated spectral data (180) that uses an image signal output from the
being calculated based an image signal value imaging means and the estimation matrix, and
of each of the pixels and an estimation matrix 70 calculates, for each pixel of the image signal,
for calculating the estimated spectral data, and estimated spectral data, wherein the image
the estimation matrix having been stored in ad- processing means (170) obtains, based on the
vance; estimated spectral data for each of the pixels,

estimated spectral data of a specific fluores-
obtaining, based on the estimated spectral data 75 cence wavelength band that includes at least a
of the specific fluorescence wavelength band, center wavelength band of the fluorescence,
information that reflects the radiation intensity and produces the fluorescent image based on
of the fluorescence output from the region to be the estimated spectral data of the specific fluo-
observed; and rescence wavelength band.

20

producing a fluorescent image based on the in- 7. Afluorescentimage obtainment apparatus, as de-
formation that reflects the radiation intensity of fined in para 6, wherein the image processing means
the fluorescence. (170) :

5. A fluorescent image obtainment apparatus com- 25
prising:

calculates, based on the estimated spectral data
of the specific fluorescence wavelength band,

a light illumination means (130,150) that illumi-
nates a region to be observed with illumination

pseudo-fluorescence intensity, which is the in-
tensity of lightin the specific fluorescence wave-
length band;

light and excitation light at the same time; 30 obtains estimated spectral data of a reference
wavelength band that does not include the spe-

an imaging means (110) that captures animage cific fluorescence wavelength band;

composed of light reflected from the region to calculates, based on the estimated spectral data

be observed, the region having been illuminated of the reference wavelength band, reference

with the illumination light, and an image com- 35 lightintensity, which is the intensity of light in the

posed of fluorescence output from the region to reference wavelength band;

be observed, the region having been illuminated calculates a pseudo-fluorescence yield by divid-

with the excitation light; ing the pseudo-fluorescence intensity by the ref-
erence light intensity; and

animage processing means (170) thatproduces 40 produces the fluorescent image based on the

an ordinary image based on the image com- pseudo-fluorescence yield.

posed of the reflection light, the image having

been captured by the imaging means, and a flu- 8. A fluorescent image obtainment apparatus com-

orescent image based on the image composed prising:

of fluorescence, the image having been cap- 45

tured by the imaging means; and an illumination light source means (150) that
continuously outputs illumination light;

a light amount control means (186) that controls

the light amount of the illumination light so that an excitation light source means (230) that is

arepresentative luminance value of the ordinary 50 pulse-driven based on a pulse signal to output

image becomes a predetermined luminance val- pulsed excitation light;

ue, and that controls the light amount of the ex-

citation light so that the ratio of the light amount anillumination means (110) thatilluminates sub-

of the excitation light to the light amount of the stantially the same position of a region to be ob-

illumination light becomes a predetermined ra- 55 served with the illumination light and the excita-

tio.

6. A fluorescent image obtainment apparatus, as de-

33

tion light;

an imaging means (110) that captures animage
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composed of light reflected from the region to
be observed by illumination with the illumination
light, and an image including fluorescence out-
put from the region to be observed by illumina-
tion with the excitation light;

animage processing means (270) thatproduces
an ordinary image based on the image com-
posed of the reflection light, the image having
been captured by the imaging means (110), and
that produces a fluorescentimage based on the
image including fluorescence, the image having
been captured by the imagingmeans (110) ; and

a light amount control means (286) that controls
the light amount of the illumination light so that
arepresentative luminance value of the ordinary
image becomes a predetermined luminance val-
ue, and that controls the light amount of the ex-
citation light by controlling the pulse signal so
that the ratio of the light amount of the excitation
light to the light amount of the illumination light
becomes a predetermined ratio.

9. Afluorescent image obtainment apparatus, as de-
fined in para 8, wherein the excitation light source
means (230) outputs, at a predetermined cycle, one
or a plurality of beams of pulsed excitation light in a
predetermined time period in which the excitation
light can be output, and wherein the light amount
control means (286) controls the light amount of the
excitation light by changing the number of beams of
the pulsed excitation light in the predetermined time
period in which the excitation light can be output
and/or the light output time period of the pulsed ex-
citation light in the predetermined time period in
which the excitation light can be output.

10. A fluorescent image obtainment apparatus, as
defined in any one of paras 5 to 9, further comprising:

a setting means (292) that sets the ratio of the
light amount of the excitation light to the light
amount of the illumination light by an input op-
eration.

11. Afluorescent image obtainment apparatus com-
prising:

an illumination light source means (150) that
continuously outputs illumination light;

an excitation light source means (330) that is
pulse-driven based on a pulse signal to output
pulsed excitation light;

anillumination means (110) thatilluminates sub-
stantially the same position of a region to be ob-
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served with the illumination light and the excita-
tion light;

an imaging means (110) that captures a firstim-
age composed of light reflected from the region
to be observed in a time period when the region
to be observed is illuminated only with the illu-
mination light and that captures a second image
composed of light reflected from the region to
be observed and fluorescence output from the
region to be observed in a time period when the
region to be observed is illuminated with both of
the illumination light and the excitation light; and

animage processing means (370) that produces
an ordinary image based on the firstimage and
that produces, based the ordinary image and a
combined image that is based on the second
image, a fluorescent image.

12. A fluorescent image obtainment apparatus, as
defined in para 11, wherein the image processing
means (370) produces an image for display by per-
forming an operation by using at least two of the or-
dinary image, the fluorescent image and the com-
bined image.

13. A fluorescent image obtainment apparatus, as
defined in para 12, wherein the image processing
means (370) produces, based on the luminance ratio
between the ordinary image and the fluorescent im-
age, the image for display.

14. A fluorescent image obtainment apparatus, as
defined in any one of paras 11 to 13, wherein the
image processing means (370) performs spectral
image processing on at least one of the ordinary im-
age, the fluorescentimage and the combined image.

15. A fluorescent image obtainment apparatus, as
defined in para 14, further comprising:

a selection means (392) that can select whether
the spectral image processing is performed on
at least one of the ordinary image, the fluores-
cent image and the combined image.

16. A fluorescentimage obtainment apparatus com-
prising:

a light illumination means (150, 130) that illumi-
nates a region to be observed with illumination
light and excitation light at the same time;

an imaging means (110) that captures animage
composed of light reflected from the region to
be observed by illumination with the illumination
light, and fluorescence output from the region to
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be observed by illumination with the excitation
light;

a storage unit (190) that stores an estimation
matrix for calculating estimated spectral data;
and

an image processing means (170) that calcu-
lates estimated spectral data of a specific fluo-
rescence wavelength band for each pixel of an
image signal that has been output from the im-
aging means, the specific fluorescence wave-
length band including at least an approximate
center wavelength band of the fluorescence,
and the estimated spectral data being calculated
based animage signal value of each of the pixels
and the estimation matrix, and obtains, based
on the estimated spectral data of the specific
fluorescence wavelength band, information that
reflects the radiation intensity of the fluores-
cence output from the region to be observed,
and produces a fluorescent image based on the
information that reflects the radiation intensity
of the fluorescence.

17. A fluorescent image obtainment apparatus, as
defined in para 16, wherein the light illumination
means (150, 130) illuminates the region to be ob-
served with reference light that has a wavelength
different from that of the excitation light at the same
time as illuminating the region to be observed with
the excitation light, and wherein the imaging means
(110) captures an image including reflection light of
the reference light, the reflection light having been
reflected from the region to be observed, and where-
in the image processing means (170) calculates ref-
erence light intensity that is the intensity of reflection
light of the reference light, the reflection light being
included in the image captured by the imaging
means, and calculates, based on the estimated
spectral data of the specific fluorescence wave-
length band, pseudo-fluorescence intensity, which
is the intensity of light in the specific fluorescence
wavelength band, and calculates a pseudo-fluores-
cence yield, as radiation intensity information about
the fluorescence, by dividing the pseudo-fluores-
cence intensity by the reference light intensity.

18. A fluorescent image obtainment apparatus, as
defined in para 16 or 17, wherein the image process-
ing means (170) obtains, for each pixel of the image
signal output from the imaging means, estimated
spectral data of a semi-ordinary wavelength band
thatdoes notinclude the specific fluorescence wave-
length band by using the image signal value of each
of the pixels and the estimation matrix, and produces
a pseudo-ordinary image based on the estimated
spectral data of the semi-ordinary wavelength band.
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19. A fluorescent image obtainment apparatus, as
defined in para 18, the apparatus further comprising:

a display processing means (184) that produces
a fluorescence superimposed image in which
the fluorescent image is superimposed on the
pseudo-ordinary image.

20. A fluorescent image obtainment apparatus, as
defined in any one of paras 16 to 19, the apparatus
further comprising:

an input means (192) that sets the specific flu-
orescence wavelength band by an input opera-
tion.

21. A fluorescence endoscope apparatus compris-
ing:

an illumination light unit (150) that includes a
light source for illumination light that outputs the
illumination light;

an excitation light unit (130) that is detachably
connected to the illumination light unit (150) and
that includes a light source (131) for excitation
light that outputs the excitation light;

a first light guide means (110) that guides the
illumination light or the excitation light to illumi-
nate aregion to be observed with the illumination
light or the excitation light;

an imaging means (110) that captures animage
composed of light reflected from the region to
be observed by illumination with the illumination
light or animage composed of fluorescence out-
put from the region to be observed by illumina-
tion with the excitation light;

animage processing means (170) that produces
an ordinary image based on the image com-
posed of the reflection light, the image having
been captured by the imaging means (110), and
that produces a fluorescentimage based on the
image composed of the fluorescence, the image
having been captured by the imaging means
(110) ;

a detection means (162, 166) that detects
whether the excitation light unit (130) is connect-
ed to the illumination light unit (150); and

a light-output prevention means (134) that pre-
vents the excitation light unit (130) from output-
ting the excitation light when the detection
means (162, 166) has not detected that the ex-
citation light unit (130) is connected to the illu-
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mination light unit (150).

22. Afluorescence endoscope apparatus, as defined
in para 21, wherein the illumination light unit (150)
includes a second light guide means (161) that
guides the excitation light, and wherein the excitation
light unit (130) includes a third light guide means
(133, 136) that extends to the outside of the excita-
tion light unit (130) and guides the excitation light,
and wherein the detection means (162) detects
whether the second light guide means (161) and the
third light guide means (133, 136) are optically con-
nected to each other.

23. Afluorescence endoscope apparatus, as defined
in para21or22, wherein the excitation light unit (130)
includes a drive unit (132) for excitation light that
drives the light source (131) for excitation light, and
wherein when the light-output prevention means
(134) prevents the excitation light unit (130) from out-
putting the excitation light, the light-output preven-
tion means (134) prevents a drive unit (132) for ex-
citation light and the light source (131) for excitation
light from being electrically connected to each other.

24. Afluorescence endoscope apparatus, as defined
in any one of paras 21 to 23, wherein the illumination
light unit (150) includes a drive unit (152) for illumi-
nation light that drives the light source (151) for illu-
mination light and an illumination light control unit
(167) that controls the drive unit (152) for illumination
light, and wherein the excitation light unit (130) in-
cludes a drive unit (132) for excitation light that drives
the light source (131) for excitation light and an ex-
citation light control unit (140) that controls the drive
unit (132) for excitation light, and wherein the detec-
tion means (166) further detects whether the illumi-
nation light control unit (167) and the excitation light
control unit (140) are electrically connected to each
other.

25. Afluorescence endoscope apparatus, as defined
in any one of paras 21 to 24, wherein an operation
is performed in an ordinary image mode or in a flu-
orescent image mode, and wherein in the ordinary
image mode, the illumination light is output and the
ordinary image is produced, and wherein in the flu-
orescent image mode, the excitation light is output
and the fluorescent image is produced, and wherein
when the detection means (162, 166)has not detect-
ed that the excitation light unit (130) is connected to
the illumination light unit (150), the operation in the
fluorescent image mode is not performed.

26. An excitation light unit (130) detachably connect-
ed to an illumination light unit (150) of an endoscope
apparatus (100), wherein the endoscope apparatus
(100) includes:
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the illumination light unit (150) that has a light
source for illumination light that outputs illumi-
nation light ;

a first light guide means (110) that guides the
illumination light or excitation light to illuminate
aregion to be observed with the illumination light
or the excitation light;

an imaging means (110) that captures animage
of the region to be observed that has been illu-
minated with the illumination light or a fluores-
cence image of the region to be observed that
has been illuminated with the excitation light;
and

animage processing means (170) that produces
an ordinary image based on the image of the
region to be observed, the image having been
captured by the imaging means (110), and that
produces a fluorescent image based on the flu-
orescence image of the region to be observed,
the fluorescence image having been captured
by the imaging means,

the excitation light unit (130) comprising:

a light source (131) for excitation light that
outputs the excitation light;

a detection means (162, 166) that detects
whetherthe excitation light unit (130) is con-
nected to the illumination light unit (150);
and

a light-output prevention means (134) that
prevents the excitation light unit (150) from
outputting the excitation light to the outside
of the excitation light unit (150) when the
detection means (162, 166) has detected
that the excitation light unit (130) is not con-
nected to the illumination light unit (150).

Claims

A fluorescent image obtainment method comprising
the steps of:

driving an illumination light source means so as
to continuously output illumination light;
pulse-driving an excitation light source means
so as to output pulsed excitation light;
continuously illuminating a region to be ob-
served with the illumination light;

illuminating a region that is substantially the
same as the region illuminated with the illumi-
nation light with the pulsed excitation light;
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capturing a firstimage composed of light reflect-
ed from the region to be observed in a time pe-
riod when the region to be observed is illuminat-
ed only with the illumination light in the process
of continuously illuminating the region to be ob-
served with the illumination light and illuminating
substantially the same region with the pulsed
excitation light;

capturing a second image composed of light re-
flected from the region to be observed and flu-
orescence output from the region to be observed
in a time period when the region to be observed
is illuminated with both of the illumination light
and the excitation light in the process of contin-
uously illuminating the region to be observed
with the illumination light and illuminating sub-
stantially the same region with the pulsed exci-
tation light;

producing an ordinary image based on the first
image; and

producing a fluorescentimage based on the first
image and the second image.

2. Afluorescentimage obtainment apparatus compris-

ing:

an illumination light source means (150) that
continuously outputs illumination light;

an excitation light source means (330) that is
pulse-driven based on a pulse signal to output
pulsed excitation light;

anillumination means (110) thatilluminates sub-
stantially the same position of a region to be ob-
served with the illumination light and the excita-
tion light;

an imaging means (110) that captures a firstim-
age composed of light reflected from the region
to be observed in a time period when the region
to be observed is illuminated only with the illu-
mination light and that captures a second image
composed of light reflected from the region to
be observed and fluorescence output from the
region to be observed in a time period when the
region to be observed is illuminated with both of
the illumination light and the excitation light; and
animage processing means (370) thatproduces
an ordinary image based on the firstimage and
that produces, based the ordinary image and a
combined image that is based on the second
image, a fluorescent image.

A fluorescent image obtainment apparatus, as de-
fined in claim 2, wherein the image processing
means (370) produces an image for display by per-
forming an operation by using at least two of the or-
dinary image, the fluorescent image and the com-
bined image.
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4.

A fluorescent image obtainment apparatus, as de-
fined in claim 3, wherein the image processing
means (370) produces, based on the luminance ratio
between the ordinary image and the fluorescent im-
age, the image for display.

A fluorescent image obtainment apparatus, as de-
fined in any one of claims 2 to 4, wherein the image
processing means (370) performs spectral image
processing on at least one of the ordinary image, the
fluorescent image and the combined image.

A fluorescent image obtainment apparatus, as de-
fined in claim 5, further comprising:

a selection means (392) that can select whether
the spectral image processing is performed on
at least one of the ordinary image, the fluores-
cent image and the combined image.

Patentanspriiche

1.

Verfahren zum Gewinnen eines Fluoreszenzbilds,
umfassend folgende Schritte:

Treiben einer Beleuchtungslichtquelleneinrich-
tung derart, dass diese kontinuierlich Beleuch-
tungslicht abgibt;

impulsformiges Treiben einer Anregungslicht-
quelleneinrichtung zum Ausgeben von gepul-
stem Anregungslicht;

kontinuierliches Beleuchten einer zu beobach-
tenden Zone mit dem Beleuchtungslicht;
Belichten einer Zone, die im Wesentlichen die
gleiche ist, wie die mit dem Beleuchtungslicht
beleuchtete Zone, mit dem gepulsten Anre-
gungslicht;

Aufnehmen eines ersten Bilds, zusammenge-
setzt aus von der zu beobachtenden Zone in
einer Zeitspanne reflektiertem Licht, in der die
zu beobachtende Zone mit lediglich Beleuch-
tungslicht in dem Prozess des kontinuierlichen
Beleuchtens der zu beobachtenden Zone mit
dem Beleuchtungslicht und des Belichtens im
Wesentlichen der selben Zone mit dem gepul-
stem Anregungslicht beleuchtet wird;
Aufnehmen eines zweiten Bilds, zusammenge-
setzt aus von der zu beobachtenden Zone re-
flektiertem Licht und von der zu beobachtenden
Zone in einer Zeitspanne ausgegebener Fluo-
reszenz, in welcher die zu beobachtende Zone
mit sowohl dem Beleuchtungslicht als auch dem
Anregungslicht im Rahmen des Prozesses des
kontinuierlichen Beleuchtens der zu beobach-
tenden Zone mitdem Beleuchtungslichtund des
Belichtens im Wesentlichen derselben Zone mit
dem gepulsten Licht beleuchtet wird;
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Erzeugen eines normalen Bilds basierend auf
dem ersten Bild; und

Erzeugen eines Fluoreszenzbilds basierend auf
dem ersten Bild und dem zweiten Bild.

dem kombinierten Bild ausflihrt.

Vorrichtung nach Anspruch 5, weiterhin umfassend:

38

eine Auswahleinrichtung (392), die auswahlen
kann, ob die Spektralbildverarbeitung beztiglich
mindestens einem von dem Normalbild, dem
Fluoreszenzbild und dem kombinierten Bild aus-

5 gefiihrt wird.
2. Vorrichtung zum Erhalten eines Fluoreszenzbilds,
umfassend:
Revendications
eine Beleuchtungslichtquelleneinrichtung
(150), die kontinuierlich Beleuchtungslicht aus- 70 1. Procédé de création d’image fluorescente compre-
gibt; nant les étapes consistant a :
eine Anregungslichtquelleneinrichtung (330),
die basierend auf einem Impulssignal impulsfor- commander des moyens formant source de lu-
mig betrieben wird, um gepulstes Anregungs- miére d’illumination de sorte a les amener a
licht abzugeben; 15 émettre une lumiére d’illumination en continu ;
eine Beleuchtungseinrichtung (110), die im We- commander la création d’'impulsions par des
sentlichen die gleiche Stelle einer zu beobach- moyens formant source de lumiére d’excitation
tenden Zone mit dem Beleuchtungslicht und de sorte a les amener a émettre une lumiéere
dem Anregungslicht beleuchtet; d’excitation pulsée ;
eine Abbildungseinrichtung (110), die einerstes 20 illuminer en continu une région devant étre ob-
Bild aufnimmt, zusammengesetzt aus Licht, servée au moyen de la lumiére d’illumination ;
welches von der zu beobachtenden Zone in ei- illuminer une région qui est sensiblement la mé-
ner Zeitspanne reflektiert wird, in der die zu be- me que la région illuminée au moyen de la lu-
obachtende Zone nur mit dem Beleuchtungs- miére d’illumination, au moyen de la lumiere
licht beleuchtet wird, und die ein zweites Bild 25 d’excitation pulsée ;
aufnimmt, zusammengesetzt aus Licht, wel- capturer une premiére image composée de la
ches von der zu beobachtenden Zone reflektiert lumiere réfléchie a partir de larégion devant étre
wird, und Fluoreszenz, die von der zu beobach- observée au cours d’une période de temps don-
tenden Zone in einer Zeitspanne ausgegeben née, quand la région devant étre observée est
wird, in der die zu beobachtende Zone sowohl 30 illuminée uniquement au moyen de la lumiéere
mit dem Beleuchtungslicht als auch dem Anre- d’illumination durant le déroulement de Tillumi-
gungslicht beleuchtet wird; und nation en continu de la région devant étre ob-
eine Bildverarbeitungseinrichtung (370), die ba- servée au moyen de la lumiére d’illumination et
sierend auf dem ersten Bild ein Normalbild er- de l'illumination sensiblement de la méme ré-
zeugt, und die basierend auf dem Normalbild 35 gionaumoyende lalumiere d’excitation pulsée ;
und einem auf dem zweiten Bild basierenden capturer une seconde image composée de la
kombinierten Bild ein Fluoreszenzbild erzeugt. lumiere réfléchie a partir de larégion devant étre
observée et de la fluorescence émise par la ré-
Vorrichtung nach Anspruch 2, bei der die Bildverar- gion devant étre observée au cours d’'une pé-
beitungseinrichtung (370) ein Bild zum Anzeigen er- 40 riode de temps donnée, quand la région devant
zeugt, in dem sie eine Operation unter Verwendung étre observée est illuminée a la fois au moyen
von mindestens zwei Bildern von dem Normalbild, de la lumiére d’illumination et de la lumiére d’ex-
dem Fluoreszenzbild und dem kombinierten Bild citation durant le déroulement de I'illumination
ausfihrt. en continu de la région devant étre observée au
45 moyen de la lumiére d’illumination et de lillumi-
Vorrichtung nach Anspruch 3, bei der die Bildverar- nation sensiblement de la méme région au
beitungseinrichtung (370) basierend auf dem Lumi- moyen de la lumiére d’excitation pulsée ;
nanzverhaltnis zwischen dem normalen Bild und produire une image ordinaire sur la base de la
dem Fluoreszenzbild das Bild fiir die Anzeige er- premiére image ; et
zeugt. 50 produire une image fluorescente sur la base de
la premiére image et de la seconde image.
Vorrichtung nach einem der Anspriiche 2 bis 4, bei
der die Bildverarbeitungseinrichtung (370) eine 2. Appareil de creation dimage fluorescente
Spektralbildverarbeitung bezliglich mindestens ei- comprenant :
nem von dem Normalbild, dem Fluoreszenzbild und 55

des moyens formant source de lumiére d’illumi-
nation (150) qui émettent une lumiére d’illumi-
nation en continu ;
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des moyens formant source de lumiere d’exci-
tation (330) qui sont amenés a créer des impul-
sions sur la base d’un signal pulsé de sorte a
émettre une lumiére d’excitation pulsée ;

des moyens d’illumination (110) qui illuminent
sensiblementla méme position d’'une région de-
vant étre observée au moyen de la lumiére d’il-
lumination et de la lumiére d’excitation ;

des moyens de formation d’'image (110) qui cap-
turent une premiere image composée de la lu-
miére réfléchie a partir de la région devant étre
observée au cours d’une période de temps don-
née, quand la région devant étre observée est
illuminée uniquement au moyen de la lumiére
d’illumination, et qui capturent une seconde ima-
ge composée de la lumiére réfléchie a partir de
la région devant étre observée et de la fluores-
cence émise par la région devant étre observée
aucours d’'une période de temps donnée, quand
la région devant étre observée est illuminée a
la fois au moyen de la lumiére d’illumination et
de la lumiére d’excitation ; et

des moyens de traitement d’image (370) qui pro-
duisent une image ordinaire sur la base de la
premiére image, et qui produisent une image
fluorescente sur la base de 'image ordinaire et
d’'une image combinée qui est basée sur la se-
conde image.

Appareil de création d’'image fluorescente selon la
revendication 2, dans lequel les moyens de traite-
ment d’'image (370) produisent une image destinée
a étre affichée en exécutant une opération au moyen
d’aumoins deuxdel'image ordinaire, de 'image fluo-
rescente et de 'image combinée.

Appareil de création d’'image fluorescente selon la
revendication 3, dans lequel les moyens de traite-
ment d'image (370) produisent I'image destinée a
étre affichée, sur la base du rapport de luminance
entre 'image ordinaire et I'image fluorescente.

Appareil de création d’image fluorescente selon
'une quelconque des revendications 2 a 4, dans le-
quel les moyens de traitement d'image (370) exécu-
tent un traitement d’image spectrale sur au moins
une de I'image ordinaire, de I'image fluorescente et
de 'image combinée.

Appareil de création d’'image fluorescente selon la
revendication 5, comprenant par ailleurs :

des moyens de sélection (392) qui peuvent sé-
lectionner si le traitement d’'image spectrale doit
étre exécuté sur au moins une de I'image ordi-
naire, de 'image fluorescente et de 'image com-
binée.
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