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Description

BACKGROUND OF THE INVENTION

[0001] An endoscope device for diagnosing a lesion within a living body has been widely known. For example, a
fluorescent endoscope device has been in practical use wherein excitation lights are irradiated onto a tissue surface of
a living body, a fluorescent material contained in the living tissue is excited, and fluorescence emitted from the living
tissue is imaged so as to obtain a fluorescent image. Such a fluorescent endoscope device may be used for diagnosing
a lesion in the living tissue based on information contained in an acquired image.
[0002] When excitation lights are irradiated onto the surface of a living tissue and auto-fluorescence from the surface
of the living tissue is detected, it is known that the intensity emitted by normal tissue is different from the intensity emitted
by lesion tissue. Analysis of the fluorescent intensity distribution obtained from the auto-fluorescent image of a living
tissue containing a lesion tissue region enables segmentation of the lesion tissue region and the normal tissue region.
The living tissue shows a layer structure in which collagen or elastin, each of which generates auto-fluorescence, is
primarily contained in the sub-mucosal layer. When the structure of the tissue of a mucous membrane that is situated
in the upper layer of the sub-mucosal layer changes due to a lesion, the auto-fluorescence of the collagen or elastin is
greatly affected and is attenuated before it reaches the superficial portion of the mucous membrane. Consequently,
detection of the fluorescent intensity in a wavelength range of 420 nm - 600 nm, which region includes the main auto-
fluorescent wavelengths of collagen or elastin, enables information to be acquired that may be used for identifying a
lesion tissue region that has developed in the mucosal layer.
[0003] It also is known that porphyrin, which is an organic compound that exists naturally within a living body, tends
to accumulate in a tumor. The porphyrin, when excited using excitation light in the visible wavelength range from blue
to green in a manner similar to that of collagen or elastin, generates auto-fluorescence having a peak wavelength in the
vicinity of 630 nm, so the detection of fluorescence within an extremely narrow band of wavelengths that includes 630
nm is indicative that a tumor has developed in the living tissue. It is further possible that the administration of a fluorescent
drug from outside the body, such as 5ALA (5-aminolevulinic acid), results in the accumulation of porphyrin in a tumor.
As described above, the detection of an auto-fluorescent spectrum from the living tissue enables the extraction of different
information that is contained in each spectral range.
[0004] A method and a device for diagnosing the presence of a lesion in living tissue by utilizing auto-fluorescence of
the living tissue is disclosed in, for example, U.S. Patent No. 5,769,792. The fluorescent endoscope device disclosed
in this patent enables a lesion tissue region to be clearly visualized by utilizing a fluorescent image in a spectral range
where the auto-fluorescent intensity of the lesion tissue is substantially different from that of normal tissue, and by utilizing
another spectral range where the intensity of auto-fluorescence in the lesion tissue is substantially equal to that of normal
tissue, enabling clear identification of the lesion tissue from the surrounding normal tissue.
[0005] Further, a method for diagnosing the presence of a lesion in living tissue is known that utilizes a substance
that has an affinity for lesion tissue that has developed in the living body. Initially, a fluorescent substance is administered
from outside the body to a site where the existence of a lesion is suspected. After some time, the fluorescent substance
selectively combines with the lesion tissue, and fluorescence from the fluorescent substance is then detected by irradiating
excitation lights onto the site. Such a technique enables clear identification of a lesion tissue region that has developed
in the living body. As the fluorescent substance, a fluorescent probe as disclosed in patent publications WO 2003/079015
and WO 2004/005917 may be used.
[0006] A fluorescent probe typically is composed of, on the molecular level, a portion that combines with a substance
that specifically participates in a process that occurs where a lesion tissue, such as a tumor, appears and develops
(hereinafter, such a substance will be referred to as a ’target substance’, and a pigment for generating fluorescence.
Pigments that generate fluorescence can be selected from various commercially available pigments. For example, in
patent publication WO 2003/079015, a fluorescent probe is disclosed composed of pigments having excitation wavelength
peak(s) and fluorescent wavelength peak(s) in the wavelength range of 600 nm - 1200 nm. The fluorescent probe can
be manufactured at very low cost, and the verification that such a fluorescent probe is safe to use with living body tissue
has already begun.
[0007] Furthermore, in patent publication WO 2004/005917, a fluorescent probe is disclosed that generates little
fluorescence before combining with a target substance but, after combining with a target substance, the chemical
structure of the probe changes so that the probe then generates a substantial fluorescence. Since the fluorescent probe
generates a substantial fluorescence only when combined with a target substance, the accuracy of detecting a lesion
can be improved by utilizing such a fluorescent probe. In addition, the fluorescent probe can be designed to selectively
combine with only a specific target substance so that the selection of a target substance that has characteristics unique
to a lesion enables the useful analysis and diagnosis of specificity in the lesion (for example, whether the lesion is
cancerous).
[0008] Further examples of endoscopes that employ fluorescence imaging are described in the European Patent
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Publications EP 1 089 067 A1 and EP 1 227 686 A1.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides an endoscope device as defined in claim 1. Preferred features of the invention
are recited in the dependent claims.
[0010] The present invention relates to a fluorescent endoscope device that irradiates excitation lights to a living body,
and that then images fluorescence generated by the excitation lights so as to obtain a fluorescent image. More particularly,
it relates to a fluorescent endoscope device that, with one observation, can acquire at least two types of information,
and processes the information into an image useful for diagnosis so as to distinguish with high accuracy a lesion, even
a lesion which has little structural change from that of normal living tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become more fully understood from the detailed description given below and the
accompanying drawings, which are given by way of illustration only and thus are not limitative of the present invention,
wherein:

Fig. 1 illustrates the basic construction of a fluorescent endoscope device according to the present invention;
Fig. 2 illustrates an example of the construction of an imaging unit 1;
Fig. 3 illustrates an example of the construction of a light source unit 3;
Figs. 4A, 4B and 4C illustrate examples of the construction of a turret 21 and a rotating disc 24 that may be arranged
in the light source unit 3, with Figs. 4A and 4B being axial and side views, respectively, of the turret 21, and Fig. 4C
being an axial view of the rotating disc 24;
Figs. 5A - 5F illustrate the spectral transmittance (more specifically, the % transmittance versus wavelength, in nm)
of various optical filters 22 that may be arranged in the turret 21 and the rotating disc 24;
Fig. 6 is a conceptual illustration that shows the relationship between the wavelength ranges of excitation lights
generated by the light source unit 3 and the wavelength range of fluorescence detected by the imaging unit 1;
Fig. 7 shows optical characteristics of an excitation light blocking filter, such as the excitation light cut-off filter 14
that is arranged in the imaging unit 1 illustrated in Fig. 2;
Figs. 8A and 8B illustrate the spectral transmittance (in % transmittance versus wavelength, in nm) of an etalon 13
that includes an air gap spacing, with Fig. 8A showing the spectral transmittance of each of the two surfaces of the
etalon 13, which is opposite to each other with an air gap spacing there between, and Fig. 8B showing the spectral
transmittance of the etalon 13 wherein a peak transmittance wavelength changes with the air gap spacing;
Figs. 9A - 9F are various diagrams that are used in describing the basic operation of the fluorescent endoscope
device of the present invention;
Fig. 10 is a timing chart showing the timing relationships during operation of the fluorescent endoscope device of
the present invention for one cycle of the rotating disc 24, including the illumination periods, the etalon states, and
the image signals acquired by the imaging unit;
Figs. 11A - 11C are conceptual illustrations used in describing a signal processing operation using image signals
D1 (illustrated in Fig. 11A), image signals D2 (illustrated in Fig. 11B), and the result (illustrated in Fig. 11C) of
subtracting the image signals D2 from the image signals D1;
Fig. 12 shows the arrangement of various components of a fluorescent endoscope device according to Embodiment
1 of the present invention;
Fig. 13 shows an alternative construction for a light source unit to that of the light source unit 8 shown in Fig. 12;
Figs. 14A - 14H are various diagrams used in describing basic operations of the fluorescent endoscope device
according to Embodiment 1 of the present invention;
Fig. 15 is a timing chart showing the timing relationships during operation of the fluorescent endoscope device of
Embodiment 1 for one cycle of the rotating disc 24, including the illumination periods, the etalon states, and the
image signals acquired by the imaging unit;
Figs. 16A - 16D are diagrams showing various typical fluorescent images that may be displayed on the screen of
a TV monitor 7 using the fluorescent endoscope device according to Embodiment 1 of the present invention;
Fig. 17 is a diagram showing an alternative construction example for a fluorescent endoscope device according to
Embodiment 1;
Fig. 18 is a diagram showing an alternative construction example of the imaging unit 1 used for the fluorescent
endoscope device of Embodiment 1;
Fig. 19 is a diagram showing an arrangement of optical filters OF1, OF2, and OF3 that comprise an optical filter
array 40;
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Figs. 20A - 20C show the % transmittance of the optical filters OF1, OF2 and OF3, respectively;
Fig. 21 shows the arrangement of various components of a fluorescent endoscope device according to Embodiment
2 of the present invention;
Figs. 22A - 22J are various diagrams used in describing the basic operation of a fluorescent endoscope device
according to Embodiment 2;
Fig. 23 is a timing chart showing the timing relationships during operation of the fluorescent endoscope device of
Embodiment 2 for two cycles of the rotating disc 24, including the illumination periods, the etalon states, and the
image signals acquired by the imaging unit;
Fig. 24 illustrates various optical filters (a), (b), (c), (e), (e) and (f) that may be arranged in various windows of the
rotating disc 24;
Figs. 25A - 25C are diagrams of typical types of fluorescent images that may be displayed on a TV monitor 7 using
the fluorescent endoscope device of Embodiment 2;
Figs. 26A - 26L are various diagrams used in describing the basic operation of a fluorescent endoscope device
according to Embodiment 3;
Fig. 27 is a timing chart showing the timing relationships during operation of the fluorescent endoscope device of
Embodiment 3 for three cycles of the rotating disc 24, including the illumination periods, the etalon states, and the
image signals acquired by the imaging unit; and
Figs. 28A - 28D are various diagrams showing typical types of fluorescent images that may be displayed on a TV
monitor 7 using a fluorescent endoscope device according to Embodiment 3.

DETAILED DESCRIPTION

[0012] When a lesion that has developed in a living tissue is diagnosed using endoscope images, the more information
regarding the lesion that is contained in the images acquired by the endoscope, the greater the likelihood that an accurate
diagnosis can be provided. Therefore, it is desirable that a fluorescent endoscope device be equipped so that it can
provide both a function to acquire an auto-fluorescent image from the lesion tissue in the visible wavelength region, and
a function to acquire a fluorescent image having wavelengths in the region from red to near-infrared from a fluorescent
probe that has been administered previously and has combined with the lesion tissue in the region. Further, it is desirable
to provide a function for utilizing information regarding the lesion contained in each fluorescent image and to process
the information into images useful for diagnosis.
[0013] However, in the conventional fluorescent endoscope device disclosed in U.S. Patent No. 5,769,792, it is im-
possible to acquire the above-mentioned information from various fluorescent substances and to process this information
so as to create an image. Further, in the patent publications WO 2003/079015 and WO 2004/005917, even though the
structure of a fluorescent probe and the procedures to introduce the fluorescent probe and to detect fluorescence are
disclosed, no specific construction details of the fluorescent endoscope device for the detection and analysis of the
fluorescence are disclosed.
[0014] A fluorescent endoscope device that can acquire, using a single observation, several types of information by
which to distinguish a lesion and that can process the information into an image useful for diagnosis, and that can enable
one to diagnose with high accuracy even a lesion as occurs with an early stage of cancer that exhibits little structural
change from that of normal living tissue will now be further described.
[0015] It has already been described that, in the visible wavelength region, the detection of an auto-fluorescent spectrum
of lesion tissue in different wavelength ranges enables the extraction and utilization of different information contained
in each spectral range, and in the spectral region from red to near-infrared wavelengths, the utilization of a fluorescent
probe which can be designed to selectively acquire and combine with a specific target substance enables the fluorescent
probe to be useful for the analysis and diagnosis of, for example, whether the lesion is cancerous.
[0016] The fluorescent endoscope device of the present invention is constructed so that, with one observation, a
process to acquire an auto-fluorescent image of a lesion tissue and another process to acquire a fluorescent image
generated by combining a fluorescent probe with a substance that distinguishes the lesion, are executable. Furthermore,
the fluorescent endoscope device of the present invention is constructed to: (1) extract information that is unique to the
lesion using multiple images that have been acquired in each process; (2) process the multiple images into a desired
information format; and (3) re-structure a fluorescent image that is useful for diagnosis.
[0017] The basic construction of a fluorescent endoscope device according to the invention is illustrated in Fig. 1. An
imaging unit 1 and an illumination unit 2 are arranged in an insertion end 101. The illumination unit 2 is connected to a
light source unit 3 via an optical transmission means, such as a light guide, and an illumination light that is supplied from
the light source unit 3 is irradiated onto a surface of a living tissue. The light source unit 3 is constructed so that multiple
excitation lights having different wavelength components can be generated using wavelengths from at least the visible
wavelength region to the infrared wavelength region. The imaging unit 1 and the light source unit 3 are connected to a
control unit 4. The control unit 4 controls the timing that the light source unit 3 generates the excitation light and supplies
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the generated excitation light to the illumination unit 2, and the timing that the imaging unit 1 acquires the fluorescent
image from the living tissue surface. In this manner a fluorescent image from the surface of the living tissue is formed
by the imaging unit 1, image signals are acquired by the imaging unit 1, and the image signals are processed by an
image processing unit 5. The image processing unit 5 is equipped with a memory circuit 5a to temporarily store the
image signals as data and an operation circuit 5b that performs an operation required for image processing based on
the data stored in the memory circuit 5a. Further, an external recording device 6, such as a DVD or HDD, is connected
to the image processing unit 5. This enables the image signals generated by the imaging unit 1 and the image data
processed by the image processing unit 5 to be recorded in an external recording device 6. The data recorded in the
external recording device 6 may be read by the image processing unit 5 and processed. The fluorescent image that has
been processed by the image processing unit 5 may then be displayed on a TV monitor 7.
[0018] A fluorescent probe applicable to the diagnosis of a lesion tissue using the fluorescent endoscope device is
constructed using pigments that absorb light having a wavelength of 500 nm or longer and that then emit fluorescence.
Commercially available pigments that can be used include, for example, dicarbocyanine pigments Cy5 and Cy5.5 man-
ufactured by Amersham Bioscience, tricarbocyanine pigment Cy7 manufactured by Amersham Bioscience, or ALEXA
FLUOR 700 manufactured by Invitrogen. The primary absorption wavelength range and fluorescent wavelength range
of each of these pigments are as shown in Table 1 below.

[0019] According to Table 1, the primary absorption wavelength ranges of these four pigments substantially overlap.
However, it is clear that the fluorescent wavelength ranges differ enough to be detectable by separating each fluorescent
wavelength range. In other words, the selection of an appropriate wavelength light from the red wavelength range enables
simultaneous excitation of the pigments and the individual detection of fluorescence generated by the pigments. There-
fore, if a plurality of fluorescent probes are made by using the above mentioned pigments, which selectively combine
with different target substances that specifically participate in a process that occurs where there is lesion tissue (for
example, a substance that occurs in a malignant lesion, and a substance associated with an active growth area of a
lesion), these probes may be excited with a common excitation light and generate a plurality of fluorescent lights of
different wavelengths. These probes are useful for improving accuracy in diagnosing a lesion tissue with a fluorescent
endoscope device.
[0020] Fig. 2 shows a construction example of an imaging unit 1. In order for multiple fluorescent probes to be excited
and their fluorescence separately detected, the imaging unit 1 is equipped with an objective optical system 11, a photo
detector 12 (which serves as an image pickup device) and a variable transmittance optical element 13. The variable
transmittance optical element 13 may be located between the surface of the objective optical system 11 that is nearest
the image side and the acceptance surface of the photo detector 12. Further, an optical filter 14 for shielding light which
excites the fluorescent probes may be arranged between the object-side-surface of the objective optical system 11 and
the variable transmittance optical element 13. In the imaging unit 1 shown in Fig. 2, the variable transmittance optical
element 13 is an etalon. By changing the air gap spacing of the etalon, the peak transmittance wavelength that is
transmitted by the etalon may be changed.
[0021] The construction of the imaging unit 1 is such that the air gap spacing of the etalon is controlled by the control
unit 4 in synchronization with the irradiation periods of the excitation lights. When lights enabling simultaneous excitation,
for example, of three fluorescent probes are irradiated onto the surface of the living body tissue via the illumination unit
2, the etalon is controlled to have at least three different transmitted light wavelength ranges during the irradiation period
of the excitation lights.
[0022] Meanwhile, in the case of exciting an auto-fluorescent substance (i.e., a fluorescent substance that naturally
exists within a living body), a wavelength range of 500 nm or shorter is used. For example, light of 405 nm can excite
collagen or elastin that naturally occurs in the sub-mucosal layer of living tissue, and such light can simultaneously excite
porphyrin, which is an organic compound that occurs naturally within a living body. Collagen and elastin mainly generate
fluorescence within the wavelength range of 420 nm - 600 nm, and porphyrin generates fluorescence having a wavelength
of 630 nm, making it possible to separately detect the fluorescence when using the imaging unit 1 shown in Fig. 2.
[0023] Fluorescence from collagen or elastin and fluorescence from porphyrin contain different information regarding
a lesion, that is, the auto-fluorescent light having different wavelengths contain different information regarding a lesion.

TABLE 1
Pigment Absorption wavelength (nm) Fluorescent wavelength (nm)

Cy5 580 - 660 640 - 680
Cy5.5 620 - 700 670 - 710

ALEXA FLUOR 700 650 - 720 700 - 740
Cy7 650 - 770 760 - 800
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Therefore, by using both an observation of the auto-fluorescence and an observation that uses multiple fluorescent
probes in combination, the total information obtained increases as compared with the information obtained using a single
fluorescent observation. This enables an outstanding improvement in the accuracy of the diagnosis of lesion tissue. For
example, in cancer tissue that has only recently developed in a living body and which has not yet grown, it is believed
that there are almost no histological structural differences from that of the peripheral normal tissue. Consequently, it is
rare that any noticeable difference appears in the auto-fluorescent intensity distribution on the surface of the living body
tissue. Thus, it is very easy to not notice a cancer when using a conventional method for observing the auto-fluorescent
intensity distribution. However, if use is made of fluorescent probes that combine with multiple substances that exist in
the cancer tissue, the acquisition of information unique to the cancer tissue and the processing of this information into
an image useful for cancer diagnosis, as in the present invention, enables a drastic reduction in the possibility of an
observer not noticing a cancer.
[0024] The fluorescent probes are composed of pigments for absorbing a wavelength of light of 500 nm or longer and
that then generate a fluorescence. Fortunately, the fluorescent probes will never be excited by the excitation light used
for observations of auto-fluorescence. Further, an auto-fluorescent substance within a living body absorbs almost no
light of wavelengths of 500 nm or longer, and thus the fluorescence from auto-fluorescent substances will never become
noise or otherwise become an obstruction of the observation light when utilizing fluorescent probes. The clear separation
of wavelengths between light used to excite fluorescent probes and light used to excite auto-fluorescent substances
enables the fluorescence from fluorescent probes and the fluorescence from auto-fluorescent substances to be detected
with excellent contrast.
[0025] Fig. 3 shows an example of the construction of a light source unit 3. A lamp 20 is a discharge-type xenon lamp.
In order for multiple illumination lights with different wavelength ranges to be selectable, optical filters 22 are arranged
in the turret 21 and in the rotating disc 24 that are positioned in the optical path from the lamp 20 to the light guide
incidence end 26 of the endoscope.
[0026] Referring to Figs. 4A and 4B, in the turret 21, at least five filter holders 21b are established so as to be concentric
to the substrate center of the turret 21, and one or multiple optical filters 22 are housed in each of the filter holders 21b.
The filter holders 21b may be arranged in the turret 21 as shown in Figs. 4A and 4B, with Fig. 4A being an axial view of
the turret 21 and Fig. 4B being a side view of the turret 21. By rotating the turret 21 about its center, the optical filters
22 housed in the filter holders 21b may be selectively inserted into the optical path.
[0027] Referring to Fig. 4C, in the rotating disc 24, windows 24b are established so as to be concentric relative to the
substrate center at spaced intervals, and the optical filters 22 are adhered and fixed to the windows 24b. The windows
24b are established at outer and inner regions of the disc substrate. Fig. 4C is an axial view of the rotating disc 24 and
shows the construction of the windows 24b arranged in the rotating disc 24. The rotating disc 24 rotates at a constant
speed about its center. Further, the rotating disc 24 can be moved orthogonally relative to the optical axis of the collector
optical system 23 by a rotating disc movement mechanism (not shown).
[0028] The movement of the rotating disc 24 to an appropriate position enables the selective production of the following
three illumination states:

illumination state 1 - a state wherein a series of optical filters 22 that are arranged in an outer region of the rotating
disc 24 are sequentially inserted into the optical path and illumination is repeatedly performed;
illumination state 2 - a state wherein another series of optical filters 22 arranged in an inner region of the rotating
disc 24 are sequentially inserted into the optical path and illumination is repeatedly performed; and
illumination state 3 - a state wherein the rotating disc 24 is moved out of the optical path and illumination is performed.

[0029] Therefore, the combination of the arrangement of the optical filters in the rotating disc 24 and in the turret 21
and the positioning of these components in the optical path enables the selection of multiple different illumination states.
[0030] Figs. 5A - 5F show examples of the spectral transmittance of various optical filters 22 that may be arranged in
the windows of the turret 21 and of the rotating disc 24. In Figs. 5A - 5F, % transmittance is plotted on the vertical axis
(i.e., the ordinate) and wavelength, in nm, is plotted on the horizontal axis (i.e. the abscissa). Figs. 5A - 5C show the
spectral transmittance of the optical filters 22 arranged in the inner region of the rotating disc 24. Fig. 5D shows the
spectral transmittance of each of the optical filters 22 arranged in windows of the turret 21; and Figs. 5E and 5F show
the spectral transmittance of respective optical filters 22 that may be arranged in windows in the outer region of the
rotating disc 24. Further, of the respective spectral transmittances of the optical filters 22 shown in Figs. 5A - 5F, the
wavelength ranges where the % transmittance T is 50 % or greater are as shown in Table 2. The % transmittance T is
given by the following equation: 
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where

IL1 is a total amount of light incident on the filter 22 at a wavelength λ, and
IL2 is a total amount of light that transmits through the filter at the wavelength λ.

[0031] When fluorescent observation of living body tissue is performed, the turret 21 rotates and optical filters having
a spectral transmittance as shown in Fig. 5D are inserted in the optical path. Further, the rotating disc 24 moves in a
plane that is generally normal to the optical axis so that optical filters in the outer region of the rotating disc 24 are inserted
in the optical path. The rotating disc 24 rotates at a constant speed, and the optical filters with the spectral transmittances
as shown in Figs. 5E and 5F are sequentially inserted into the optical path. As a result, narrow-band wavelength region
A (see Fig. 6) having a wavelength shorter than 500 nm that excites the auto-fluorescent substances and a narrow-band
wavelength region B (see Fig. 6) having a wavelength longer than 500 nm that excites the fluorescent probes are
repeatedly irradiated onto the living body tissue via the illumination unit 2 for a given length of time. The optical filters
arranged in the inner region of the rotating disc 24 are used when R, G and B lights for normal color image observation
are generated. Consequently, the light source unit 3 can select two modes, an excitation light generation mode for
fluorescent image observation and an RGB light generation mode for normal color image observation.
[0032] The transmittance wavelength range of the optical filters for fluorescent image observation is extremely narrow
compared to that for normal color image observation, and is established at 30 nm or less. Consequently, the brightness
of the excitation lights on the surface of the living body tissue becomes darker than an illumination light for normal color
image observation. In order to improve the brightness of the excitation lights, it is preferable that the lighting current of
the lamp 20 be increased compared to that used for the illumination during normal color image observation. Thus, the
intensity of light emitted from the lamp 20 is increased.
[0033] Fig. 6 is a conceptual illustration that shows the relationship between the wavelength range of excitation lights
generated by the light source unit 3 and the wavelength range of fluorescence detected by the imaging unit 1. The
vertical axis indicates the intensities of the excitation lights and the fluorescent lights in arbitrary units, and the horizontal
axis indicates the wavelength, in nm. In actuality, the average intensity of the excitation lights is approximately 100 to
500 times the intensity of the peak fluorescent intensity. However, in order to show the relationship between the excitation
lights and the fluorescent lights, the display scale of the excitation light intensity has been normalized to 1 and they are
shown together in one figure. In the below-mentioned embodiments, when the relationship between the excitation light
and the fluorescent light is shown, a similar conceptual illustration will be shown and described.
[0034] Referring to Fig. 6, the irradiation using the narrow-band wavelength region A for exciting the auto-fluorescent
substances in a living body for a given length of time results in the excitation of collagen or elastin that is naturally
occurring in the sub-mucosal layer of living body tissue and results in the generation of fluorescence in the wavelength
region a1. Simultaneously, the irradiation using the narrow-band wavelength region A results in the excitation of porphyrin,
which is an organic compound that is naturally occurring within the living body, and results in the generation of fluorescence
in the wavelength region a2. Further, the irradiation using the narrow-band wavelength region B for exciting fluorescent
probes that have been previously administered to a patient results in the excitation of the fluorescent probes that have
combined with lesion tissue of the patient and the generation of fluorescence in the wavelength region a3.
[0035] Fig. 7 shows optical characteristics of an excitation light cut-off filter 14 that may be arranged in the imaging
unit 1. In Fig. 7, the solid line indicates the ideal % transmittance property of the excitation light cut-off filter 14 for the
light ray incident on the filter surface at an angle of 0°, for which the left-side vertical scale applies. On the other hand,
the chain line indicates the best optical density property of the excitation light cut-off filter 14 for the light ray incident on
the filter surface at an angle of 0°, which may be realized as an actual filter. The right-side vertical scale applies to the
optical density property. That is, the ideal state is shown by the % transmittance. The actual state is shown by the optical
density. Optical density is defined as set forth in Equation (A) below: 

TABLE 2
Fig Wavelength range, in nm, where transmittance T is 50 % or greater

5A 380 - 485
5B 490 - 570
5C 585 - 660
5D 390 - 690
5E 400 - 430
5F 670 - 690
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where

I is the intensity of light that is incident, and
I’ is the intensity of light that is transmitted.

The horizontal axis in Fig. 7 represents the wavelength, in nm.
[0036] The excitation light cut-off filter 14 is arranged for preventing the narrow-band wavelength region A that is used
for exciting the auto-fluorescent substances and the narrow-band wavelength region B that is used for exciting the
fluorescent probes from reaching the surface of the photo detector 12. Thus, the excitation light cut-off filter 14 prevents
the reduction of contrast in the fluorescent image that would otherwise occur if the excitation light cut-off filter 14 were
not present. Consequently, in the wavelength ranges of the narrow-band wavelength regions A and B, the excitation
light cut-off filter 14 is determined to have an optical density such that the sum of the optical density ODF of the excitation
light cut-off filter 14 that is arranged in the optical path of the imaging unit 1 and the optical density ODE of the etalon
13 is 4 or greater, thereby enabling the average intensity of the excitation lights on the photo detector 12 to be 1/20 or
less than that of the peak intensity of the fluorescence, thereby providing a fluorescent image having excellent contrast.
[0037] The etalon 13 has a first wavelength transmission range in which, even if the air gap spacing is changed, the
average % transmittance is maintained at 50% or greater for incident wavelengths less than 600 nm, and a second
wavelength transmission range in which, for incident wavelengths of 600 nm or longer, the peak transmittance wavelength
increases when the air gap spacing increases to thereby scan the peak transmittance wavelength of the etalon. The
term "average % transmittance" is herein defined as the numerical average of the % transmittance as measured over
a specified wavelength range. Figs. 8A and 8B illustrate the average % transmittance (as measured on the vertical axis)
versus the wavelength, in nm (as measured on the horizontal axis), of an etalon 13 that includes an air gap spacing,
with Fig. 8A showing the average % transmittance of each of the two surfaces of the etalon 13, which is opposite to
each other with an air gap spacing there between, and Fig. 8B showing the average % transmittance of the etalon 13
wherein the peak transmittance wavelength changes with air gap spacing.
[0038] As can be seen from Fig. 8A, the average % transmittance of each of the two surfaces of the etalon 13 is
established at a value less than 50% in the wavelength range longer than 600 nm (i.e., λ > 600 nm), and at a value of
50% or more in the wavelength range of 600 nm or shorter (i.e., λ ≤ 600 nm). As can be seen from Fig. 8B, even though
the air gap spacing has been changed, the average % transmittance of the etalon remains at a value of 50% or greater
for wavelengths 600 nm or shorter, but the peak transmittance wavelength changes with air gap spacing for wavelengths
longer than 600 nm. As a result, the etalon 13 can be constructed to stably transmit light in a first wavelength transmission
range (λ ≤ 600 nm) regardless of the air gap spacing; and, at the same time, to enable the scanning of the transmittance
peak wavelength utilizing an interference effect in a second wavelength transmission range (λ > 600 nm).
[0039] A basic operation of the fluorescent endoscope device in the case of executing a process to acquire an auto-
fluorescent image of a lesion tissue, and another process to acquire a fluorescent image generated by fluorescent probes
combining with a substance which distinguishes the lesion tissue will now be described with reference to Figs. 9A - 9F.
Fig. 9A is a conceptual illustration used in explaining the relationship between the wavelength range of excitation lights
generated by the light source unit 3 and the wavelength range of fluorescence detected by the imaging unit 1, and is
similar to Fig. 6. As before, the vertical axis indicates the intensity of excitation lights and fluorescence in arbitrary units,
and the horizontal axis indicates the wavelength in nm. Figs. 9B and 9C show the spectral transmittance of the etalon,
with the vertical axis in each figure indicating the % transmittance and the horizontal axis indicating the wavelength, in
nm. Figs. 9D - 9F show the intensity of light that is sequentially received by the photo detector that acquires an image
due to the light transmitted by the etalon, and the timing of the irradiations onto the etalon, when the etalon has the
transmission characteristic shown in the figure to the left. Thus, Fig. 9C is illustrated twice. The vertical axis in each of
Figs. 9D - 9F indicates the light intensity, in arbitrary units, and the horizontal axis indicates the wavelength, in nm.
[0040] Referring to Fig. 9A, a case is illustrated wherein the irradiation, for a given length of time, of the narrow-band
wavelength region A for exciting auto-fluorescent substances that are naturally occurring in a living body results in the
generation of fluorescence in the wavelength region a1 from collagen or elastin and the generation of fluorescence in
the wavelength region a2 from porphyrin, and another case is illustrated wherein the irradiation, for a given length of
time, of the narrow-band wavelength region B for exciting fluorescent probes that have been administered to the living
body results in the generation of fluorescence in the wavelength region a3 from the fluorescent probes that have combined
with lesion tissue.
[0041] While the light source unit 3 in the fluorescent endoscope device generates the narrow-band wavelength region
A, the etalon 13 is adjusted to be in one of two states according to control signals transmitted from the control unit 4 in
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the fluorescent endoscope device, as follows:

state 1 - a state transmissive to the wavelength ranges as illustrated in Fig. 9B and, since fluorescent light in the
wavelength ranges a1 and a2 is generated by the excitation light in the narrow-band wavelength region A, fluores-
cence in both wavelength ranges a1 and a2 is received by the photo detector, as indicated in Fig. 9D;
state 2 - a state transmissive to the wavelength ranges as illustrated in Fig. 9C, which includes the wavelength
ranges a1 and a3, but no light in the wavelength range a3 is generated by the excitation light in the narrow-band
wavelength region A. Therefore, fluorescence only in the wavelength region a1 is received by the photo detector,
as illustrated in Fig. 9E.

[0042] Thus, while the etalon 13 is set to state 1, fluorescence in the wavelength regions a1 and a2 (as illustrated in
Fig. 9D) is received by the photo detector 12. When the etalon 13 is set so as to be in state 2, only fluorescence in the
wavelength region a1 is received by the photo detector 12, as illustrated in Fig. 9E.
[0043] While the light source unit 3 in the fluorescent endoscope device generates the narrow-band wavelength region
B, the etalon 13 is set by control signals transmitted from the control unit 4 so as to be in the following state:

state 2 - a state transmissive to the wavelength ranges as illustrated in Fig. 9C, which includes the fluorescent
wavelength ranges a1 and a3, but no light in the wavelength range a1 is generated by the excitation light in the
narrow-band wavelength region B, so only the fluorescent wavelength region a3 is received by the photo detector
12, as illustrated in Fig. 9F.

[0044] Thus, state 2 of the etalon is transmissive to light in the wavelength regions a1 and a3, and there are three
different illumination periods A1, A2, and B1 which correspond to incident light being received by the photo detector 12
having wavelengths as illustrated in Figs. 9D, 9E and 9F, respectively. These three illumination periods result from the
light source unit 3 successively generating light in narrow-band wavelength regions A and B in the two etalon states
being controlled.
[0045] Fig. 10 is a timing chart that shows the timing of the illumination periods, the etalon states, and the obtaining
of image signals by the imaging unit 1. During illumination period A1 when the illumination unit 2 in the fluorescent
endoscope device irradiates the narrow-band wavelength region A, the etalon 13 is set to be in state 1. As a result, the
imaging unit 1 in the fluorescent endoscope device acquires image signals D1 containing fluorescent components in
the wavelength regions a1 and a2. The image signals D1 are then read out during the next period S 1 when the excitation
light is shielded, and are stored in a memory circuit 5a in the image processing unit 5 of the fluorescent endoscope
device. Further, during a second illumination period A2 when the illumination unit 2 irradiates the narrow-band wavelength
region A, the etalon 13 is set to be in state 2. As a result, the imaging unit 1 acquires image signals D2 containing
fluorescent components in the wavelength region a1. The image signals D2 are then read out during the next period S2
when the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5. Further,
during a third illumination period B1 when the illumination unit 2 irradiates the narrow-band wavelength region B, the
etalon 13 is set so as to be in state 2. As a result, the imaging unit 1 acquires image signals D3 containing fluorescent
components in the wavelength region a3. The image signals D3 are then read out during the next period S3 when the
excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0046] Considering the three illumination states as one cycle, excitation lights in the narrow-band wavelength region
A and in the narrow-band wavelength region B are repeatedly illuminated onto a tissue surface of a living organism, and
image processing is performed based on three types of image signals acquired during one cycle. First, an operating
circuit 5b in the image processing unit 5 carries out an operation using (from among the three types of image signals)
the image signals D1 and the image signals D2 that are stored while excitation light in the narrow-band wavelength
region A illuminates the tissue. Figs. 11A - 11C are conceptual illustrations that will be used in describing the operation
using the image signals D 1 and the image signals D2, with the vertical axis indicating the signal intensity and the
horizontal axis indicating the wavelength. The image signals D1 have fluorescent components in the wavelength regions
a1 and a2 as shown in Fig. 11A, and the image signals D2 have fluorescent components in the wavelength region a1
as shown in Fig. 11B. By subtracting the image signals D2 from the image signals D1, new image signals E1 are
generated having fluorescent components only in the wavelength region a2, as shown in Fig. 11C.
[0047] Next, color signals for color display on the screen of the TV monitor 7 are allocated to the three image signals,
namely, image signals D2, image signals E1 and image signals D3. For example, when the three color signals, R, G
and B, are allocated as in Table 3 below, a fluorescent image on the screen of the TV monitor 7 is color-coded according
to the state of the living tissue as in Table 4 below, and is then displayed.
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[0048] The auto-fluorescence of collagen or elastin (hereinafter referred to as fluorescence F01) existing in the sub-
mucosal layer of the living organism tissue is emitted from the mucosal surface through the mucosal layer. Similarly,
the auto-fluorescence of porphyrin (hereinafter referred to as fluorescence F02), which is an organic compound that is
naturally occurring within living organisms, is also emitted from the mucosal surface via the mucosal layer. However,
when a superficial portion of the mucous membrane is inflamed, the blood flow in the superficial portion of the mucous
membrane increases, the intensity of fluorescence F01 and the intensity of fluorescence F02 are attenuated, and thus
the fluorescent intensity that is emitted from the mucosal surface is weakened. Consequently, the intensities of the
fluorescence F01 and of the fluorescence F02 that are observed from the inflamed tissue become weaker compared to
that of the fluorescence F01 and the fluorescence F02 observed from the surrounding normal tissue.
[0049] Similarly, if a tumor has developed in the mucosal tissue, the nuclei of the cells of the tumor tissue grows and/or
the blood flow around the nucleus increases, resulting in blockage of the fluorescence F01 and of the fluorescence F02,
and thus the intensity of the fluorescence emitted from the mucosal surface is weakened. However, porphyrin tends to
greatly accumulate in the tumor, so the fluorescence F02 emitted toward the mucosal surface from tumor tissue results
in supplementing the intensity of the fluorescence F02 that has been blocked by the tumor tissue. Consequently, the
intensity of the fluorescence F01 observed from the tumor tissue becomes weaker as compared to that of the fluorescence
F01 observed from the surrounding normal tissue. However, the intensity of the fluorescence F02 observed from the
tumor tissue remains the same or becomes stronger as compared to that of the fluorescence F02 observed from the
surrounding normal tissue.
[0050] Further, fluorescent probes generate fluorescence by combining with a substance that originates in tumor
tissue, so fluorescence from a probe will be observed only from tumor tissue. By allocation of color signals to the three
types of image signals (i.e., the image signals D2, the image signals E1 and the image signals D3), it is possible to
display normal tissue in yellow, inflamed tissue of the superficial portion of the mucous membrane in gray, and tumor
tissue in magenta.
[0051] In order to diagnose with high accuracy using an endoscopic observation device a lesion that exhibits only
minor structural changes in a living tissue (such as a lesion in an early stage of cancer), it is desirable that the observed
image on a display screen be color-coded. This, for example, enables one to clearly distinguish between the lesion
portion and other regions. As mentioned above, the construction of the displayed image by utilizing the three types of
image signals having individual information regarding the lesion tissue enables a clear distinction to be made between
the lesion portion and other regions. In particular, at a site where it previously has been difficult to distinguish a lesion
tissue using a conventional observation method, inflammation in normal tissue can now be displayed with a different
color from that of lesion tissue, thereby enabling the lesion tissue to be easily identified and enabling the diagnosis
accuracy to be drastically improved.
[0052] Further, the individual fluorescent image contains inherent information regarding the lesion tissue, so if an
individual fluorescent image can be displayed in addition to displaying a quasi-color-coded image, diagnosis of the lesion
tissue becomes easier.
[0053] Several embodiments of the invention will now be described in detail.

Embodiment 1

[0054] The construction of a fluorescent endoscope device according to Embodiment 1 of the invention will now be
explained with reference to Fig. 12. Imaging unit 1 and illumination unit 2 are arranged at the insertion end 101 of the
endoscope. The illumination unit 2 connects to the light source unit 3 by an optical transmission means, such as a light
guide 31, and irradiates light supplied by the light source unit 3 onto the surface of living organism tissue via a lens
having a diffusion effect. The light source unit 3 has a similar construction to that explained using Fig. 3, so further
description thereof will be omitted. The imaging unit 1 is equipped with an objective optical system 33, an image pickup

TABLE 3
Image signal: D2 E1 D3
Color signal: R G B

TABLE 4
Displayed Color R signal intensity G signal intensity B signal intensity

Normal tissue Yellow Strong Strong Weak
Inflamed tissue Gray Weak Weak Weak
Tumor tissue Magenta Weak Strong Strong
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device 36, an excitation light cut-off filter 34, and a variable transmittance optical element that can be controlled so as
to change the wavelength range of light that it transmits. The variable transmittance optical element may be located
between the object-side surface of the objective optical system 33 and the image plane of the image pickup device 36.
[0055] The variable transmittance optical element may be, for example, an etalon or a liquid crystal tunable filter. The
peak transmittance wavelength of an etalon may be changed, for example, by adjusting an air gap spacing between
two highly reflective surfaces. The peak transmission wavelength of a liquid crystal tunable filter may be changed by
electrically adjusting the crystal array of the liquid crystal tunable filter. As shown in Fig. 12, the imaging unit 1 of
Embodiment 1 is equipped with an etalon 35 having a first wavelength transmission range for wavelengths less than
600 nm (see Fig. 8B) wherein, even if the air gap spacing is changed, the transmittance is 50% or greater, and a second
wavelength transmission range for wavelengths of 600 nm or greater (see Fig. 8B) wherein, when the air gap spacing
is increased, the wavelength region transmitted by the etalon changes to longer wavelengths. The etalon connects to
a drive circuit 37 in the operating section 102 of the endoscope. The drive circuit 37 is connected to the control unit 4
via the connector 38, and receives synchronous signals from the control unit 4 that control the operation of the etalon.
The drive circuit 37 also is connected to the image pickup device 36 and a switch 39 in the operating section 102, and
transmits signals between the control unit 4 and the image pickup device 36 and/or the switch 39 in operating section 102.
[0056] The control unit 4 controls the timing of: (1) the light source unit 3 that creates an excitation light and supplies
the excitation light to the illumination unit 2; (2) the imaging unit 1 that forms and acquires a fluorescent image using
light emitted from the surface of the living organism tissue; and (3) the etalon 35 that changes the air gap spacing. The
image signals acquired by the imaging unit 1 are processed by an image processing unit 5. The image processing unit
5 is equipped with a memory circuit 5a that temporarily stores image signal data, and a operating circuit 5b that performs
operations required for image processing based on the data stored in the memory circuit 5a. Further, an external recording
device 6, such as a DVD or HDD, connects to the image processing unit 5, and is designed so that image signal data
acquired by the imaging unit 1 and image data processed by the image processing unit 5 can be recorded and saved.
The image signal data recorded in the external recording device 6 is appropriately reproducible, and new image processing
can be performed by taking the image signal data into the image processing unit 5. Fluorescent images processed by
the image processing unit 5 are displayed on the TV monitor 7.
[0057] Further, the fluorescent endoscope device of the present embodiment is constructed so that excitation lights
can be supplied to living organism tissue from another light source unit 8 that is equipped with multiple semiconductor
elements that emit coherent lights having different wavelengths via a light guide 81. The light source unit 8 is equipped
with semiconductor elements 82, 82, and optical systems 83, 83 that direct the coherent light emitted from the semicon-
ductor elements 82, 82 onto the incident end face of the light guide 81. An optical element 84 (such as a beam splitter)
is positioned between the semiconductor elements 82, 82 and the incident-end surface of the light guide 81 and functions
to direct the light from the semiconductor elements 82, 82 into the light guide 81. A drive circuit 85 controls the energizing
/ de-energizing of the semiconductor elements 82, 82 so as to control their emission states. The drive circuit 85 is
connected to the control unit 4, and receives synchronous signals that are transmitted from the control unit 4. The
emission state of the semiconductor elements 82, 82 is switched by the synchronous signals transmitted from the control
unit 4. Coherent light emitted from the semiconductor elements 82, 82 is irradiated onto living organism tissue by the
light guide 81 being introduced into the insertion end of the endoscope via the treatment tool insertion channel of the
endoscope. Furthermore, it is also possible to arrange an optical element to diffuse light on the emission end face of
the light guide 81. Also, it is possible to control the duration of supplying excitation lights to the light guide 81 by periodically
shielding the coherent light emitted from the semiconductor elements 82, 82 while the emission state of these elements
is kept constant.
[0058] As shown in Fig. 13, light choppers 86, 86 are arranged to periodically block light emitted by the semiconductor
elements 82, 82. The light choppers 86, 86 are equipped with a sensor to detect a state in which the luminous flux has
begun to be blocked and to detect a state when the luminous flux has begun to pass unimpeded, and these states are
then transmitted to the control unit 4 via the drive circuit 85 and utilized to synchronize the timing for reading out image
signals from the imaging unit 1 with the time periods that the light from the semiconductor elements is periodically blocked.
[0059] The basic operation of the fluorescent endoscope device of the present embodiment will now be described
with reference to Figs. 14A - 14H. Fig. 14A is a conceptual illustration showing the excitation lights used and fluorescent
lights that are detected by the fluorescent endoscope device. The vertical axis indicates the light intensity, in arbitrary
units, of the excitation lights and of the fluorescent lights. The horizontal axis indicates the wavelength, in nm. Figs. 14B,
14C and 14D show the spectral transmittance of the etalon in three different states. The vertical axis indicates the
average % transmittance and the horizontal axis indicates the wavelength, in nm. Figs. 14E, 14F and 14G show the
intensity of light received by the image pickup device for the three different states corresponding to the timing of the
irradiations onto the etalon and the etalon states shown in Figs. 14B, 14C and 14D, respectively. Once again, the vertical
axis indicates the light intensity, in arbitrary units, and the horizontal axis indicates the wavelength, in nm. Fig. 14H
shows the spectral transmittance of the excitation light cut-off filter according to Embodiment 1. In Fig. 14H, the solid
line indicates the ideal % transmittance property of the excitation light cut-off filter 14, for which the left-side vertical scale
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applies. On the other hand, the chain line indicates the best optical density property of the excitation light cut-off filter
14 which may be realized as an actual filter. The right-side vertical scale applies to the optical density property. That is,
the ideal state is shown by the % transmittance. The actual state is shown by the optical density.
[0060] As shown in Fig. 14A, in the fluorescent endoscope device of this embodiment, two different excitation lights
are irradiated onto a living tissue, and three types of fluorescent images having different peak wavelengths can be
obtained. More specifically, coherent light in narrow-band wavelength region A having an intensity distribution with a
peak intensity at 405 nm excites collagen or elastin and creates auto-fluorescence in the wavelength region a1. Simul-
taneously, it excites porphyrin and creates auto-fluorescence in the wavelength region a2. The wavelength region a1 is
in the range of 420 nm - 580 nm, and the wavelength region a2 is in the range of 610 nm - 640 nm. Further, coherent
light in narrow-band wavelength region B having an intensity distribution with a peak intensity at 660 nm excites the
fluorescent probes (that have been previously administered from outside the body and have combined with lesion tissue)
and creates fluorescence in the wavelength region a3. The wavelength region a3 is in the range of 710 nm - 740 nm.
The excitation light cut-off filter 34 is arranged in the imaging unit and is characterized by having a % transmission of
70% or greater in the 420 nm - 640 nm wavelength range and in the 710 nm - 740 nm wavelength range (see the left
scale of Fig. 14H). As shown in Fig. 14H, the optical density (as measured using the right scale) is 4 or greater in the
wavelength ranges of 400 nm - 430 nm and 650 nm - 670 nm, respectively, so that the excitation light cut-off filter 34
sufficiently shields the coherent light in narrow-band wavelength region A and the coherent light in narrow-band wave-
length region B.
[0061] Fig. 15 is a timing chart that shows the relationships of the illumination states, the etalon states, and the
fluorescent image signals obtained by the imaging unit 1 for Embodiment 1, as will be discussed in detail later. Although
there is no rotating disc used in this embodiment, one cycle in Fig. 15 corresponds to one cycle in Fig. 12, during which
the rotating disc turns once around the rotating axis thereof.
[0062] If there is an instruction from an operator of the endoscope by the action of depressing the switch 39 to begin
acquiring a fluorescent image, the control unit 4 transmits a synchronous signal to the light source unit 3, the imaging
unit 1 and the drive circuit 37 of the etalon. The etalon may be set to at least three different transmission states by
changing the air gap spacing using control signals from the drive circuit 37. In a period when the light source unit 8
produces coherent light in the narrow-band wavelength region A, the etalon is successively set to the following states:

state 1 - a state wherein, of the fluorescent lights a1, a2, and a3 shown in Fig. 14A, only light in the wavelength
region a1 is transmitted, as illustrated in Fig. 14B; and
state 2 - a state wherein, of the fluorescent lights a1, a2, and a3 shown in Fig. 14A, only light in the wavelength
regions a1 and a2 is transmitted, as illustrated in Fig. 14C.

[0063] In state 1, the air gap spacing of the etalon is the longest of the three states. At this time, in the second
wavelength transmission band of the etalon, the full width of the intensity profile as measured between the half-maximum
intensity points is 60 nm or less and the peak transmission wavelength is on the long-wavelength side of 740 nm. In
state 2, the air gap spacing of the etalon is the shortest of the three states. At this time, in the second wavelength
transmission band of the etalon, the full width of the intensity profile as measured between the half-maximum intensity
points is 60 nm or less and the transmission peak is in the wavelength range of 610 - 640 nm. When the etalon is set
to be in state 1, only light in the wavelength region a1 is received by the image pickup device 36 (Fig. 14E). When the
etalon is set to be in state 2, fluorescence in the wavelength regions a1 and a2 is received by the image pickup device
36 (Fig. 14F).
[0064] On the other hand, the etalon is set to the following state in a period when coherent light in the narrow-band
wavelength region B is produced by the light source unit 8:

state 3 - a state wherein, of the fluorescent lights a1, a2 and a3 shown in Fig. 14A, only light in the wavelength
regions a1 and a3 is transmitted (Fig. 14D).

[0065] The air gap spacing of the etalon in state 3 is set to be bigger than in state 2 and smaller than in state 1. At
this time, in the second wavelength transmission band of the etalon, the transmission peak is in the wavelength range
of 710 - 740 nm, and the full width of the intensity profile as measured between the half-maximum intensity points is 60
nm or less. When the etalon is set to be in state 3, a fluorescence in the wavelength region a3 is received by the image
pickup device 36 (Fig. 14G).
[0066] As shown by the timing chart of Fig. 15, during a first illumination period A1, coherent light in the narrow-band
wavelength region A is emitted by the illumination unit 2 and the etalon is set to be in state 1. As a result, the imaging
unit 1 acquires image signals D1 resulting from fluorescent components of the wavelength region a1. The image signals
D1 are then read out during the next period S 1 when the excitation light is shielded and are stored in a memory circuit
5a of the image processing unit 5. During a second illumination period A2 coherent light in the narrow-band wavelength
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region A is emitted by the illumination unit 2 and the etalon is set to be in state 2. As a result, the imaging unit 1 acquires
image signals D2 comprising fluorescent components of the wavelength regions a1 and a2. The image signals D2 are
then read out during the next period S2 when the excitation light is shielded and are stored in the memory circuit 5a of
the image processing unit 5. During a third illumination period B 1 coherent light in the narrow-band wavelength region
B is emitted by the illumination unit 2 and the etalon is set to be in the state 3. As a result, the imaging unit 1 acquires
image signals D3 comprising fluorescent components of the wavelength region a3 while the illumination light in the
narrow-band wavelength region B is shielded from the image pickup device and the image signals D3 are stored in the
memory circuit 5a of the image processing unit 5.
[0067] The two kinds of excitation lights (namely, coherent light in the narrow-band wavelength region A and coherent
light in the narrow-band wavelength region B) are repeatedly irradiated onto a living body tissue surface, with the above
three illumination states A1, A2 and B1 forming one cycle. Fig. 16A shows an auto-fluorescent image using light emitted
by collagen and elastin that has been formed using the image signals D2, Fig. 16B shows an auto-fluorescent image
using light emitted by porphyrin that has been formed using the image signals E1, Fig. 16C shows a fluorescent image
from a fluorescent probe combined with lesion tissue that has been formed using the image signals D3, and Fig. 16D
is a quasi-color-coded image that has been formed using all three image signals D2, E1, and D3. In the quasi-color-
coded image, a normal site, a site wherein the surface layer of a normal tissue undergoes inflammation, and a lesion
site may be distinguished using different colors. The image processing unit 5 can process these four images so that
they can be displayed on a TV monitor 7 with the same image size and side-by-side, or it can process these four images
by changing the display magnification for each image. Thus, a diagnosis can be performed that uses additional information
that previously was not available, and this enables the accuracy of diagnosis to be further improved.
[0068] Although the imaging unit 1 used in the fluorescent endoscope device of Embodiment 1 is comprised of the
objective optical system 33, the image pickup device 36, and the excitation light cut-off filter 34 and the etalon that are
arranged between the object-side surface of the objective optical system 33, other designs are possible. For example,
as shown in Fig. 17, an endoscope may be designed such that an object image is obtained by an objective optical system
50 that is arranged at the tip of the insertion part end 101. The object image can be transmitted to the operating section
102 by an optical image transmitting means, such as an optical cable 51, etc., so as to be acquired by an image pickup
device 55 of an imaging optical system 52 that is arranged in the operating section 102 of the endoscope. An etalon 54
may be arranged between the image pickup device 55 and the imaging optical system 52, and an excitation light cut-
off filter 53 may be arranged between the object-side surface of the objective optical system 50 and the etalon 54.
Moreover, the transmission state of the etalon 54 can be controlled by a drive circuit 56 in the operating section 102 of
the endoscope.
[0069] In such an endoscope, the tip of the insertion part end 101 can be made to have a small diameter; therefore it
is suitable for observing biological tissues of the digestive tract, even of small animals such as mice, without injuring them.
[0070] As shown in Figs. 18 - 20C, the imaging unit 1 can be designed with an alternative construction to that illustrated
for Embodiment 1. Fig. 18 is a diagram showing an alternative construction example of an imaging unit 1 used for the
fluorescent endoscope device in Embodiment 1. Fig. 19 is a diagram showing an arrangement of optical filters OF1,
OF2, and OF3, each of which are arranged in an array, on the optical filter 40, and Figs. 20A - 20C show the %
transmittance of the optical filters OF1, OF2 and OF3, respectively. The optical filters OF1, OF2 and OF3 are arranged
side-by-side in an array for transmitting lights of different wavelength bands so that individual optical filters of the array
may be superimposed on different pixels of the image pickup device 36. Thus, the optical filter array may be used in
lieu of an etalon so that multiple fluorescent images can be individually obtained.
[0071] The following three types of filters having different transmission characteristics are used for the optical filters 40:

(1) an optical filter OF1 having an average % transmittance of at least 50% throughout a wavelength range of 420
nm - 580 nm, and an average % transmittance of 5% or less for other wavelengths in the range of 400 nm - 800 nm
(Fig. 20A);
(2) an optical filter OF2 having an average % transmittance of at least 50% throughout a wavelength range of 610
nm - 640 nm, and an average % transmittance of 5% or less for other wavelengths in the range of 400 nm - 800 nm
(Fig. 20B); and
(3) an optical filter OF3 having an average % transmittance of at least 50% throughout a wavelength range of 710
nm - 740 nm, and an average % transmittance of 5% or less for other wavelengths in the range of 400 nm - 800 nm
(Fig. 20C).

[0072] In the example shown in Fig. 19, optical filters OF1, OF2, OF3 that are arranged in vertical columns are
illustrated. Therefore, if fluorescence is detected for each pixel array on which the optical filters having the same trans-
mission characteristics are superimposed, multiple fluorescent images can be individually obtained in different wave-
length bands. In the case of using such an array of optical filters, a sequential reading of image pickup signals is possible,
and a shielding period for reading the image signals in an illumination period is unnecessary. Therefore, bright images
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can be acquired even from a relatively weak fluorescent substance. Moreover, fluorescent images at different wavelength
bands can be separated. This enables, for example, the coherent light in the narrow-band wavelength region A and the
coherent light in the narrow-band wavelength region B to be irradiated simultaneously, and thus the construction of light
source unit 8 can be simplified. Furthermore, multiple fluorescent images can be individually obtained; therefore com-
putation processing in the image processing unit 5 is not necessary and can be omitted.

Embodiment 2

[0073] The basic construction of a fluorescent endoscope device according to Embodiment 2 of the invention is
illustrated in Fig. 21 and will now be described. In a control unit 4 are provided: a timing control circuit 4a for controlling
the timing of picking up a fluorescent image from the surface of biological tissue by an imaging unit 1 and for controlling
the timing of changing the air gap spacing of an etalon 63 of the imaging unit 1 based on the timing of producing an
excitation light and supplying it to an illumination unit 2 by a light source unit 3; a drive control circuit 4b for controlling
the air gap spacing of the etalon 63; and a memory circuit 4c that holds recorded information necessary for changing
the air gap spacing of the etalon. A memory chip that stores information, such as a production series number of the
imaging unit 1, the type of the etalon, etc., is provided in a connector 65 for connecting the endoscope and the control
unit 4. When the connector 65 is connected to the control unit 4, the stored information of the memory chip is read from
the memory chip in the connector 65 and sent to the control unit 4. The drive control circuit 4b of the control unit 4
automatically sets up an operating environment of the etalon 63 most suited for connecting the imaging unit 1 by using
the read-in information concerning the imaging unit 1 and the information necessary for operational control of the etalon
that is stored in the memory circuit 4c. Image signals obtained by the imaging unit 1 are processed by an image processing
unit 5 and then are displayed on a TV monitor 7. The construction of the image processing unit 5, a recorder 6 and TV
monitor 7 are the same as in Embodiment 1 and will not be further discussed.
[0074] Basic operations of the fluorescent endoscope device according to Embodiment 2 will now be described with
reference to Figs. 22A - 22J and Fig. 23. Fig. 22A is a conceptual illustration that shows the relationship between the
wavelength ranges of excitation lights generated by the light source unit 3 and the wavelength ranges of the fluorescence
detected by the imaging unit 1. The vertical axis indicates the light intensity of the excitation lights and of the fluorescence,
in arbitrary units, and the horizontal axis indicates the wavelength, in nm. Figs. 22B - 22E show the % transmittance
versus incident light wavelength of the etalon 63 in four different states.
[0075] In Figs. 22B - 22E the solid lines indicate the ideal % transmittance property of the etalon 63, for which the left-
side vertical scale applies. On the other hand, the chain line indicates the best optical density property of the etalon 63
which may be realized as an actual etalon, for which the right-side vertical scale applies. That is, the ideal state is shown
by the % transmittance. The actual state is shown by the optical density. The horizontal axis is the wavelength, in nm.
[0076] Figs. 22F - 22I show the intensity of light received by an image pickup device 64 that acquires an image due
to the light transmitted by the etalon 63 when the etalon has the transmission characteristic shown in the graph to the
left of each figure. Thus, Figs. 22F, 22G, 22H, and 22I show the intensity of light received by the image pickup device
64 that acquires an image corresponding to the timing of the irradiations onto the etalon 63 for the etalon states having
transmission characteristics as shown in Figs. 22B, 22C, 22D, and 22E, respectively. The vertical axis indicates the light
intensity, in arbitrary units, and the horizontal axis indicates the wavelength, in nm. Fig. 22J is a graph showing the
transmission characteristics of an excitation light cut-off filter 62 for an incident ray that is parallel to a normal to the
surface of the cut-off filter 62. In Fig. 22J the solid line indicates the ideal % transmittance property of the excitation light
cut-off filter 62, for which the left-side vertical scale applies. On the other hand, the chain line indicates the best optical
density property of the excitation light cut-off filter 62 which may be realized as an actual filter, with optical density being
defined as per Equation (A) above. The right-side vertical scale applies to the optical density property. That is, the ideal
state is shown by the % transmittance. The actual state is shown by the optical density. The horizontal axis is the
wavelength, in nm.
[0077] As shown in Fig. 22A, in the fluorescent endoscope device of this embodiment, two different excitation lights
are irradiated onto a biological tissue and four kinds of fluorescent images having different peak wavelengths can be
obtained. An excitation light in the narrow-band wavelength region A (400 nm - 430 nm) excites collagen and elastin to
generate an auto-fluorescence in a wavelength region a1 and simultaneously excites porphyrin to generate an auto-
fluorescence in a wavelength region a2. The wavelength region a1 is 440 nm - 580 nm, and the wavelength region a2
is 610 nm - 640 nm. An excitation light in the narrow-band wavelength region B (680 nm - 700 nm) excites a fluorescent
probe that has combined with a substance k1 that originates in a lesion tissue so as to generate a fluorescence in a
wavelength region a3 and simultaneously excites a fluorescent probe that has combined with a substance k2 that
originates in a lesion tissue so as to generate a fluorescence in a wavelength region a4. The wavelength region a3 is
710 nm - 740 nm, and the wavelength region a4 is 770 nm - 800 nm. An excitation light cut-off filter 62 is arranged in
the imaging unit 1 and has a % transmittance in the wavelength ranges of 440 nm - 640 nm and 710 nm - 800 nm of
over 70%, and an optical density over the entirety of the narrow-band wavelength regions A and B that exceeds 4 (Fig.
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22J). Thus, the excitation lights in the narrow-band wavelength regions A and B (i.e., in the wavelength ranges of 400
nm - 430 nm and 680 nm - 700 nm, respectively) are fully shielded by the excitation light cut-off filter 62.
[0078] If an instruction for starting the acquirement of a fluorescent image is sent from an operator of the endoscope
to the fluorescent endoscope device, the control unit 4 transmits a signal for switching the light source unit 3 to an
excitation light production mode. If the light source unit 3 receives this signal, the rotary shaft of rotary disc 24 moves
to a predetermined position and rotates (after a short period) at a fixed speed.
[0079] Fig. 23 is a timing chart showing the timing among the illumination periods, the states of the etalon, and
fluorescent image signals obtained by the image pickup device over two cycles of illumination by the rotary disc 24, as
will be discussed in detail later.
[0080] Fig. 24 is an axial view that shows the arrangement of optical filters (a), (b), (c), (e), (e), and (f) in the rotary
disc 24. The optical filters (e), (e) and (f) for observing fluorescent images are repeatedly inserted into a light beam. The
optical filters (e), (e) have a % transmittance that is greater than 50% throughout the wavelength range of 400 nm - 430
nm, and the optical filter (f) has a % transmittance that is greater than 50% throughout the wavelength range of 680 nm
- 700 nm. As a result, three illumination periods, i.e., the first illumination period A1 and the second illumination period
A2 in which the illumination unit irradiates excitation light in the narrow-band wavelength region A (400 nm - 430 nm),
and the third illumination period B1 in which the illumination unit irradiates excitation light in the narrow-band wavelength
region B (680 nm - 700 nm) are repeatedly irradiated for short periods due to there being shielding periods S1, S2, S3,
respectively, between the three illumination periods in each cycle of the rotating disc 24. A sensor unit 25 (see Fig. 3)
for detecting the moment when one optical filter finishes traversing the light beam and the moment that the next optical
filter starts to traverse the light beam is provided in the light source unit 3. Signals detected by the sensor unit 25 are
sent to the control unit 4 and used for synchronizing the timing for reading image signals from the imaging unit 1 and a
timing for changing the air gap spacing of the etalon 63 with a period in which the illumination light is shielded. In this
embodiment, the etalon 63 can be set to at least four different states by changing the air gap spacing using control
signals from the drive circuit 4b. During one period of producing the excitation light in the narrow-band wavelength region
A by the light source unit 3, the etalon 63 is successively set to the following two states:

state 1 - a state wherein light in the wavelength region a1, but substantially no light in the wavelength region a2, is
transmitted (Fig. 22E);
state 2 - a state wherein light in wavelength regions a1 and a2 is transmitted (Fig. 22D).

[0081] In state 1, the air gap spacing of the etalon 63 is set to be the longest of the four states. At that time, in the
second wavelength transmission band of the etalon 63, the full width of the intensity profile as measured between the
half-maximum intensity points is 30 nm or less and the wavelength transmission peak of the etalon is on the long-
wavelength side of 800 nm. In state 2, the air gap spacing of the etalon 63 is set so as to be the shortest of the four
different states. At that time, in the second wavelength transmission band of the etalon 63, the full width of the intensity
profile as measured between the half-maximum intensity points is 30 nm or less and the transmission peak is in the
wavelength range of 610 nm - 640 nm. When the etalon 63 is set to be in state 1, only a fluorescence of wavelength
region a1 is received by the image pickup device 64 (Fig. 22I). When the etalon 63 is set so as to be in state 2, fluorescence
in the wavelength regions a1 and a2 is received by the image pickup device 64 (Fig. 22H).
[0082] On the other hand, in a period of producing excitation light in the narrow-band wavelength region B by the light
source unit 3, the etalon 63 is set to the following two states:

state 3 - a state wherein light in the wavelength regions a1 and a3 is transmitted (Fig. 22C);
state 4 - a state wherein light in the wavelength regions a1 and a4 is transmitted (Fig. 22B).

[0083] In state 3 and state 4, the air gap spacings of the etalon 63 are set to be greater than in state 2 and smaller
than in state 1. However, the air gap spacing of the etalon in state 3 is smaller than the air gap spacing of the etalon in
state 4. When the etalon 63 is set to state 3, in the second wavelength transmission band of the etalon 63, the full width
of the intensity profile as measured between the half-maximum intensity points is 30 nm or less and the transmission
peak is in a wavelength range of 710 nm - 740 nm. At this time, a fluorescence of wavelength region a3 is received by
the image pickup device 64 (Fig. 22G). When the etalon 63 is set to state 4, in the second wavelength transmission
band of the etalon 63 the full width of the intensity profile as measured between the half-maximum intensity points is 30
nm or less and the transmission peak is in a wavelength range of 770 nm - 800 nm. At this time, a fluorescence of
wavelength region a4 is received by the image pickup device 64 (Fig. 22F).
[0084] As shown in the timing chart of Fig. 23, if one cycle is taken as from the commencement of the first illumination
period A1 (in which the illumination unit 2 irradiates excitation light in the narrow-band wavelength region A) to the end
of the third illumination period B1 in which the illumination unit 2 irradiates excitation light in the narrow-band wavelength
region B, image data necessary for image processing for the fluorescent endoscope device of this embodiment must
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be obtained over two consecutive cycles. In a first cycle during a first illumination period A1, the illumination unit 2
irradiates excitation light in the narrow-band wavelength region A. With the etalon 63 set so as to be in state 1, the
imaging unit 1 acquires image signals D1 composed of fluorescent light in the wavelength region a1. The image signals
D1 are then read out during the next period S 1 in which the excitation light is shielded and are stored in the memory
circuit 5a of the image processing unit 5. The etalon 63 is then adjusted so as to be in state 2. During a second illumination
period A2 , the illumination unit 2 irradiates excitation light in the narrow-band wavelength region A. As a result, the
imaging unit 1 acquires image signals D2 comprising fluorescent components of the wavelength regions a1 and a2. The
image signals D2 are then read out during the next period S2 in which the excitation light is shielded and are stored in
the memory circuit 5a of the image processing unit 5. During a third illumination period B1, the illuminating unit 2 irradiates
excitation light in the narrow-band wavelength region B and the etalon 63 is adjusted so as to be in state 3. As a result,
the imaging unit 1 acquires image signals D3 of fluorescent light in the wavelength region a3 while the etalon 63 is in
state 3. The image signals D3 are then read out during the next period S3 in which the excitation light is shielded and
are stored in the memory circuit 5a of the image processing unit 5.
[0085] In the next cycle, the etalon 63 is set to state 1 in the first illumination period A1 during which the illumination
unit 2 irradiates excitation light in the narrow-band wavelength region A once again. As a result, the imaging unit 1
acquires image signals D4 of fluorescent light in the wavelength region a1. The image signals D4 are then read out
during the next period S1 in which the excitation light is shielded and are stored in the memory circuit 5a of the image
processing unit 5. The etalon 63 is then set to be in state 2 in the second illumination period A2 during which the
illumination unit 2 irradiates excitation light in the narrow-band wavelength region A. As a result, the imaging unit 1
acquires image signals D5 comprising fluorescent components of the wavelength regions a1 and a2. The image signals
D5 are then read out during the next period S2 in which the excitation light is shielded and are stored in the memory
circuit 5a of the image processing unit 5. The etalon 63 is then set to be in state 4 in the illumination period B1 in which
the illumination unit 2 irradiates excitation light in the narrow-band wavelength region B. As a result, the imaging unit 1
acquires image signals D6 comprising fluorescent components of the wavelength region a4. The image signals D6 are
then read out during the next period S3 in which the excitation light is shielded and are stored in the memory circuit 5a
of the image processing unit 5.
[0086] Image processing is performed based on image signals acquired during the above-discussed two cycles, which
are repeated. The procedure of image processing by the image processing unit 5 is the same as previously discussed
and therefore, further discussion will be omitted.
[0087] Figs. 25A - 25C are schematic diagrams that illustrate the kinds of fluorescent images that can be displayed
on the TV monitor 7 using the fluorescent endoscope device of Embodiment 2. Fig. 25A is a quasi-color-coded image
prepared based on the three kinds of image signals acquired in the above-mentioned first cycle. In the quasi-color-coded
image, a normal site, a site where the surface layer of a normal tissue undergoes an inflammation, and a pathological
site are displayed in separate, different colors. Fig. 25B is a quasi-color-coded image that has been prepared based on
the three kinds of image signals acquired in the above-mentioned second cycle. Fig. 25C is a composite display of the
image shown in Fig. 25A superimposed over the image shown in Fig. 25B, wherein the overlapped areas of the lesion
site in Fig. 25A and Fig. 25B are emphatically displayed. For example, Fig. 25A may be an image which includes
information relating to a substance k1 that originates in pathologically changing tissue, and Fig. 25B may be an image
which includes information relating to a separate substance k2 that originates in pathologically changing tissue. Therefore,
as shown in Fig. 25C, an image can be provided by synthesizing the information in Figs. 25A and 25B so as to create
a display in which the amount of information relating to the pathologically changing tissue is increased (as in Fig. 25C)
and which therefore has a higher degree of reliability in terms of specifying a pathologically changing tissue.
[0088] In this manner, by using multiple fluorescent probes that selectively attach to and combine with different target
substances that originate in pathologically changing tissue (for example, substances involved when there is malignancy
in the pathologically changing tissue, or where the substance is involved at a time when the pathologically changing
tissue is actively propagating) and by synthesizing a composite image from the various probes, the precision of diagnosis
of pathologically changing tissue can be greatly enhanced, thereby enabling a high degree of precision in a diagnosis
even though there may be only a small amount of histological change in terms of the composition of the living tissue,
as occurs in the early stages of cancer and the like.
[0089] In the present embodiment (as in the embodiment shown in Figs. 19 - 20C), in lieu of using an etalon, multiple
optical filters may be positioned in an array immediately prior to the image-receiving surface of the image pickup device.
If the multiple optical filters transmit light having respective, different peak wavelengths, multiple fluorescent images can
be acquired simultaneously.
[0090] For example, four types of optical filters of different peak transmittances may be used, as follows:

(1) an optical filter (OF1) in which the % transmittance is 50% or greater for a wavelength range of 420 nm - 580
nm, and the % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm;
(2) an optical filter (OF2) in which the % transmittance is 50% or greater for a wavelength range of 610 nm - 640
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nm, and the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm;
(3) an optical filter (OF3) in which the % transmittance is 50% or greater for a wavelength range of 710 nm - 740
nm, and the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm; and
(4) an optical filter (OF4) in which the % transmittance is 50% or greater for a wavelength range of 770 nm - 800
nm, and the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm.

[0091] In this embodiment, four kinds of optical filters OF1, OF2, OF3 and OF4 are arranged on every four vertical
pixel arrays of the image pickup device 64 and fluorescence is detected for each pixel array on which the optical filters
having the same transmission characteristics are superimposed. Therefore, multiple fluorescent images can be individ-
ually acquired. With such a composition, it is possible to successively read out image signals, and there is no need to
provide light shielding periods in order to read out image signals. This enables the illumination period to be made relatively
long and thereby enables high quality image signals to be obtained even when the fluorescent lights are weak. In addition,
since the fluorescent lights having different peak wavelengths can be separated, the excitation light in the narrow-band
wavelength region A and the excitation light in the narrow-band wavelength region B can be simultaneously illuminated,
making it possible to simplify the structure of the light source units. In addition, since multiple fluorescent images can
be individually acquired, computation processing can be eliminated from the image processing unit 5.

Embodiment 3

[0092] The imaging unit 1, illumination unit 2 and light source unit 3 of Embodiment 3 are the same as in Embodiment
2 except for wavelength ranges of the excitation lights and of the fluorescent lights that are imaged and detected. Since
the composition of the fluorescent endoscope device of the Embodiment 3 is generally the same as that of Embodiment
2, further construction details will be omitted. Rather, the basic operation of the fluorescent endoscope device of Em-
bodiment 3, which differs from that of Embodiment 2, will be discussed with reference to Figs. 26A - 26L and Fig. 27.
Fig. 26A is a conceptual illustration that shows the relationship between the wavelength ranges of excitation lights
generated by the light source unit 3 and the wavelength ranges of fluorescence detected by the imaging unit 1 according
to Embodiment 3. On the vertical axis are displayed the light intensities of the excitation lights and of the fluorescent
lights, in arbitrary units. The horizontal axis shows the wavelength, in nm. Figs. 26B - 26F show the % transmittance of
the etalon 63 on the vertical axis and the wavelength, in nm, on the horizontal axis for various states (i.e., caused by
different air gap spacings) of the etalon which results in the etalon having different peak transmittances. Figs. 26G - 26K
show the intensities of fluorescent light received by the image pickup device 64 after being transmitted by the etalon.
The vertical axis indicates the intensity of the light, in arbitrary units, and the horizontal axis indicates the wavelength, in nm.
[0093] Fig. 26L shows optical characteristics of an excitation light cut-off filter 62 that may be arranged in the imaging
unit 1. In Fig. 26L, the solid line indicates the ideal % transmittance of the excitation light cut-off filter 62 for a ray that is
incident parallel to the surface normal of the cut-off filter, for which the left-side vertical scale applies. On the other hand,
the chain line indicates the best optical density property of the excitation light cut-off filter which may be realized as an
actual excitation light cut-off filter 62 for a ray that is incident parallel to the surface normal of the cut-off filter. The right-
side vertical scale applies to the optical density, which is defined as per Equation (A) above. That is, the ideal state is
shown by the % transmittance. The actual state is shown by the optical density.
[0094] As shown in Fig. 26A, with the fluorescent endoscope device of the present embodiment, five types of fluorescent
images of respective different peak wavelengths can be acquired by illuminating living tissue using two different excitation
lights. Excitation light in the narrow-band wavelength region A (400 nm - 430 nm) is used that generates auto-fluorescent
light in the wavelength region a2 (610 nm - 640 nm) by exciting porphyrin, and it simultaneously also generates auto-
fluorescent light in the wavelength region a1 (440 nm - 580 nm) by exciting collagen and elastin. In addition, excitation
light in the narrow-band wavelength region B (650 nm - 670 nm) is used that generates: (1) fluorescent light in the
wavelength region a3 (690 nm - 710 nm) by exciting a fluorescent probe that has combined with a first substance k1
that originates in pathologically changing tissue; (2) fluorescent light in the wavelength region a4 (720 nm - 740 nm) by
exciting a fluorescent probe that has combined with a second substance k2 that originates in pathologically changing
tissue; and (3) fluorescent light in the wavelength region a5 (770 nm - 790 nm) by exciting a fluorescent probe that has
combined with a third substance k3 that originates in pathologically changing tissue. The transmission characteristics
of the excitation light cut-off filter that is arranged in the imaging unit 1 are such that the average % transmittance is 70%
or greater in the wavelength ranges of 440 nm - 640 nm and 690 nm - 790 nm, and the optical density in the wavelength
ranges 400 nm - 430 nm and 650 nm - 670 nm is 4 or greater (Fig. 26L). Therefore, the excitation lights in the narrow-
band wavelength regions A and B are sufficiently shielded by the excitation light cut-off filter 62.
[0095] If the endoscope operator presses a switch arranged on the operating panel of the light source unit 3, an
instruction is given to commence acquisition of a fluorescent image using the fluorescent endoscope device, and the
light source unit 3 is switched to the excitation light generating mode. At the same time, signals are sent to synchronize
the timing of reading out image signals from the imaging unit 1, or the timing of changing the air gap spacing of the
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etalon 63, with the timing of shielding the excitation lights. Optical filters (e), (e) and an optical filter (f) that are used for
fluorescent light image observation are arranged on the rotating disc 24, and are repetitively inserted into the light flux
of the light source unit 3. Each of the optical filters (e), (e) has a % transmittance of 50% or greater in the wavelength
range of 400 nm - 430 nm, and the optical filter (f) has a % transmittance of 50% or greater in the wavelength range of
650 nm - 670 nm. The illumination unit repetitively interposes shielding periods between the excitation light illumination
periods, and the three illumination periods A1, A2 and B1 are repeated with each revolution of the rotating disc 24.
[0096] The etalon 63 has its air gap spacing changed by control signals from a drive circuit 4b, and it may be set to
any one of at least five states having different transmission characteristics. In the periods during which the light source
unit 3 creates the excitation light in the narrow-band wavelength region A, the etalon 63 is sequentially set to the following
two states:

state 1 - a state wherein, of the fluorescent light generated in the wavelength regions a1 - a5, only light in the
wavelength region a1 is substantially transmitted (Fig. 26F); and
state 2 - a state wherein, of the fluorescent light generated in the wavelength regions a1 - a5, only light in the
wavelength regions a1 and a2 is substantially transmitted (Fig. 26E).

[0097] In state 1, the air gap spacing of the etalon 63 is set to be the longest of the five states. At this time, the second
wavelength transmission region of the etalon 63 is such that there is a peak transmittance at a wavelength that is longer
than 800 nm, and the full width of the intensity profile as measured between the half-maximum intensity points is 30 nm
or less.
[0098] In state 2, the air gap spacing of the etalon 63 is set to be the shortest of the five states. At this time, the second
wavelength transmission region of the etalon is such that there is a peak transmittance in the wavelength range of 610
nm - 640 nm, and the full width of the intensity profile as measured between the half-maximum intensity points is 30 nm
or less.
[0099] When the etalon 63 is set to state 1, of the fluorescent lights in the wavelength regions a1 - a5, the image
pickup device 64 receives only the fluorescent light in the wavelength region a1 (Fig. 26K). When the etalon 63 is set
to state 2, of the fluorescent lights in the wavelength regions a1 - a5, the image pickup device 64 receives only fluorescent
light in the wavelength regions a1 and a2 (Fig. 26J).
[0100] One the other hand, in the period in which the light source unit 3 is creating excitation light in the narrow-band
wavelength region B, the etalon 63 is set to the following three states:

state 3 - a state wherein, of the fluorescent light generated in the wavelength regions a1 - a5, only light in the
wavelength regions a1 and a3 is substantially transmitted (Fig. 26D);
state 4 - a state wherein, of the fluorescent light generated in the wavelength regions a1 - a5, only light in the
wavelength regions a1 and a4 is substantially transmitted (Fig. 26C); and
state 5 - a state wherein, of the fluorescent light generated in the wavelength regions a1 - a5, only light in the
wavelength regions a1 and a5 is substantially transmitted. (Fig. 26B).

[0101] In states 3 - 5, the air gap spacings of the etalon 63 are greater than the air gap spacing in state 2 and smaller
than the air gap spacing in state 1. In addition, the air gap spacing in state 3 is smaller than the air gap spacing in state
4, and the air gap spacing in state 4 is smaller than the air gap spacing in state 5.
[0102] When the etalon 63 is set to state 3, the second wavelength transmission range of the etalon 63 is such that
there is a peak transmittance in the wavelength range of 690 nm - 710 nm, and the full width of the intensity profile as
measured between the half-maximum intensity points is 30 nm_or less. At this time, fluorescent light in the wavelength
region a3 is received by the image pickup device 64 (Fig. 26I).
[0103] When the etalon 63 is set to state 4, the second wavelength transmission region of the etalon 63 is such that
there is a transmission peak in the wavelength range of 720 nm - 740 nm, and the full width of the intensity profile as
measured between the half-maximum intensity points is 30 nm or less. At this time, the fluorescent light in the wavelength
region a4 is received by the image pickup device 64 (Fig. 26H).
[0104] When the etalon 63 is set to state 5, the second wavelength transmission region of the etalon is such that there
is a transmission peak in the wavelength range of 770 nm - 790 nm, and the full width of the intensity profile as measured
between the half-maximum intensity points is 30 nm or less. At this time, fluorescent light in the wavelength region a5
is received by the image pickup device 64 (Fig. 26G).
[0105] Fig. 27 is a timing chart showing the timing among the illumination periods, the states of the etalon, and
fluorescent image signals obtained by the image pickup device of Embodiment 3 over three cycles of illumination using
the rotary disc 24. As shown in Fig. 27, if a cycle is taken as from the commencement of a first illumination period A1
(in which the illumination unit 2 irradiates light in the narrow-band wavelength region A) to the end of the third illumination
period B1 (in which the illumination unit 2 irradiates excitation light in the narrow-band wavelength region B), image data
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necessary for image processing for the fluorescent endoscope device of this embodiment must be obtained over three
consecutive cycles.
[0106] During a first illumination period A1 of the first cycle, the illumination unit 2 irradiates excitation light in the
narrow-band wavelength region A. With the etalon 63 set so as to be in state 1, the imaging unit 1 acquires image signals
D1 of fluorescent light in the wavelength region a1. The image signals D 1 are then read out during the next period S 1
in which the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0107] During a second illumination period A2 of the first cycle, the illumination unit 2 illuminates excitation light in the
narrow-band wavelength region A and the etalon 63 is set to state 2. As a result, the imaging unit 1 acquires the image
signals D2 of fluorescent light in the wavelength regions a1 and a2. The image signals D2 are then read out during the
next period S2 in which the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0108] During a third illumination period B 1 of the first cycle, the illumination unit 2 illuminates excitation light in the
narrow-band wavelength region B and the etalon 63 is set to state 3. As a result, the imaging unit 1 acquires the image
signals D3 of fluorescent light in the wavelength region a3. The image signals D3 are read out during the next period
S3 in which the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0109] During a first illumination period A1 of the second cycle, the illumination unit 2 irradiates excitation light in the
narrow-band wavelength region A. With the etalon 63 set so as to be in state 1, the imaging unit 1 acquires image signals
D4 of fluorescent light in the wavelength region a1. The image signals D4 are then read out during the next period S1
in which the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0110] During a second illumination period A2 of the second cycle, the illumination unit 2 illuminates excitation light
in the narrow-band wavelength region A and the etalon 63 is set to state 2. As a result, the imaging unit 1 acquires the
image signals D5 of fluorescent light in the wavelength regions a1 and a2. The image signals D5 are then read out
during the next period S2 in which the excitation light is shielded and are stored in the memory circuit 5a of the image
processing unit 5.
[0111] During a third illumination period B 1 of the second cycle, the illumination unit 2 illuminates excitation light in
the narrow-band wavelength region B and the etalon 63 is set to state 4. As a result, the imaging unit 1 acquires the
image signals D6 of fluorescent light in the wavelength region a4. The image signals D6 are then read out during the
next period S3 in which the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0112] During a first illumination period A 1 of the third cycle, the illumination unit 2 irradiates excitation light in the
narrow-band wavelength region A. With the etalon 63 set so as to be in state 1, the imaging unit 1 acquires image signals
D7 of fluorescent light in the wavelength region a1. The image signals D7 are then read out during the next period S 1
in which the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0113] During a second illumination period A2 of the third cycle, the illumination unit 2 illuminates excitation light in
the narrow-band wavelength region A and the etalon 63 is set to state 2. As a result, the imaging unit 1 acquires the
image signals D8 of fluorescent light in the wavelength regions a1 and a2. The image signals D8 are then read out
during the next period S2 in which the excitation light is shielded and are stored in the memory circuit 5a of the image
processing unit 5.
[0114] During a third illumination period B 1 of the third cycle, the illumination unit 2 illuminates excitation light in the
narrow-band wavelength region B and the etalon 63 is set to state 5. As a result, the imaging unit 1 acquires the image
signals D9 of fluorescent light in the wavelength region a5. The image signals D9 are then read out during the next
period S3 in which the excitation light is shielded and are stored in the memory circuit 5a of the image processing unit 5.
[0115] Image processing is accomplished based on the image signals acquired during the above-discussed three
cycles. The procedure of image processing of the read-out image signals that is accomplished by the image processing
unit 5 of this embodiment is the same as that described previously, and therefore further explanation will be omitted.
[0116] Figs. 28A - 28D are schematic diagrams that illustrate the kinds of fluorescent images that can be displayed
on a TV monitor using the fluorescent endoscope device of Embodiment 3. Fig. 28A is a quasi-color-coded image that
may be prepared based on the three kinds of image signals that are read out during the first cycle. With a quasi-color-
coded image, a normal part, a part in which the surface layer of normal tissue is inflamed, and a pathologically changing
part can the displayed in separate colors. Fig. 28B is a quasi-color-coded image that may be prepared based on three
types of image signals that are read out during the second cycle. Fig. 28C is a quasi-color-coded image that may be
prepared based on three types of image signals that are read out during the third cycle. Fig. 28D is a composite quasi-
color-coded image that may be prepared based on the images shown in Figs. 28A - 28C. In the case where the patho-
logically changing parts in Figs. 28A - 28C overlap, the overlapping portions may be emphatically displayed as a contour
drawing. The image shown in Fig. 28A includes information relating to a substance k1 that originates in pathologically
changing tissue. The image shown in Fig. 28B includes information relating to a different substance k2 that originates
in pathologically changing tissue. The image shown in Fig. 28C includes information relating to a yet another substance
k3 that originates in pathologically changing tissue. Therefore, a composite image as shown in Fig. 28D can be prepared,
utilizing the information contained in Figs. 28A - 28C, that enables an observer to more easily see the lesion tissue areas
and thus such an image provides a higher degree of reliability in terms of identifying lesion tissue.
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[0117] In the present embodiment as well, in lieu of using an etalon 63, an array of five types (i.e., each of a different
peak transmittance) of optical filters can be arranged so that the optical filters overlay different pixel elements of an
image pickup device. If multiple fluorescent images having different peak wavelengths are imaged by the imaging unit
1, the array of five types of optical filters having different peak transmittances enables the multiple fluorescent images
to be individually detected.
[0118] For example, the following five types of optical filters may be used:

(1) an optical filter wherein the % transmittance is 50% or greater in the wavelength range of 420 nm - 580 nm, and
the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm;
(2) an optical filter wherein the % transmittance is 50% or greater in the wavelength range of 610 nm - 640 nm, and
the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm;
(3) an optical filter wherein the % transmittance is 50% or greater in the wavelength range of 690 nm - 710 nm, and
the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm;
(4) an optical filter wherein the % transmittance is 50% or greater in the wavelength range of 720 nm - 740 nm, and
the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm; and
(5) an optical filter wherein the % transmittance is 50% or greater in the wavelength range of 770 nm - 790 nm, and
the average % transmittance is 5% or less for other wavelengths in the range of 400 nm - 800 nm.

[0119] By, for example, arranging the optical filters that have the same transmission characteristics in columns so that
different optical filters overlay different pixels in a row, if a fluorescent image is imaged for each row of optical filters,
then multiple fluorescent images can be individually acquired. With such a composition, it is possible to successively
read out image signals, and there is no need to provide light shielding periods in order to read out image signals.
Therefore, bright images can be acquired even from a relatively weak fluorescent substance. In addition, since the
fluorescent light having different peak wavelengths can be separated, the excitation light in the narrow-band wavelength
region A and the excitation light in the narrow-band wavelength region B can be simultaneously irradiated, making it
possible to simplify the structure of the light source unit. In addition, since multiple fluorescent images can be individually
acquired, computation processing can be eliminated from the image processing unit 5.
[0120] In the embodiments discussed above, which are provided with a light source unit for generating excitation lights
having different peak wavelengths, an illumination unit for irradiating the excitation light onto a living tissue and an
imaging unit including a variable optical element for changing the transmission wavelength thereof, it is desirable that
the following Condition (1) be satisfied: 

where
n is the number of excitation lights of the light source unit having different peak wavelengths and is an integer greater
than 1; and
m is the number of fluorescent images of different peak wavelengths that are acquired by the imaging unit.
[0121] If the lower limit of Condition (1) is not satisfied, it becomes difficult to diagnose a pathological tissue that has
little histological change such as early stages of cancer with high accuracy since the information regarding a pathologically
changing part that may be obtained from the acquired images is insufficient. On the other hand, if the upper limit of
Condition (1) is not satisfied, the excitation lights of the light source unit will be unable to provide adequate excitation
energy for all of the fluorescent probes, resulting in being unable to obtain images with sufficient brightness from each
type of optical probe used.
[0122] In addition, in the embodiments discussed above, which are provided with a light source unit for generating
excitation lights having different peak wavelengths, an illumination unit for irradiating the excitation light onto a living
tissue, and an imaging unit including an image pickup device and multiple optical filters that have different transmission
wavelength bands and are arranged on each pixels of the image pickup device, it is desirable that the following Condition
(2) be satisfied: 

where
n is the number of excitation lights of the light source unit having different peak wavelengths and is an integer greater
than 1; and
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k is the number of types of optical filters that have different peak transmittance wavelengths.
[0123] If the lower limit of Condition (2) is not satisfied, it becomes difficult to diagnose a pathological tissue that has
little histological change, such as often occurs in early stages of cancer, with high accuracy since the information regarding
a pathologically changing part obtained from the acquired images is insufficient. On the other hand, if the upper limit of
Condition (2) is not satisfied, light source unit 3 will be unable to provide adequate excitation energy for all of the
fluorescent probes; this will result in being unable to obtain images with sufficient brightness from each type of optical
probe used. Also, the number of types of the optical filters for distinguishing different fluorescent lights will be large. This
results in reducing the number of pixels allocated for each type of filter. Therefore, there will not be sufficient resolution
to accomplish imaging for each type of optical filter.
[0124] The fluorescent endoscope device according to the present invention may be used in detecting and diagnosing
pathological changes in living organisms and, more particularly, pathological changes that occur in the early stages of
various cancers.
[0125] The invention being thus described, it will be obvious that the same may be varied in many ways. Such variations
are not to be regarded as a departure from the scope of the inventionas defined in the following claims.

Claims

1. An endoscope device comprising:

a light source unit (3, 8) that creates multiple excitation lights for fluorescent image observation having different
peak wavelengths;
an illumination unit (2) that optically transmits the excitation lights to a distal end of the endoscope device, and
the multiple excitation lights are then directed so as to illuminate a living organism; and
an imaging unit (1) that includes an objective optical system (33, 52, 61) and an image pickup device (36, 55,
64); wherein
the imaging unit (1) is capable of acquiring images of fluorescent light generated by said excitation lights,
fluorescent light having different peak wavelengths, characterized in that
the following condition is satisfied: 

where
n is the number of excitation lights having different peak wavelengths created by the light source unit (3, 8) and
an integer greater than 1; and
m is the number of fluorescent images having different peak wavelengths that are acquired by the imaging unit (1).

2. The endoscope device according to claim 1, wherein:

at least two excitation lights having different peak wavelengths are created, namely, a first excitation light having
wavelength components that excite one or more naturally occurring substances within a living organism, and
a second excitation light having wavelength components that excite one or more fluorescent substances that
have been administered to a living organism;
the first excitation light has wavelength components of less than 500 nm; and
the second excitation light has wavelength components of 500 nm or longer.

3. The endoscope device according to claim 2, wherein:

the first excitation light has wavelength components in a narrow-band wavelength region that includes 405 nm;
and
the second excitation light has wavelength components in a narrow-band wavelength region that includes 660
nm; and
the full widths of the intensity profiles of said excitation lights in the narrow-band wavelength regions, as measured
between the half-maximum intensity points, are 30 nm or less.

4. The endoscope device according to claim 2, wherein:
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the light source unit (3, 8) is capable of being switched from a first illumination state that creates narrow-band
excitation light having wavelengths in the range of 400 nm - 430 nm to a second illumination state that creates
narrow-band excitation light having wavelengths that are within the wavelength range of 650 nm - 700 nm, and
vice-versa; and
an optical filter is arranged in the imaging unit (1) that cuts off the excitation lights that are created in the first
illumination state and in the second illumination state.

5. The endoscope device according to claim 4, wherein:

the light source unit (8) includes multiple semiconductor elements (82) that each create coherent light having
different peak wavelengths.

6. The endoscope device according to claim 5, wherein:

the multiple semiconductor elements (82) create coherent lights in which 405 nm is a peak wavelength and in
which 660 nm is a peak wavelength.

7. The endoscope device according to claim 5, and further including:

a control unit (4) that controls the operation of the light source unit (3, 8) and the imaging unit (1); wherein
the control unit (4) includes a timing control circuit (4a) that controls the light exposure time of the image pickup
device (36, 55, 64), and the lighting and extinguishing of each of the multiple semiconductor elements (82) is
controlled at different timing with each other by the timing control circuit.

8. The endoscope device according to claim 5, wherein:

the illumination unit (2) includes a light guide (81) for optically transmitting excitation light created by the multiple
semiconductor elements (82) to the distal end of the endoscope; and
the light source unit (3, 8) includes a light chopper (86) that may be inserted into, or removed from, the light
paths between the multiple semiconductor elements and an end surface of the light guide (81), and the light
chopper (86) shields coherent light created by one of the semiconductor elements (82) and coherent light created
by the other of the semiconductor elements (82) at different timings.

9. The endoscope device according to claim 4, wherein:

the endoscope device further includes an image processing unit (5) that generates an image from image signals
that have been acquired by the image pickup device (36, 55, 64); and
the image processing unit (5), at a minimum, generates multiple images having different peak wavelength
components based on image signals acquired by the image pickup device (36, 55, 64) during the illumination
period of the first illumination state.

10. The endoscope device according to claim 4, wherein:

the endoscope device further includes an image processing unit (5) that forms images from image signals
acquired by the image pickup device (36, 55, 64); and
the image processing unit (5) is composed so that, in addition to forming multiple images from image signals
acquired by the image pickup device (36, 55, 64) in the periods in which the excitation lights are illuminated, it
is also capable of forming a composite image from among these image signals.

11. The endoscope device according to claim 1, wherein
the imaging unit (1) further comprises "m" types of optical filters (OF), each type of which has a different peak
transmittance wavelength, arranged in front of an image receiving surface of the image pickup device (36, 55, 64).

12. The endoscope device according to claim 11, wherein the different types of optical filters (OF) are arranged so as
to overlay different pixels of the image pickup device (36, 55, 64) in a manner so that multiple fluorescent images
having different peak wavelengths can be individually acquired by the imaging unit (1) via the respective different
types of optical filters.
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13. The endoscope device according to claim 11, wherein the different types of optical filters (OF) include the following
three optical filters having different spectral transmittance characteristics, as follows:

(1) an optical filter in which the average % transmittance is 50% or greater for the wavelength range of 420 nm
- 580 nm, and the average % transmittance is 5% or less for other wavelengths in the wavelength range of 400
nm - 800 nm;
(2) an optical filter in which the average % transmittance is 50% or greater for the wavelength range of 610 nm
- 640 nm, and the average % transmittance is 5% or less for other wavelengths in the wavelength range of 400
nm - 800 nm; and
(3) an optical filter in which the average % transmittance is 50% or greater for the wavelength range of 710 nm
- 740 nm, and the average % transmittance is 5% or less for other wavelengths in the wavelength range of 400
nm - 800 nm.

14. The endoscope device according to the claim 11, wherein the different types of optical filters (OF) include the
following four optical filters having different spectral transmittance characteristics, as follows:

(1) an optical filter in which the average % transmittance is 50% or greater for the wavelength range of 420 nm
- 580 nm, and the average % transmittance is 5% of less for other wavelengths in the wavelength range of 400
nm - 800 nm;
(2) an optical filter in which the average % transmittance is 50% or greater for the wavelength range of 610 nm
- 640 nm, and the average % transmittance is 5% or less for other wavelengths in the wavelength range of 400
nm - 800 nm;
(3) an optical filter in which the average % transmittance is 50% or greater for the wavelength range of 710 nm
- 740 nm, and the average % transmittance is 5% or less for other wavelengths in the wavelength range of 400
nm - 800 nm; and
(4) an optical filter in which the average % transmittance is 50% or greater for the wavelength range of 770 nm
- 800 nm, and the average % transmittance is 5% or less for other wavelengths in the wavelength range of 400
nm - 800 nm.

15. The endoscope device according to the claim 11, wherein the different types of optical filters (OF) include the
following five optical filters having different spectral transmittance characteristics as follows:

(1) an optical filter in which the average % transmittance for the wavelength range of 420 nm - 580 nm is 50%
or greater, and the average % transmittance for other wavelengths in the range of 400 nm - 800 nm is 5% or less;
(2) an optical filter in which the average % transmittance for the wavelength range of 610 nm - 640 nm is 50%
or greater, and the average % transmittance for other wavelengths in the range of 400 nm - 800 nm is 5% or less;
(3) an optical filter in which the average % transmittance for the wavelength range of 690 nm - 710 nm is 50%
or greater, and the average % transmittance for other wavelengths in the range of 400 nm - 800 nm is 5% or less;
(4) an optical filter in which the average % transmittance for the wavelength range of 720 nm - 740 nm is 50%
or greater, and the average % transmittance for other wavelengths in the range of 400 nm - 800 nm is 5% or
less; and
(5) an optical filter in which the average % transmittance for the wavelength range of 770 nm - 790 nm is 50%
or greater, and the average % transmittance for other wavelengths in the range of 400 nm - 800 nm is 5% or less.

16. The endoscope device according to claims 1 to 6 and 8, wherein
the imaging unit (1) includes a variable transmittance optical element (35, 54, 63) in which the wavelength region
that transmits through the variable transmittance optical element (35, 54, 63) can be controlled so as to change the
wavelength range of light that it transmits and which is located between the object-side surface of the objective
optical system (33, 52, 61) and the image plane of the image pickup device (36, 55, 64).

Patentansprüche

1. Endoskopvorrichtung, aufweisend:

eine Lichtquelleneinheit (3, 8), welche eine Mehrzahl von Anregungslichtern für eine Fluoreszenz-Bildbeobach-
tung mit unterschiedlichen Spitzenwellenlängen erzeugt;
eine Beleuchtungseinheit (2), welche die Anregungslichter optisch an ein distales Ende der Endoskopvorrichtung
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überträgt, wobei die Mehrzahl von Anregungslichtern dann so gerichtet werden, dass sie einen lebenden Or-
ganismus beleuchten; und
eine Abbildungseinheit (1), die ein optisches Objektivsystem (33, 52, 61) und eine Bildaufnahmevorrichtung
(36, 55, 64) enthält, wobei
die Abbildungseinheit (1) Bilder von Fluoreszenzlicht, das durch die Anregungslichter erzeugt wurde, zu erlangen
vermag, wobei das Fluoreszenzlicht unterschiedliche Spitzenwellenlängen aufweist, dadurch gekennzeich-
net, dass
die folgende Bedingung erfüllt ist: 

wobei
n die Anzahl von Anregungslichtern unterschiedlicher Spitzenwellenlängen ist, welche von der Lichtquellenein-
heit (3, 8) erzeugt werden, und eine ganze Zahl größer als 1 ist; und
m die Anzahl von Fluoreszenzbildern mit unterschiedlichen Spitzenwellenlängen ist, welche von der Abbil-
dungseinheit (1) erlangt werden.

2. Endoskopvorrichtung nach Anspruch 1, wobei:

wenigstens zwei Anregungslichter mit unterschiedlichen Spitzenwellenlängen erzeugt werden, nämlich ein er-
stes Anregungslicht mit Wellenlängenkomponenten, welche eine oder mehrere natürlich vorkommende Sub-
stanzen innerhalb eines lebenden Organismus anregen und ein zweites Anregungslicht mit Wellenlängenkom-
ponenten, welche eine oder mehrere Fluoreszenzsubstanzen anregen, welche einem lebenden Organismus
verabreicht wurden;
wobei das erste Anregungslicht Wellenlängenkomponenten kleiner als 500 nm aufweist; und
das zweite Anregungslicht Wellenlängenkomponenten von 500 nm oder größer aufweist.

3. Endoskopvorrichtung nach Anspruch 2, wobei:

das erste Anregungslicht Wellenlängenkomponenten in einem schmalbandigen Wellenlängenbereich aufweist,
der 405 nm enthält; und
das zweite Anregungslicht Wellenlängenkomponenten in einem schmalbandigen Wellenlängenbereich auf-
weist, der 660 nm enthält; und
die vollen Breiten der Intensitätsprofile der Anregungslichter in den schmalbandigen Wellenlängenbereichen,
gemessen zwischen Intensitätspunkten des Halbmaximums, 30 nm oder weniger betragen.

4. Endoskopvorrichtung nach Anspruch 2, wobei:

die Lichtquelleneinheit (3, 8) in der Lage ist, von einem ersten Beleuchtungszustand, der schmalbandiges
Anregungslicht mit Wellenlängen im Bereich von 400 nm bis 430 nm erzeugt, in einen zweiten Beleuchtungs-
zustand umgeschaltet zu werden, der schmalbandiges Anregungslicht mit Wellenlängen erzeugt, die innerhalb
des Wellenlängenbereichs von 650 nm bis 700 nm liegen und umgekehrt; und
ein optischer Filter in der Abbildungseinheit (1) angeordnet ist, der Anregungslichter abtrennt, die in dem ersten
Beleuchtungszustand und in dem zweiten Beleuchtungszustand erzeugt werden.

5. Endoskopvorrichtung nach Anspruch 4, wobei:

die Lichtquelleneinheit (8) eine Mehrzahl von Halbleiterelementen (82) enthält, welche jeweils kohärentes Licht
mit unterschiedlichen Spitzenwellenlängen erzeugen.

6. Endoskopvorrichtung nach Anspruch 5, wobei:

die Mehrzahl von Halbleiterelementen (82) kohärente Lichter erzeugen, bei denen 405 nm eine Spitzenwellen-
länge ist und bei denen 660 nm eine Spitzenwellenlänge ist.

7. Endoskopvorrichtung nach Anspruch 5, weiterhin mit:
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einer Steuereinheit (4), welche den Betrieb der Lichtquelleneinheit (3, 8) und der Abbildungseinheit (1) steuert,
wobei
die Steuereinheit (4) eine Zeitsteuerschaltung (4a) enthält, welche die Belichtungszeit der Bildaufnahmevor-
richtung (36, 55, 64) steuert, und wobei die Lichtabgabe und das Erlöschen eines jeden der Mehrzahl von
Halbleiterelementen (82) zu voneinander unterschiedlichen Zeitpunkten durch die Zeitsteuerschaltung gesteuert
wird.

8. Endoskopvorrichtung nach Anspruch 5, wobei:

die Beleuchtungseinheit (2) einen Lichtleiter (81) zur optischen Übertragung des von der Mehrzahl von Halb-
leiterelementen (82) erzeugten Anregungslichts an das distale Ende des Endoskops aufweist; und
die Lichtquelleneinheit (3, 8) einen Lichtzerhacker (86) aufweist, der in die Lichtpfade zwischen der Mehrzahl
von Halbleiterelementen und einer Endfläche des Lichtleiters (61) einsetzbar oder daraus entfernbar ist, wobei
der Lichtzerhacker (86) kohärentes Licht, das von einem der Halbleiterelemente (82) erzeugt wird und kohä-
rentes Licht, das von den anderen der Halbleiterelemente (82) erzeugt wird, zu unterschiedlichen Zeitpunkten
abschirmt.

9. Endoskopvorrichtung nach Anspruch 4, wobei:

die Endoskopvorrichtung weiterhin eine Bildverarbeitungseinheit (5) aufweist, welche ein Bild aus Bildsignalen
erzeugt, welche von der Bildaufnahmevorrichtung (36, 55, 64) erlangt wurden; und
die Bildverarbeitungseinheit (5) zumindest während der Beleuchtungsperiode des ersten Beleuchtungszustands
mehrere Bilder mit unterschiedlichen Spitzenwellenlängenkomponenten basierend auf Bildsignalen erzeugt,
welche von der Bildaufnahmevorrichtung (36, 55, 64) erlangt werden.

10. Endoskopvorrichtung nach Anspruch 4, wobei:

die Endoskopvorrichtung weiterhin eine Bildverarbeitungseinheit (5) aufweist, welche Bilder aus Bildsignalen
formt, die von der Bildaufnahmevorrichtung (36, 55, 64) erlangt werden; und
die Bildverarbeitungseinheit (5) so zusammengesetzt ist, dass zusätzlich zur Ausbildung mehrerer Bilder aus
von der Bildaufnahmevorrichtung (36, 55, 64) in den Zeitabschnitten, in denen die Anregungslichter leuchten,
erlangten Bildsignalen, sie auch in der Lage ist, ein zusammengesetztes Bild aus diesen Bildsignalen zu bilden.

11. Endoskopvorrichtung nach Anspruch 1, wobei
die Abbildungseinheit (1) weiterhin ,,m" Typen von optischen Filtern (OF) aufweist, wobei jeder Typ hiervon eine
unterschiedliche Spitzendurchlässigkeitswellenlänge hat, welche vor einer Bildempfangsoberfläche der Bildaufnah-
mevorrichtung (36, 55, 64) angeordnet sind.

12. Endoskopvorrichtung nach Anspruch 11, wobei die unterschiedlichen Typen von optischen Filtern (OF) so ange-
ordnet sind, dass sie unterschiedliche Pixel in der Bildaufnahmevorrichtung (36, 55, 64) derart überlappen, dass
mehrere Fluoreszenzbilder mit unterschiedlichen Spitzenwellenlängen individuell von der Abbildungseinheit (1) über
die jeweiligen unterschiedlichen Typen von optischen Filtern erlangt werden können.

13. Endoskopvorrichtung nach Anspruch 11, wobei die unterschiedlichen Typen von optischen Filtern (OF) die folgenden
drei optischen Filter enthalten, welche unterschiedliche spektrale Durchlässigkeitscharakteristiken wie folgt aufwei-
sen:

(1) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 420 nm bis 580 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt;
(2) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 610 nm bis 640 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt; und
(3) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 710 nm bis 740 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt.

14. Endoskopvorrichtung nach Anspruch 11, wobei die unterschiedlichen Typen von optischen Filtern (OF) die folgenden
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vier optischen Filter enthalten, welche unterschiedliche spektrale Durchlässigkeitscharakteristiken wie folgt aufwei-
sen:

(1) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 420 nm bis 580 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt;
(2) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 610 nm bis 640 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt;
(3) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 710 nm bis 740 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt; und
(4) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 770 nm bis 800 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt.

15. Endoskopvorrichtung nach Anspruch 11, wobei die unterschiedlichen Typen von optischen Filtern (OF) die folgenden
fünf optischen Filter enthalten, welche unterschiedliche spektrale Durchlässigkeitscharakteristiken wie folgt aufwei-
sen:

(1) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 420 nm bis 580 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt;
(2) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 610 nm bis 640 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt;
(3) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 690 nm bis 710 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt;
(4) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 720 nm bis 740 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt; und
(5) ein optischer Filter, bei dem die durchschnittliche %-Durchlässigkeit 50 % oder mehr für den Wellenlängen-
bereich von 770 nm bis 790 nm beträgt und die durchschnittliche %-Durchlässigkeit 5 % oder weniger für andere
Wellenlängen im Wellenlängenbereich von 400 nm bis 800 nm beträgt.

16. Endoskopvorrichtung nach den Ansprüchen 1 bis 6 und 8, wobei
die Abbildungseinheit (1) ein optisches Element (35, 54, 63) mit variablem Durchlässigkeitsgrad enthält, wobei der
Wellenlängenbereich, der durch das optische Element (35, 54, 63) mit variablem Durchlässigkeitsgrad transmittiert,
so gesteuert werden kann, dass der Wellenlängenbereich des von diesem durchgelassenen Lichtes geändert werden
kann, und welches zwischen der objektseitigen Oberfläche des optischen Objektivsystems (33, 52, 61) und der
Abbildungsebene der Bildaufnahmevorrichtung (36, 55, 64) angeordnet ist.

Revendications

1. Dispositif d’endoscope comprenant :

une unité de source de lumières (3, 8) qui crée des lumières d’excitation multiples pour une observation d’images
fluorescentes ayant différentes longueurs d’ondes pics :

une unité d’éclairage (2) qui transmet optiquement les lumières d’excitation jusqu’à une extrémité distale
du dispositif d’endoscope, et les lumières d’excitation multiples sont ensuite dirigées de manière à éclairer
un organisme vivant ; et
une unité d’imagerie (1) qui inclut un système optique d’objectif (33, 52, 61) et un dispositif de capture
d’images (36, 55, 64) ; dans lequel
l’unité d’imagerie (1) est apte à acquérir des images de lumière fluorescente générées par lesdites lumières
d’excitation, lesdites lumières fluorescentes ayant différentes longueurs d’ondes pics, caractérisé en ce
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que
la condition suivante est satisfaite : 

où
n est le nombre de lumières d’excitation ayant différentes longueurs d’ondes pics créées par l’unité de source
de lumières (3, 8) et un entier supérieur à 1 ; et
m est le nombre d’images fluorescentes ayant différentes longueurs d’ondes pics qui sont acquises par l’unité
d’imagerie (1).

2. Dispositif d’endoscope selon la revendication 1, dans lequel :

au moins deux lumières d’excitation ayant différentes longueurs d’ondes pics sont créées, à savoir une première
lumière d’excitation ayant des composantes de longueur d’onde qui excitent une ou plusieurs substances
naturelles à l’intérieur d’un organisme vivant, et une deuxième lumière d’excitation ayant des composantes de
longueur d’onde qui excitent une ou plusieurs substances fluorescentes qui ont été administrées à un organisme
vivant ;
la première lumière d’excitation a des composantes de longueur d’onde de moins de 500 nm ; et
la deuxième lumière d’excitation a des composantes de longueur d’onde de 500 nm ou plus.

3. Dispositif d’endoscope selon la revendication 2, dans lequel :

la première lumière d’excitation a des composantes de longueur d’onde dans une région de longueur d’onde
en bande étroite qui inclut 405 nm ; et
la deuxième lumière d’excitation a des composantes de longueur d’onde dans une région de longueur d’onde
en bande étroite qui inclut 660 nm ; et
les largeurs complètes des profils d’intensité desdites lumières d’excitation dans les régions de longueur d’onde
en bande étroite, telles que mesurées entre les points d’intensité de demi-maximum, sont 30 nm ou moins.

4. Dispositif d’endoscope selon la revendication 2, dans lequel :

l’unité de source de lumières (3, 8) est apte à être commutée d’un premier état d’éclairage qui crée une lumière
d’excitation en bande étroite ayant des longueurs d’ondes dans la plage de 400 nm à 430 nm à un deuxième
état d’éclairage qui crée une lumière d’excitation en bande étroite ayant des longueurs d’ondes qui sont dans
la plage de longueurs d’ondes de 650 nm à 700 nm, et vice-versa ; et
un filtre optique est agencé dans l’unité d’imagerie (1) qui coupe les lumières d’excitation qui sont créées dans
le premier état d’éclairage et dans le deuxième état d’éclairage.

5. Dispositif d’endoscope selon la revendication 4, dans lequel :

l’unité de source de lumières (3, 8) inclut des éléments semi-conducteurs multiples (82) qui créent chacun une
lumière cohérente ayant différentes longueurs d’ondes pics.

6. Dispositif d’endoscope selon la revendication 5, dans lequel :

les éléments semi-conducteurs multiples (82) créent des lumières cohérentes dans lesquelles 405 nm est une
longueur d’onde pic et dans lesquelles 660 nm est une longueur d’onde pic.

7. Dispositif d’endoscope selon la revendication 5, et incluant en outre :

une unité de commande (4) qui commande le fonctionnement de l’unité de source de lumières (3, 8) et de l’unité
d’imagerie (1) ; dans lequel
l’unité de commande (4) inclut un circuit de commande de temporisation (4a) qui commande le temps d’exposition
à la lumière du dispositif de capture d’images (36, 55, 64), et l’éclairage et l’extinction de chacun des éléments
semi-conducteurs multiples (82) sont commandés à des moments différents les uns des autres par le circuit
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de commande de temporisation.

8. Dispositif d’endoscope selon la revendication 5, dans lequel :

l’unité d’éclairage (2) inclut un guide de lumière (81) pour transmettre optiquement une lumière d’excitation
créée par les éléments semi-conducteurs multiples (82) jusqu’à l’extrémité distale de l’endoscope ; et
l’unité de source de lumières (3, 8) inclut un hacheur de lumière (86) qui peut être inséré dans les, ou enlevé
des, chemins de lumière entre les éléments semi-conducteurs multiples et une surface d’extrémité du guide
de lumière (81), et le hacheur de lumière (86) fait écran à la lumière cohérente créée par l’un des éléments
semi-conducteurs (82) et à la lumière cohérente créée par l’autre des éléments semi-conducteurs (82) à des
moments différents.

9. Dispositif d’endoscope selon la revendication 4, dans lequel :

le dispositif d’endoscope inclut en outre une unité de traitement d’images (5) qui génère une image à partir de
signaux d’image qui ont été acquis par le dispositif de capture d’images (36, 55, 64) ; et
l’unité de traitement d’images (5), au minimum, génère des images multiples ayant différentes composantes
de longueurs d’ondes pics sur la base de signaux d’image acquis par le dispositif de capture d’images (36, 55,
64) pendant la période d’éclairage du premier état d’éclairage.

10. Dispositif d’endoscope selon la revendication 4, dans lequel :

le dispositif d’endoscope inclut en outre une unité de traitement d’images (5) qui forme des images à partir de
signaux d’images acquis par le dispositif de capture d’images (36, 55, 64) ; et
l’unité de traitement d’images (5) est composée de telle manière que, outre la formation d’images multiples à
partir de signaux d’images acquis par le dispositif de capture d’images (36, 55, 64) dans les périodes dans
lesquelles les lumières d’excitation sont projetées, elle est également apte à former une image composite à
partir de ces signaux d’images.

11. Dispositif d’endoscope selon la revendication 1, dans lequel :

l’unité d’imagerie (1) comprend en outre « m » types de filtres optiques (FO), chaque type desquels a une
longueur d’onde pic de transmittance différente, agencés devant une surface de réception d’image du dispositif
de capture d’images (36, 55, 64).

12. Dispositif d’endoscope selon la revendication 11, dans lequel les différents types de filtres optiques (FO) sont
agencés de manière à recouvrir différents pixels du dispositif de capture d’images (36, 55, 64) d’une manière telle
que des images fluorescentes multiples ayant différentes longueurs d’ondes pics peuvent être individuellement
acquises par l’unité d’imagerie (1) par l’intermédiaire des différents types respectifs de filtres optiques.

13. Dispositif d’endoscope selon la revendication 11, dans lequel les différents types de filtres optiques (FO) incluent
les trois filtres optiques suivants ayant différentes caractéristiques de transmittance spectrale, comme suit :

(1) un filtre optique dans lequel la transmittance moyenne en % est 50 % ou plus pour la plage de longueurs
d’ondes de 420 nm à 580 nm, et la transmittance moyenne en % est 5 % ou moins pour d’autres longueurs
d’ondes dans la plage de longueurs d’ondes de 400 nm à 800 nm ;
(2) un filtre optique dans lequel la transmittance moyenne en % est 50 % ou plus pour la plage de longueurs
d’ondes de 610 nm à 640 nm, et la transmittance moyenne en % est 5 % ou moins pour d’autres longueurs
d’ondes dans la plage de longueurs d’ondes de 400 nm à 800 nm ; et
(3) un filtre optique dans lequel la transmittance moyenne en % est 50 % ou plus pour la plage de longueurs
d’ondes de 710 nm à 740 nm, et la transmittance moyenne en % est 5 % ou moins pour d’autres longueurs
d’ondes dans la plage de longueurs d’ondes de 400 nm à 800 nm.

14. Dispositif d’endoscope selon la revendication 11, dans lequel les différents types de filtres optiques (FO) incluent
les quatre filtres optiques suivants ayant différentes caractéristiques de transmittance spectrale, comme suit :

(1) un filtre optique dans lequel la transmittance moyenne en % est 50 % ou plus pour la plage de longueurs
d’ondes de 420 nm à 580 nm, et la transmittance moyenne en % est 5 % ou moins pour d’autres longueurs
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d’ondes dans la plage de longueurs d’ondes de 400 nm à 800 nm ;
(2) un filtre optique dans lequel la transmittance moyenne en % est 50 % ou plus pour la plage de longueurs
d’ondes de 610 nm à 640 nm, et la transmittance moyenne en % est 5 % ou moins pour d’autres longueurs
d’ondes dans la plage de longueurs d’ondes de 400 nm à 800 nm ;
(3) un filtre optique dans lequel la transmittance moyenne en % est 50 % ou plus pour la plage de longueurs
d’ondes de 710 nm à 740 nm, et la transmittance moyenne en % est 5 % ou moins pour d’autres longueurs
d’ondes dans la plage de longueurs d’ondes de 400 nm à 800 nm ; et
(4) un filtre optique dans lequel la transmittance moyenne en % est 50 % ou plus pour la plage de longueurs
d’ondes de 770 nm à 800 nm, et la transmittance moyenne en % est 5 % ou moins pour d’autres longueurs
d’ondes dans la plage de longueurs d’ondes de 400 nm à 800 nm.

15. Dispositif d’endoscope selon la revendication 11, dans lequel les différents types de filtres optiques (FO) incluent
les cinq filtres optiques suivants ayant différentes caractéristiques de transmittance spectrale, comme suit :

(1) un filtre optique dans lequel la transmittance moyenne en % pour la plage de longueurs d’ondes de 420 nm
à 580 nm est 50 % ou plus, et la transmittance moyenne en % pour d’autres longueurs d’ondes dans la plage
de 400 nm à 800 nm est 5 % ou moins ;
(2) un filtre optique dans lequel la transmittance moyenne en % pour la plage de longueurs d’ondes de 610 nm
à 640 nm est 50 % ou plus, et la transmittance moyenne en % pour d’autres longueurs d’ondes dans la plage
de 400 nm à 800 nm est 5 % ou moins ;
(3) un filtre optique dans lequel la transmittance moyenne en % pour la plage de longueurs d’ondes de 690 nm
à 710 nm est 50 % ou plus, et la transmittance moyenne en % pour d’autres longueurs d’ondes dans la plage
de 400 nm à 800 nm est 5 % ou moins ;
(4) un filtre optique dans lequel la transmittance moyenne en % pour la plage de longueurs d’ondes de 720 nm
à 740 nm est 50 % ou plus, et la transmittance moyenne en % pour d’autres longueurs d’ondes dans la plage
de 400 nm à 800 nm est 5 % ou moins ; et
(5) un filtre optique dans lequel la transmittance moyenne en % pour la plage de longueurs d’ondes de 770 nm
à 790 nm est 50 % ou plus, et la transmittance moyenne en % pour d’autres longueurs d’ondes dans la plage
de 400 nm à 800 nm est 5 % ou moins.

16. Dispositif d’endoscope selon les revendications 1 à 6 et 8, dans lequel
l’unité d’imagerie (1) inclut un élément optique à transmittance variable (35, 54, 63) dans lequel la région de longueurs
d’ondes qui est transmise par l’élément optique à transmittance variable (35, 54, 63) peut être commandée de
manière à changer la plage de longueurs d’ondes de lumière qu’il transmet et qui est situé entre la surface de côté
objet du système optique d’objectif (33, 52, 61) et le plan d’image du dispositif de capture d’images (36, 55, 64).
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